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Abstract 

Background  Fatigue is a common symptom in adolescents with a chronic health condition. Persistent fatigue and its 
impairments may be prevented by early intervention with Booster. Booster is a transdiagnostic blended care inter-
vention that aims to increase fatigue-related self-efficacy (FSE). Through experience sampling methodology (ESM) 
via the Booster smartphone app, Booster helps users gain personalised insight into the relationship between their 
thoughts, feelings, activities, and fatigue. Based on this insight and shared-decision making, the participant 
and executive investigator set personal lifestyle goals, such as more exercise and fewer daytime naps. The previous 
version of Booster, PROfeel, has already been shown effective in treating persistent fatigue in youth. Booster’s value 
as an early intervention has yet to be studied. To better suit this aim and align with user preferences, the new Booster 
app includes features like goal attainment assistance, daily outcome tracking, and motivating game mechanics (e.g., 
rewards and a minigame). This protocol describes a study to examine the effect of Booster on FSE and the other study 
outcomes fatigue, school participation, life satisfaction, and perceived health. The secondary aim is to explore indi-
vidual differences regarding (moment of ) changes in outcomes during the Booster intervention.

Methods  It is a single-centre study with a multiple baseline single-case experimental design (SCED). We aim 
to include twenty adolescents ages 12 to 18 years with a chronic health condition and fatigue. Booster’s effect on out-
comes will be measured with a daily survey during Phase A (baseline) and B (intervention). The start of phase B will be 
randomised across cases. The effect will be assessed with the multiple baseline single-case randomisation test (SCRT) 
at the group level. Additionally, at the single-case level, we will explore change using permutation distancing tests 
(PDTs), single-case interrupted time series analysis (ITSA), and change point analyses. Also, we will assess participant 
characteristics associated with (long-term) improvements.

Discussion  Booster uses innovative methods by combining tailored ESM-insight, mHealth and healthcare profes-
sional support. Group-level analysis, strengthened by single-case observational analyses, will evaluate the effective-
ness of ESM-supported blended care as an early fatigue intervention and identify its potential working mechanisms. It 
lays the groundwork for implementing ESM tools in clinical practice.
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Introduction
Background and rationale {6a}
Over recent decades, advancements in paediatric health-
care have increased survival rates, leading to more chil-
dren living with chronic conditions like autoimmune 
diseases or post-cancer treatment [1–3]. Growing up 
with a chronic health condition is challenging, as is 
shown by decreased social functioning [4, 5], delayed 
developmental milestones [6], and more mental health 
problems [4, 5, 7, 8]. Severe fatigue is a common and 
potentially disabling symptom. Prevalence ranges from 
5 to 72%, depending on the condition and measurement 
instrument or method [9]. Despite this broad range, 
children with a chronic health condition consistently 
show more clinically relevant fatigue than their healthy 
peers [9]. Severe fatigue restricts participation in regu-
lar activities, lowers quality of life (QoL), and impacts 
psychosocial health [10–13]. The impact of fatigue and 
its treatment scarcity urged patients with inflammatory 
bowel disease (IBD) and juvenile idiopathic arthritis (JIA) 
to prioritise understanding and treating fatigue in their 
research agenda [14, 15]. Also in the oncology research 
field, improving the clinical management of fatigue has 
high priority [16].

Research indicates that severe fatigue is largely inde-
pendent of disease activity, with either no [17, 18] or min-
imal associations found [19]. However, fatigue strongly 
correlates with transdiagnostic (i.e. generic) factors like 
support at home, physical activity, and depressive symp-
toms [20, 21]. The biopsychosocial model supports this, 
viewing fatigue as a result of the interplay of biological, 
psychological, and social factors [22, 23]. This complex 
interplay varies individually, suggesting no one-size-fits-
all solution [24, 25]. Thus, a transdiagnostic approach is 
promising, [26, 27] in which universal mechanisms may 
be considered and targeted through personalised care 
[24, 25].

The significant burden of fatigue in children with a 
chronic health condition underscores the urgency for 
treating persistent severe fatigue. Even more, it empha-
sises the need for early interventions, specifically at a 
stage when fatigue-related impairments are still mini-
mal or nonexistent. Early interventions could avert 
fatigue progression and prevent the development of these 
impairments. General self-efficacy is defined as the belief 
in one’s capabilities to influence events affecting their life 

[28]. It influences behaviour, resilience, and affect [28, 29]. 
Research shows self-efficacy predicts fatigue in children 
with JIA [18]. In youth with cancer [30] and survivors 
of childhood cancer [31], it was shown that self-efficacy 
influences QoL via fatigue. Additionally, a post-cancer 
physical activity intervention in children initially boosted 
self-efficacy, then reduced fatigue and improved QoL 
[32]. Therefore, we consider fatigue-related self-efficacy 
(FSE) a key target for early intervention.

A transdiagnostic tailored intervention that was suc-
cessful in reducing fatigue severity in youth with severe 
persistent fatigue with a chronic health condition is PRO-
feel [33, 34]. PROfeel also boosted FSE in this group [33] 
and appeared most effective in youth with relatively less 
severe symptoms [34]. PROfeel combines an Experience 
Sampling Methodology (ESM)-based smartphone app 
with face-to-face feedback conversations. This blended 
care combination profits from the advantages of both 
on- and offline care. Patients completed a brief ESM sur-
vey multiple times a day to gain insight into the fluctua-
tions of their fatigue and fatigue-related factors, as well 
as the underlying associations. Ultimately, via shared-
decision making, patients formulated personal lifestyle 
goals to reduce fatigue severity and improve FSE and 
QoL. A similar approach may be useful as an early inter-
vention strategy. To adapt PROfeel for early interven-
tion, improvement areas were distilled from evaluations 
with patients, their parents, and healthcare professionals. 
In a participatory design process, the intervention was 
changed accordingly and renamed “Booster”. Booster is 
a transdiagnostic and tailored intervention for fatigue in 
children with a chronic health condition. Booster intends 
to increase FSE through personalised fatigue insight and 
subsequent lifestyle changes, supported by the Booster 
smartphone app and face-to-face care in consecutive 
intervention stages. By increasing FSE, the Booster inter-
vention aims to prevent the progression of fatigue and its 
impairments.

This protocol outlines the overall research objectives of 
the Booster study, as well as the planned methods, analy-
ses, and anticipated strengths and limitations. The focus 
of this protocol paper will be on describing the interven-
tion design and the planned analyses at the group and 
single-case level. The Booster study combines phase III 
and phase II elements of the Medical Research Council 
framework for complex interventions [35]. It aims to test 
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the efficacy of the Booster intervention in a new popu-
lation (phase III) while also exploring potential mecha-
nisms of action and user engagement (phase II). As such, 
this study represents an important step toward the future 
implementation of ESM-based tools in paediatric clinical 
practice.

Objectives {7}
The primary objective of the study is to examine the 
effect of the Booster intervention on FSE and the other 
study outcomes: fatigue severity, school participation, life 
satisfaction, and perceived health. Study outcomes will 
be evaluated at the group level (research question (RQ) 
1) in adolescents (12 to 18  years) with a chronic health 
condition in a stable phase. Participants will have expe-
rienced hindrance by fatigue for at least 3  months. We 
hypothesise that FSE increases first, followed after four 
weeks by decreased fatigue severity, and after six weeks 
by improved school participation, life satisfaction, and 
perceived health.

The secondary objective is to gain insight into individ-
ual differences regarding (moment of ) significant change 
in outcomes during the Booster intervention. At the sin-
gle-case level, we will explore which participants show 
change in outcomes (RQ2) and when these responders 
start to show change (RQ3). In addition, at group level, 
we will study whether baseline participant characteris-
tics are predictive of improvements during the Booster 
intervention (RQ4) and whether long-term change can 
be observed (RQ5).

Trial design {8}
This study employs a multiple baseline single-case exper-
imental design (SCED). In a SCED, each case (i.e. each 
individual) serves as its own control, facilitated by inten-
sive longitudinal data collection in two phases: Phase A 
(baseline) and Phase B (intervention) [36]. Randomisa-
tion of intervention start mitigates potential confound-
ing of time due to external factors (history, e.g. transition 
from winter to summer) and internal factors (maturation, 
e.g. spontaneous recovery) [37]. This enhances internal 
validity [38], as does studying the effect across individuals 
with a multiple baseline design [38, 39]. Change relative 
to the randomised intervention start moments allows for 
causal inference within a SCED. Therefore, in this study, 
multiple participants start the Booster intervention at a 
randomised point in time to allow investigation of causal 
relationships between the intervention and study out-
comes at the group level. Data is collected daily for 130 
days (nearly nineteen weeks) with ESM via the Booster 
app on the participants’ phones.

ESM is also known as ecological momentary assess-
ment (EMA). ESM is a validated structured diary method 

integrated into daily life [40]. It captures personal expe-
riences and behaviours along with real-time fluctuations 
in well-being through repeated surveys over a period 
ranging from several days to weeks [41]. In the following 
sections, the ESM use is detailed, both the daily ESM for 
measuring study outcomes in the daily progress monitor 
and the intensive ESM for personalised insight in fatigue. 
Based on the Internal Validity subscale of the 15-item 
Risk of Bias in N-of-1 Trials (RoBiNT) Scale, our study 
design has fair methodological rigour (Suppl. Table  1) 
[38, 42]. Examples of factors strengthening the internal 
validity are the long intensive longitudinal data collection 
and the measurement of intervention adherence. SPIRIT 
reporting guidelines were followed in this protocol [43]. 
An overview of the study design is given in Fig. 1 (Suppl. 
Fig. 1 for more details).

Methods: participants, interventions, 
and outcomes
Study setting {9}
Patients will be recruited from the Wilhelmina Chil-
dren’s Hospital, University Medical Centre (UMC). We 
aim to include twenty participants. All participants have 
a chronic health condition (including but not limited to 
IBD or JIA) or a history of a life-threatening health con-
dition (i.e. childhood cancer). Patients with a history 
of childhood cancer will be referred from the Prinses 
Maxima Centre for paediatric oncology to the specialist 
fatigue clinic at the Wilhelmina Children’s Hospital.

Eligibility criteria {10}
Booster is intended for a heterogenous group of par-
ticipants. Participants are eligible if they are at least 12 
years and no older than 18 years at baseline; feel hin-
dered by fatigue (≥ three months [44] with a paediatric 
short fatigue questionnaire (pSFQ) score ≥ 15 [45]); and 
are diagnosed with a chronic health condition or have 
been treated for childhood cancer. Participants will be 
excluded when another treatment for their fatigue than 
Booster is indicated or the Booster intervention is not 
feasible. The exclusion criteria concerning another indi-
cated treatment are: a somatic or psychiatric diagnosis 
that fully explains the fatigue; a chronic health condi-
tion that has been unstable in the past three months (e.g. 
change in medication or cancer relapse); and significant 
functional limitations due to fatigue (e.g. school absen-
teeism > 50%). The exclusion criteria concerning feasibil-
ity are as follows: a cognitive impairment with an IQ < 70 
as estimated by the treating physician; no possession of 
a smartphone with internet access; or unable to speak, 
read, understand or write Dutch.

As part of usual care, potential participants will 
undergo a standardised somatic and psychiatric fatigue 
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analysis. Other exclusion criteria will be checked by the 
study team prior to enrolment.

Who will take informed consent? {26a}
Potential participants will receive oral and written infor-
mation from the executive investigator.

Additional consent provisions for collection and use 
of participant data and biological specimens {26b}
Not applicable.

Interventions
Explanation for the choice of comparators {6b}
See section “Trial design”.

Intervention description {11a}
Development
From September 2022 to March 2023, PROfeel was 
evaluated. This led to the development of a new inter-
vention suited for early intervention (Suppl. Table 2a, b). 

In the iterative design process, based on Design Think-
ing [46], patients and healthcare professionals partici-
pated throughout (Suppl. Table  2c). The process started 
with interviews with former PROfeel users (i.e. (parents 
of ) patients and healthcare professionals), followed by 
defining the development direction and ideation. Then, 
patients tested and provided feedback on consecu-
tive app prototypes. An interdisciplinary team of game 
designers, medical doctors, and psychologists made 
design decisions. This resulted in the current interven-
tion, renamed “Booster”. The new Booster app incorpo-
rates user preferences with features like a goal attainment 
module and motivating game mechanics as incentives 
(Suppl. Table 2d, Suppl. Figs. 2–5). The following sections 
describe the Booster intervention in detail.

Booster intervention
Booster is a patient-tailored intervention that aims to 
prevent the progression of fatigue and its impairments 
by increasing FSE. It blends on- and offline face-to-face 

Fig. 1  SPIRIT figure. Baseline and follow-up questionnaires for descriptives and covariates are filled out at T0 (baseline), T3, T4, and T5. T5 is one year 
after the Insight Conversation and the end of study participation. Abbreviation: FSE is fatigue-related self-efficacy
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contact with the executive investigator (hereafter: inves-
tigator), and mobile health (mHealth) support via the 
personalised Booster app (Suppl. Table  2d for an over-
view of app functionalities). Booster shifts the partici-
pant’s focus from fatigue to a modifiable area of daily life, 
further referred to as "lifestyle”. This shift is intended via 
increased insight into fatigue and related lifestyle factors 
through intensive ESM, followed by personalised goal-
setting and -attainment (Suppl. Table  2b for Booster’s 
logic model). Booster comprises five stages: the Start 
Conversation, the Measurement Period, the Insight 
Conversation, the Experiment Period, and the Evalua-
tion Conversation (Fig. 1, Suppl. Table 3), detailed in the 
following section. The daily progress monitor starts ten 
to eighteen days (depending on randomisation) before 
the Start Conversation. The participant will fill out this 
monitor via the Booster app throughout the intervention 
(see section “Plans for assessment and collection of out-
comes”, Fig. 1 and Suppl. Fig. 1 and Suppl. Table 3).

Stage 1: Start Conversation  In a face-to-face meet-
ing, the investigator explains the aim and the method 
of the Booster intervention to the participant, followed 
by information on the biopsychosocial model of fatigue 
(Suppl. Table  4 for an example biopsychosocial model). 
The participant and investigator discuss the participant’s 
attributes on fatigue-associated factors within the three 
domains. They focus on hypothesised inciting (e.g. dis-
ease flare) and sustaining factors (e.g. school pressure). 
This is the prelude to the personalisation of the ESM-
items and -notification schedule by the participant in 
the Booster app. The participant is instructed to respond 
to ≥ 70% of the intensive ESM-surveys to provide suf-
ficient measurement points to construct the Booster 
report.

Generic and personalised ESM-items for personal-
ised insight  The intensive ESM-survey has generic and 
personalised items. Item domains are based on poten-
tially fatigue-sustaining biological (e.g. sleep, physical 
activity), psychological (e.g. cognitions, feelings) and 
social (e.g. location and company of others) factors [22, 
24]. Examples of generic items are as follows: “In the 
last 3 h, I felt fatigued” and “In the last 3 h, I was physi-
cally active”. For personalised items, the participant can 
choose the exact phrasing from a list or create their own 
phrasing (e.g. for positive affect, options such as “happy” 
or “enthusiastic” are available, Suppl. Table 5 for all ESM-
items for personalised insight). Besides, the participant 
can add extra items, for example on specific physical 
symptoms [33, 34]. Most items are answered on a visual 
analogue scale (VAS) ranging from 0 (“not at all”) to 100 
(“very much”). Likert options are shown on the answer-
ing scale (e.g. “a bit” for scores 21 to 40) instead of the 

exact score selected (e.g. 31). The rating from the previ-
ous measurement time will be visualised during the cur-
rent measurement with the label “last”. This implicit ref-
erence point decreases measurement error and improves 
user experience [47]. For categorical items like location, 
the participant chooses between options or fills in the 
exact answer in the “other” option. This personalised 
option will be automatically added at the next measure-
ment time (Fig. 2).

Stage 2: Measurement Period  For four weeks, the par-
ticipant receives the intensive personalised ESM-survey 
five times daily via the Booster app with an approximate 
three-hour interval. The first survey of the day arrives 
at 9 AM, 10 AM, or 11 AM, based on the participant’s 
schedule choice during the Start Conversation. The exact 
timing of notification is randomly assigned within 30 min 
of the scheduled times. In case of non-response, remind-
ers are sent after 20 and 60  min. After 90  min without 
response, the survey closes and is marked as missing. 
Completing the intensive ESM-survey costs less than one 
minute.

From PROfeel research [34], we know that a com-
pliance of at least 35% (i.e. 49 completed surveys) is 
required to derive a Booster Report. Yet, the reliability of 
the output increases as the number of completed surveys 
does. Therefore, in line with previous research [48], we 
aim for at least 70% compliance. Extension of the Meas-
urement Period will be offered to the participant in case 
of < 70% compliance. If the participant does not want to 
extend the Measurement Period, the researcher must dis-
cuss the content of the report with more caution because 
of the lower reliability (see section “Stage 3: Insight 
Conversation”).

Stage 3: Insight Conversation  After the four-week Meas-
urement Period, the participant has a face-to-face con-
versation with the investigator. The Booster report, based 
on the intensive ESM-surveys, is discussed and lifestyle 
goals are set using shared-decision making.

Creating the Booster reportCreating the Booster 
report A statistician, blinded to the participant, uses the 
intensive ESM surveys to compute an individual statisti-
cian report. This contains a summary of fatigue-sustain-
ing factors and their dynamic networks. The summary 
includes fluctuations across the whole assessment period, 
averages for assessment hour and day of the week, dif-
ferences for categorical factors, and day-to-day associa-
tions between paired ESM items across the Measurement 
Period. The dynamic networks (vector autoregression 
lag 1) are produced using Residual Dynamic Structural 
Equation Modelling. This method corrects for mov-
ing weekly average trends, weekend, and time of day 
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and has been described more elaborately elsewhere [24, 
48–50]. From all the generated output, the statistician 
and investigator independently select the most relevant 
summary figures and dynamic networks to be included 
in the Booster report (Fig. 3). Relevance is based on sta-
tistical significance, magnitude of standardised estimates, 
and assumed usefulness for the participant. Possible dif-
ferences between selections are settled via discussion 
between the statistician and investigator.

Discussion of the Booster report with the partici-
pant  During the Insight Conversation, the investigator 
discusses the Booster report with the participant. The 
investigator presents findings in the report as hypoth-
eses. The participant is consistently prompted to share 
their interpretation and the recognisability of the findings 
(e.g. “Based on your measurements, it seems like…., do 
you recognise that?”).

Shared decision-making on lifestyle goals  The 
Booster report discussion initiates the shared 

decision-making on personal lifestyle goals aimed at 
increasing FSE. The report serves as a clinical tool for 
goal-setting, though goals may also arise from other top-
ics discussed during the conversation. Goals are tailored 
to the patient-specific needs. Guided by the investigator, 
the participant formulates personal lifestyle goals in the 
Booster app’s Experiment Module as an implementation 
intention (Fig. 4) [51]. Only one active goal is allowed at a 
time. Additionally, a larger overarching goal, or “Dream” 
(e.g. fully participating at school or having fun with 
friends), can be added to motivate progress on smaller 
goals.

Stage 4: Experiment Period  In the twelve-week Experi-
ment Period, the Booster app aids goal attainment with 
evaluations added to the daily progress monitor on self-
selected goal days. If the active goal is not reached mul-
tiple times, the app proposes to change or adapt the goal. 

Fig. 2  Examples of ESM-items for personalised insight in the Booster app. The survey is called “Check-up” All questions refer to the last three hours. 
A VAS-scale question, ranging from “Not at all” to “Very much”. The label “last” shows the response at the previous measurement time. The slider 
shows Likert scale-like options (“Quite a lot”). B Multiple choice question, displaying the standard (first six) options along with a personal option. The 
“someone else” options filled in previously will be shown in subsequent measurement times, with a maximum of two additional options
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The participant can adapt the active goal or change it to 
another goal.

Stage 5: Evaluation Conversation  The Booster interven-
tion concludes with the Evaluation Conversation. Guided 
by the investigator, the participant reflects on insights 
gained, goals achieved, and effects noticed. Future steps 
for continuing with Booster insights are considered.

Criteria for discontinuing or modifying allocated 
interventions {11b}
Due to the negligible risk of the intervention, no criteria 
for discontinuing or modifying it were specified. How-
ever, in case of a participant’s deteriorating health, the 
investigator may decide to withdraw the participant.

Strategies to improve adherence to interventions {11c}
In the Measurement Period, to sustain motivation for 
completing ESM surveys, participants receive coins for 

each survey they fill out. Bonus coins are awarded for 
achievements such as completing a streak of five sur-
veys in a row, maintaining good compliance, or reaching 
time-related milestones (e.g., being two weeks into the 
Measurement Period). Bonus points are accompanied 
by a badge, and all collected badges can be viewed in the 
app. Points can be used in the in-app game. In the game, 
the participant pilots the avatar over an increasingly 
fast side-scrolling track by tapping the screen to avoid 
obstacles. In the game store, the participant can use the 
points to buy new track elements to create, for example, 
a longer, easier or prettier track. Additionally, the partici-
pant can create a daily diary post by selecting a sticker 
and/or writing things down. This results in a personal 
overview (Suppl. Table 2 d, Suppl. Fig. 3c).

In the Experiment Period, on the home screen, the 
app shows the active goal and its attainment. Besides, 
the Booster report becomes visible in the app. Also, the 
participant can track their own daily progress monitor 
outcomes.

Fig. 3  Example figures from Booster report. A Summary figure of fatigue intensity (y-axis) over the Measurement Period (28 days, x-axis). Blue dots 
are individual measurement points, black line is day average, red line is moving weekly average trend. B Dynamic network showing the time-lagged 
(3-h) relation between an increase in thinking hard first, followed by more fatigue, followed by less physical activity and more resting during the day
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Throughout the study period, participants will receive 
weekly reminders that they may contact the investigator 
for support. If a decline in adherence is detected, moti-
vational messages will be delivered via the Booster app to 
encourage continued engagement.

Relevant concomitant care permitted or prohibited 
during the trial {11d}
Participants are ineligible if they are already involved in a 
behavioural intervention targeting fatigue. However, they 
may receive concomitant fatigue-focused care if it is part 
of the patient-tailored Booster lifestyle goals. Participants 
may also continue with any medical or psychological care 
that began before the Booster intervention, provided 
the primary focus of this treatment is not on reducing 
fatigue.

Provisions for post‑trial care {30}
At the end of the Evaluation Conversation, the investiga-
tor identifies any ongoing care needs not addressed by 
the Booster intervention and ensures appropriate refer-
rals are made.

Outcomes {12}
The primary outcome of the study is FSE. Other out-
comes are fatigue severity, school participation, life sat-
isfaction, and perceived health (see “Plans for assessment 
and collection of outcomes”).

Participant timeline {13}
Baseline assessment (T0) will take place ten to eighteen 
days before the Start Conversation (T1, Fig.  1). In this 
interim period, the participant starts filling out the daily 
progress monitor via the Booster app, which continues 
until the Evaluation Conversation (T3). From the start 
of the Experiment Period onwards (T2 to T3), marked 
by the Insight Conversation, goal attainment is evaluated 
as well via the Booster app (see sections “Stage 4: Experi-
ment Period” and “Goal attainment”). Follow-up with 
elaborate questionnaires (see section “Demographics and 
potential covariates”, Suppl. Table  6) takes place three, 
six, and twelve months after the Insight Conversation 
(T2). Baseline and follow-up questionnaires will be filled 
out in the web-based survey portal KLIK (www.​hetkl​ikt.​
nu) (Fig. 1 and Suppl. Table 3).

Fig. 4  Booster’s Experiment Module. A Goal setting with implementation intention. A participant can add a goal by formulating what specific 
behaviour (“Then”) they aim to perform when (“If”). In the schedule, the days of the week are selected on which goal evaluation will take place. 
B Goal evaluation. In the daily progress monitor, the participant reflects on goal attainment on the goal days. C Progress tracking. Daily progress 
monitor outcomes can be tracked

http://www.hetklikt.nu
http://www.hetklikt.nu
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Sample size {14}
The power to detect an intervention effect with a multi-
ple baseline design (RQ1) depends on the autocorrelation 
of consecutive daily progress monitor measurements, the 
start moment range, the number of repeated measure-
ments, the intervention effect, and the number of cases 
[52]. In the earlier PROfeel study [48], the median auto-
correlation of weekly measurements was 0.17 for FSE, 
0.30 for fatigue severity, and 0.09 for QoL. Median auto-
correlation of the five times daily ESM item on fatigue 
severity was 0.37 [48]. We expect the daily measurements 
in this study to show a higher autocorrelation than weekly 
measurements, but lower than a five times daily item. 
Thus, we assumed the autocorrelation in our study to be 
0.30 across outcomes. The start moment range is nine, as 
the Booster intervention is randomised to start (T1) ten 
to eighteen days after the start of the daily progress mon-
itor (T0). With 100% compliance, the number of repeated 
measurements is 130. With the abovementioned assump-
tions and inclusion of twenty cases, with up to 30% of 
daily measurements missing, the multiple baseline single-
case randomisation test (SCRT) can detect medium to 
large intervention effects of ≥ 0.7 with a power of ≥ 0.80 
at the group level (RQ1, Table 1). However, we anticipate 
small intervention effects since Booster is an early inter-
vention, not treatment. The SCRT, used in SCED, has 
limited power to detect such small intervention effects 
[37, 52, 53]. In contrast, the permutation distancing test 
(PTD), developed for testing differences in means in sin-
gle-case observational designs (SCODs), exhibits higher 
statistical power [53]. It is important to note that SCOD 
cannot establish causality. With the abovementioned 
assumptions, with up to 40% of daily measurements 
missing, the study is well powered to observe changes in 

outcomes for effect sizes as small as 0.3 at the single-case 
observational level (RQ2, Table 1).

For 80% power in detecting change points (RQ3), fifty 
measurements are needed, including at least six post-
change points (start Phase B) [55]. For every outcome, 
the number of Phase A measurements is at least 42 (six 
weeks) if 100% compliant (see section “Statistical meth-
ods”). For detecting change points specifically, change 
points up until six days before the end of the daily pro-
gress monitor can be detected. The start of the daily 
progress monitor ten to eighteen days before the Start 
Conversation (T1) enables us to detect whether the Start 
Conversation itself or the Measurement Period (T1 to 
T2) coincides with a change point (Suppl. Figure 1).

Recruitment {15}
Participants meeting the inclusion criteria will be 
approached by their treating paediatrician.

Assignment of interventions: allocation
Sequence generation {16a}
A randomisation sequence will be generated in advance 
using a computer algorithm. Each value in the sequence 
corresponds to a number of days between ten and eight-
een, determining the timing of the intervention period 
(T1) relative to the start of the daily progress monitor 
(T0).

Concealment mechanism {16b}
The pre-generated randomisation sequence will be 
stored in a fixed list. Participants will be assigned start 
dates based on the order of recruitment, following the 
sequence exactly. This procedure ensures consistent 
application of random allocation while avoiding selection 
bias.

Implementation {16c}
Investigators enrolling participants will assign each 
individual the next start date in the sequence. If a par-
ticipant’s assigned start date falls on a weekend, the inter-
vention will begin on the nearest weekday (the preceding 
Friday or following Monday).

Assignment of interventions: blinding
Who will be blinded {17a}
The analysis of the ESM data will be performed by an 
independent statistician with no involvement in partici-
pant recruitment or access to identifying information. 
Both the statistician and the investigator will refer to par-
ticipants solely by their study codes (e.g. B02) to ensure 
confidentiality and minimise bias.

Table 1  Power for detecting intervention effects at the group 
and single-case level

At the single-case level, intervention effect sizes are defined as small if 0.00–0.99, 
as medium if 1.00–2.49, andas large if ≥ 2.50 [54]

Abbreviations: NA is not applicable, PDT is permutation distancing test, SCRT​ is 
single-case randomisation test

Factors influencing power Study design

Autocorrelation (%) 30

Repeated measurements (n) 130

Power (%) ≥ 80

Cases (n) 20 (group level) 1 (single-case)

Test Multiple baseline SCRT​ PDT

Start moment range (n) 9 NA

Maximum percentage missing 
data to retain sufficient power 
(%)

30 40

Minimum detectable effect size 0.7 (medium to large) 0.3 (small)
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Procedure for unblinding if needed {17b}
Not applicable.

Data collection and management
Plans for assessment and collection of outcomes {18a}
Study outcomes will be assessed using the daily pro-
gress monitor, a repeated survey. The Booster app sends 
the daily progress monitor at a random time within the 
hour before bedtime. Participants determine the exact 
timing of completing the monitor, provided it is within 
three hours of receiving the notification. Responses not 
submitted within this three-hour window are consid-
ered missing. For each item, participants are asked to 
reflect on their day. Item order is randomised to mini-
mise method bias [56]. The daily monitoring period 
starts ten to eighteen days before the Start Conversa-
tion and continues for 130 days, ending twelve weeks 
into the Experiment Period.

Fatigue‑related self‑efficacy
To make the daily progress monitor feasible, a sin-
gle item for FSE was constructed to measure one’s 
confidence in dealing with fatigue. Face validity was 
confirmed after three rounds of interviews with adoles-
cents with (a history of ) severe fatigue. The items tested 
in each round were based on items from validated self-
efficacy questionnaires (Suppl. File 1). The resulting 
item (translated from Dutch) is “Today I believed that 
I could prevent fatigue from bothering me”. FSE will be 
scored on a VAS scale from 0 (“I didn’t believe it at all”) 
to 100 (“I believed it completely”), with higher scores 
indicating higher FSE. Likert options are shown on the 
answering scale (e.g. “I believed it a bit” for scores 21 to 
40) instead of the exact score selected (e.g. 26).

Other study outcomes
Fatigue severity will be measured with the four-item 
pSFQ, answered on a seven-point Likert scale from 
“Yes, that is correct” to “No, that is not correct” [45]. 
The pSFQ score ranges from 4 to 28, with higher scores 
reflecting more severe fatigue. It has good psychomet-
ric properties, including Cronbach alpha’s ranging from 
0.84 to 0.94 [45]. In the official pSFQ, respondents are 
instructed to think of the past two weeks. For the daily 
progress monitor in this study, the instruction was 
adapted to think of today.

Participation will be measured as school or work 
presence, which is calculated by the hours present 
divided by the hours scheduled multiplied by 100. For 
each working or school day, participants will fill in the 
number of hours on their personal timetable and the 

number of hours attended. This item is adapted from 
the PROactive cohort study [57].

Life satisfaction will be measured with the Cantril Lad-
der, adapted for adolescents [58]. Respondents rate their 
life with a ladder numbered from zero to ten. The bottom 
represents “The worst possible life”, and the top ‘The best 
possible life”. This version of the Cantril Ladder is exten-
sively used in the Netherlands. It has good reliability and 
convergent validity with other well-being measures [58].

Perceived health will be measured with the EuroQol 
(EQ) visual analogue scale (VAS) [59]. Respondents rate 
their current health on a vertical scale from 0 (“The worst 
health you can imagine”) to 100 (“The best health you can 
imagine”). The scale shows the exact number selected. 
Rating their health status is feasible for adolescents, and 
EQ-VAS scores can predict health-related QoL as meas-
ured by the EQ Five Dimensions Health Questionnaire 
(EQ-5D) [59].

Goal attainment
The daily progress monitor will also be used to evalu-
ate goal attainment on a personalised frequency during 
the Experiment Period (see section “Stage 4: Experiment 
Period”). For example, if the goal is to cycle to school on 
Mondays, Thursdays, and Fridays, the goal evaluation 
will only take place on those days.

Demographics and potential covariates
To characterise participants, the following parameters 
will be obtained at baseline: age, sex, primary diagnosis 
and time since diagnosis, fatigue duration, and level of 
education. Additional questionnaires to be completed at 
baseline and follow-up are the multiple-item question-
naires measuring the same constructs as measured by the 
daily ESM progress monitor. Moreover, potential predic-
tors, mediators, and moderators of the primary outcome 
FSE will be assessed. These potential covariates are inter-
nalising symptoms, pain, illness identity, mastery, and 
physical activity (Suppl. Table 6 for an overview of base-
line and follow-up assessments).

Qualitative evaluation  A semi-structured interview 
will be conducted with each participant at the Evalua-
tion Conversation by the investigator. The first aim is 
to gain understanding of Booster’s effect, and internal 
and external factors influencing this effect, as experi-
enced by the participant. The second aim is to evaluate 
the Booster intervention in general and the Booster app 
specifically. Before the interview, participants will fill in 
a short Booster-tailored usability questionnaire (Suppl. 
File 2). The questionnaire will also ask about the effect 
of Booster (e.g., “What is the effect of Booster on you?”). 
In the second part of the interview, follow-up questions 
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will be asked about motivation, feasibility, and usability 
(Suppl. File 3). This will guide potential future develop-
ment steps. Interviews will be audio recorded and tran-
scribed verbatim. The interview and the usability ques-
tionnaire combined will support the interpretation of the 
quantitative single-case outcomes.

Plans to promote participant retention and complete 
follow‑up {18b}
To reduce the burden of repeatedly filling out the daily 
progress monitor, we aimed to include as few items as 
possible for each construct while maintaining good psy-
chometric properties. To increase compliance, game 
mechanics were added (see section “Stage 2: Measure-
ment Period”) and the daily assessment time is personal-
ised based on participants’ bedtimes.

Data management {19}
A data management plan has been written and reviewed 
by UMC Utrecht’s data quality management team.

Confidentiality {27}
All data will be handled in accordance with the General 
Data Protection Regulation (GDPR). Only members of 
the research team directly involved in the study will have 
access to participant codes and associated data. Elec-
tronic data will be stored on secure, password-protected 
systems that comply with UMC Utrecht’s information 
security standards. Physical documents, including signed 
informed consent forms, will be stored in a locked cabi-
net at the Wilhelmina Children’s Hospital. In the event 
of data sharing after the study has ended, all datasets will 
be anonymised to protect participant privacy prior to 
release.

Plans for collection, laboratory evaluation and storage 
of biological specimens for genetic or molecular analysis 
in this trial/future use {33}
Not applicable.

Statistical methods
Statistical methods for primary and secondary outcomes 
{20a}
RQ1: What is the effect of the Booster intervention 
on the study outcomes at the group level?
We will study change in mean level of outcomes (level 
change) after outcome-specific lags (Suppl. Figure 1). We 
hypothesise that FSE, Booster’s main target, will improve 
immediately after the Insight Conversation. Improve-
ments in fatigue and participation are expected four 
weeks later, with life satisfaction and perceived health 
improving at six weeks post-Insight Conversation. After 

visual inspection of the data, the multiple baseline SCRT 
will determine the presence of significant medium to 
large Booster intervention effects at the group level. The 
null hypothesis is that observed outcomes are independ-
ent of intervention phase. The randomisation of interven-
tion start is a precondition for conducting the SCRT. It 
tests significance by comparing the observed test statistic 
(mean level change) to the test statistic distribution of all 
other possible intervention start points. This controls for 
time-related confounding [60, 61]. The SCRT outcomes 
will show if the Booster intervention is effective at the 
group level.

RQ2: What changes are observed in study outcomes 
at the single‑case level during the Booster intervention?
Second, we will use the permutation distancing test 
(PDT) and single-case interrupted time series analysis 
(ITSA) to explore changes at the single-case level dur-
ing the Booster intervention. The PDT will test the null 
hypothesis that observations within one individual are 
evenly distributed between Phase A and B. The PDT 
compares the observed test statistic (mean level change) 
to the test statistic distribution of permuted orders of 
observations. To create this distribution, the PDT uses 
different subsets of observations with a specific time dis-
tance to compensate for serial autocorrelation [53]. With 
the ITSA, a regression model is fitted to the data, allow-
ing for separate intercepts and slopes in Phase A and B, 
while correcting for serial autocorrelation [54]. Although 
neither test can directly establish causality (e.g. the PDT 
was developed specifically for AB-phase SCODs) [53], 
together they complement the group-level SCRT results 
by identifying which individuals show significant change 
in outcomes in Phase B (responders) and which do not 
(non-responders). This triangulation approach lever-
ages the strengths of both tests (e.g. the non-paramet-
ric PDT has no distributional assumptions, the ITSA 
enables trend analysis) and provides a comprehensive 
understanding of the data. In particular, the ITSA helps 
determine whether significant level changes found could 
be attributed to trends in the data instead of a possible 
intervention effect [54]. The combined results from both 
statistical tests strengthen the overall evidential basis, 
suggesting increased robustness and reliability of the 
findings.

RQ3: What is the pattern of change in the study outcomes 
at the single‑case level?
We will conduct single-case change point analyses for 
participants in which significant changes in mean level or 
slope were detected by the PDT and/or ITSA (RQ2). Data 
will be analysed with Wild Binary Segmentation (WBS) 
[62]. WBS has no assumptions. It tests for change points 
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by splitting the longitudinal observations into random 
intervals. Per individual, the analysis gives insight into 
the exact moment of change (both level and slope) for 
each outcome. This will provide us with information on 
which Booster intervention stages or elements were rele-
vant to changes in the study outcomes across individuals. 
In the future, this information on effective intervention 
mechanisms could be used to improve the Booster inter-
vention further.

RQ4: Which characteristics are predictive of changes 
in the study outcomes during the Booster intervention?
To explore participants’ characteristics that may predict 
changes in outcomes (see section “Objectives”), multi-
ple analyses are planned. First, a multi-level analysis will 
be used to study the relation between self-reported goal 
attainment and changes in outcomes. Second, partici-
pants will be grouped into responders and non-respond-
ers based on a significant difference in FSE with the PDT 
(RQ2). We will describe and compare the (baseline) char-
acteristics of responders versus non-responders (e.g. 
baseline FSE and fatigue, duration of symptoms, school 
absence, and illness identity), using the Mann–Whitney 
U test for continuous predictors, and a Fisher’s Exact Test 
for categorical data.

RQ5: What long‑term change in outcomes is observed 
at the group level?
Baseline (T0) and follow-up questionnaires (T3 (end of 
intervention), T4 (3 months after T3), T5 (6 months after 
T4) will be used to assess long-term change in measured 
outcomes (i.e. FSE, fatigue, participation, life satisfac-
tion, and perceived health), moderators (i.e. illness iden-
tity and mastery) and mediators (i.e. physical activity and 
sleep) at group level (Fig.  1). We will use linear mixed-
effects models with time as a fixed effect and a random 
intercept for participants to account for the repeated 
follow-up measurements within individuals. If model 
assumptions are severely violated, a non-parametric 
alternative will be considered.

Interim analyses {21b}
Not applicable.

Methods for additional analyses (e.g. subgroup analyses) 
{20b}
Not applicable.

Methods in analysis to handle protocol non‑adherence 
and any statistical methods to handle missing data {20c}
If missing data exceeds 30–40%, we consider imputa-
tion where possible to retain power (Table  1). To guide 
this decision, we will first examine the missing data 

mechanism to determine if imputation is valid and, if so, 
which method is most suitable, such as using multiple 
imputation methods suitable for time-series data [63].

Plans to give access to the full protocol, participant 
level‑data and statistical code {31c}
External researchers can apply for access to the data 
by submitting their research proposal to the principal 
investigator of this study. Studies concerning youth with 
chronic illnesses, fatigue, and those involving extensive 
repeated measurements may be eligible to use the data.

Oversight and monitoring
Composition of the coordinating centre and trial steering 
committee {5d}
The Wilhelmina Children’s Hospital, part of the UMC 
Utrecht, is the coordinating centre of the present study. 
The research group, including the principal and executive 
investigators, will meet weekly to manage the study.

Composition of the data monitoring committee, its role 
and reporting structure {21a}
As the study is not subject to the Medical Research 
Involving Human Subjects Act, no data monitoring com-
mittee has been created.

Adverse event reporting and harms {22}
No study-related adverse events are expected due to this 
negligible risk. In case of adverse events, these will be 
documented, and necessary medical follow-up will be 
provided.

Frequency and plans for auditing trial conduct {23}
As the study is not subject to the Medical Research 
Involving Human Subjects Act, no independent monitor 
is appointed.

Plans for communicating important protocol amendments 
to relevant parties (e.g. trial participants, ethical 
committees) {25}
Modifications will be shared via the website of the 
eHealth Junior Consortium (ehealthjunior.nl) after con-
sultation of the research quality coordinator of the UMC 
Utrecht.

Dissemination plans {31a}
We intend to share the results of the described study with 
the scientific community via (inter)national conferences 
and publication(s) in peer-reviewed journal(s). Results 
will be shared with a wider public via eHealth Junior 
Consortium partners, including patient organisations, as 
well as via popular science articles.
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Discussion
Fatigue is a common debilitating symptom in chil-
dren with a chronic health condition. At an early stage, 
the personalised transdiagnostic intervention Booster 
could prevent persistent fatigue and its impairments by 
increasing FSE. It makes use of innovative methods by 
combining tailored ESM-insight, mHealth and healthcare 
professional support. This single-case multiple baseline 
study examines Booster’s effect on FSE and other out-
comes. Understanding of the group level results will be 
enhanced by extensive explorative analyses at the sin-
gle-case level. Furthermore, this study enables a deeper 
understanding of participant characteristics related to 
change.

A key strength is exploring ESM’s potential as a clini-
cal tool in paediatric health care, as a step towards its 
implementation. The use of ESM for personalised insight 
is non-existent in paediatric clinical practice [64, 65]. 
Neither has ESM as an intervention been studied in chil-
dren with somatic health conditions [64], except in ear-
lier PROfeel studies [33, 34, 48, 50]. Other studies did 
show ESM’s value in adolescent [66, 67] and adult mental 
health care [68–70], and even specifically for fatigue after 
cancer-treatment [71, 72]. This study aims to pioneer the 
use of ESM for personalised insight in paediatric health 
care, building on its established success in adolescent and 
adult mental health.

Second, building on PROfeel’s feasibility and usefulness 
for children with chronic health conditions [50], and its 
effectiveness in youth with persistent fatigue [33, 34], this 
study addresses three major remaining questions: (1) is 
ESM for personalised insight effective as early interven-
tion? (2) which intervention elements influence which 
outcomes for whom, and when? and (3) how do adoles-
cents evaluate the Booster intervention in general and 
the app specifically?

With regard to (1), the multiple baseline SCED enables 
showing effectiveness at the group level, while limiting 
the sample size needed compared to a traditional ran-
domised controlled trial, saving time and resources.

With regard to (2), the intensive longitudinal data col-
lection in the single-case design will clarify the pre-
ventative working mechanisms of a paediatric ESM 
intervention. Although we hypothesise that FSE change 
coincides with the Insight Conversation, change might 
already occur during the Measurement Period. Filling 
out ESM surveys may be an intervention on its own, as 
self-monitoring can increase emotional awareness and 
reduce symptoms of depression in young people [66, 67]. 
Collecting data on multiple outcomes before and during 
each Booster stage, followed by the change-point analy-
ses (RQ3), will give direction on which intervention ele-
ments affect specific outcomes for whom.

With regard to (3), Booster is the result of an exten-
sive iterative and multistakeholder codesign process. 
The largest changes were made to the smartphone app, 
in which game mechanics (e.g. rewards and a minigame) 
were incorporated to sustain motivation throughout the 
intervention, and the Experiment Module was added. 
Involving adolescents in the design process ensured a 
greater understanding of their needs and gave room to 
incorporate their ideas. This could increase the success of 
the intervention [73]. A strength of this study is the ongo-
ing input from adolescents. Through the usability ques-
tionnaire and qualitative evaluation, their feedback will 
inform and guide future developments.

A third strength of this study is the embedding in the 
interdisciplinary eHealth Junior consortium (ehealthjun-
ior.nl) with the involvement of researchers with diverse 
expertise (e.g. ESM-methodology, psychology, paedi-
atrics, implementation sciences, and game design) and 
non-academic partners (e.g. patient associations and 
health care insurers) is secured [74].

However, the study faces several challenges. First, in 
order to mirror the heterogeneous clinical practice, the 
inclusion criteria are broadly defined, with a low fatigue 
severity threshold of ≥ 15 points with the pSFQ. This cor-
responds to the upper 50th percentile of children with 
a chronic health condition) [45]. This may result in a 
diverse group of participants, limiting result replication. 
Nevertheless, this approach acknowledges the large intra-
individual differences in fatigue and thereby strengthens 
the ecological validity of our results. Also, the additional 
analyses at the single-case level will shed light on intra-
individual differences (RQ2 and 3). Ultimately, our study 
aims to identify the value of the Booster intervention for 
adolescents with a chronic health condition who experi-
ence hindrance by fatigue.

Second, the study is only powered to demonstrate 
causal medium to large intervention effects at the group 
level (RQ1),[37, 52] while one might expect smaller 
effects. Nevertheless, these smaller intervention effects 
can be observed with the PDT at the single-case level 
(RQ2), albeit without causal inference. However, if effects 
are replicated across individuals and also align with the 
timing of specific Booster intervention stages, the results 
of the PDT build a case for treatment efficacy, making 
alternative causal explanations less likely [39].

Third, we must consider the potential detrimental 
effect of intensive longitudinal data collection. While 
most participants in ESM studies reported heightened 
awareness from repeated measurements as positive, 
some experienced adverse effects [50, 75–77]. Repeated 
self-reflection can lead to effective cognitive processing 
and problem-solving but may also increase internalising 
symptoms [78]. In our study, intensive longitudinal data 
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collection occurs through ESM surveys during the four-
week Measurement Period and the daily progress moni-
tor throughout. It serves both treatment and research 
purposes. We carefully balanced measurement burden 
(e.g. minimising items, personalised timing, distraction 
options in the Booster app, and contact with the inves-
tigator, exploring long-term effects with pre-post design 
instead of extending the daily progress monitor) with 
validity and scientific rigour (e.g. personalised Booster 
reports, single-case insights, validated items with strong 
psychometric properties, and sufficient measurements 
for statistical power).

A fourth limitation of this study is that to minimise the 
measurement burden, our primary outcome is measured 
with a newly developed single-item question, which risks 
the generalisability of the findings. To minimise this, in 
the development of the item, we followed the guide by 
Bandura to construct self-efficacy scales [79], and estab-
lished face validity with the target population. In the 
analyses, we will check concurrent validity via correla-
tion with other outcome measures and the baseline and 
follow-up questionnaires [80]. Afterwards, we will add 
the item to the ESM-item repository (esmitemrepository.
com) for future use by other researchers.

To conclude, we will study the effect of the Booster 
intervention at the group level while also providing a 
more detailed understanding at the single-case level by 
using a multiple baseline SCED. This study builds on 
earlier studies with PROfeel, Booster’s predecessor. The 
intervention has evolved in collaboration with patients, 
clinicians and interdisciplinary stakeholders from the 
eHealth Junior consortium. Booster aims to avert pro-
gression of fatigue and to prevent its impairments in 
children with chronic health conditions by increasing 
FSE. It is an example of an in-depth investigation of an 
early intervention for which small intervention effects 
are expected. This study will be a stepping stone for the 
implementation of ESM tools for personal insight in clin-
ical practice.

Trial status
This is the first version of the protocol (March 4 2025). 
Recruitment started in October 2024. End of recruitment 
is anticipated in April 2025.

Abbreviations
EMA	� Ecological momentary assessment
EQ	� EuroQol
EQ-5D	� EQ Five Dimensions Health Questionnaire
ESM	� Experience sampling methodology
FSE	� Fatigue-related self-efficacy
IBD	� Inflammatory bowel disease
ITSA	� Interrupted time series analysis
JIA	� Juvenile idiopathic arthritis
mHealth	� Mobile health
PDT	� Permutation distancing test

QoL	� Quality of life
RQ	� Research question
RoBiNT	� Risk of Bias in N-of-1 Trials Scale
SCED	� Single-case experimental design
SCOD	� Single-case observational design
SCRT​	� Single-Case Randomisation Test
UMC	� University medical centre
VAS	� Visual analogue scale
WBS	� Wild Binary Segmentation

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13063-​025-​08960-1.

Supplementary Material 1: Supplementary Table 1. Risk of Bias in N-of-1 
Trials (RoBiNT) scale for Booster study 2. Supplementary Fig. 1. Study 
overview 4. Supplementary Table 2a. Booster’s guiding principles 5. Sup-
plementary Table 2b. Booster’s logic model 6. Supplementary Table 2c. 
Participatory design process 9. Supplementary Table 2d. Booster app 
functionalities 10. Supplementary Fig. 2. The game 11. Supplementary 
Fig. 3. Other general functionalities 12. Supplementary Fig. 4. Measure-
ment Period-specific functionalities 13. Supplementary Table 3. Participant 
timeline 14. Supplementary Table 4. Example of a biopsychosocial model 
of fatigue 15. Supplementary Table 5. Items in ESM-survey of Measure-
ment Period 16. Supplementary Table 6. Proposed covariates measured 
at baseline and follow-up 17. Supplementary File 1. Construction and 
validation of a single Item for measuring fatigue-related self-efficacy 18. 
Supplementary File 2. Usability questionnaire 19. Supplementary File 3. 
Semi-structured interview – topic guide 20. Supplementary references. 

Acknowledgements
We would like to express our gratitude to the children who contributed their 
ideas during the participatory design process. Our thanks also go to IJsfontein 
and M-path for their excellent collaboration in developing the Booster app. 
We appreciate the members of the eHealth Junior Consortium for their input 
in the design and study processes, with special thanks to Joanneke Bouw-
meester and Eeske van Roekel. Additionally, we thank Samantha Bouwmeester 
for her guidance in using the power calculation tool, and Anne Hoefnagels 
for her support with KLIK. Finally, we are grateful to the paediatricians for their 
enthusiasm to start approaching patients for the study.

Patient and public involvement
This study was designed and will be conducted within the eHealth Junior 
Consortium, an interdisciplinary and multistakeholder consortium that aims 
to improve the well-being and resilience of youth with a chronic health condi-
tion via eHealth (ehealthjunior.nl) [74]. Apart from medical and academic insti-
tutions, this consortium constitutes, amongst others, educational institutions, 
companies, and patient organisations. Within the eHealth Junior Consortium, 
from September 2022 to March 2024, PROfeel was further developed, with 
a specific focus on the app. Patients, their parents, and health care providers 
were involved throughout the participatory iterative design process to steer 
the development direction via interviews, codesign sessions, and surveys 
spread by patient organisations (Suppl. Table 2c). Part of this design process 
was the revision of the item measuring the primary outcome measure FSE 
(Suppl. File 1). The qualitative evaluation described in this protocol will ensure 
patient involvement in future development steps.

Authors’ contributions
The study was conceptualised by SLN, RCV, EvdP, JH, AV, and MDS. MDS, AV, 
JH, and SLN designed the study methodology. MDS, AV, SLN, RRLvL, and EvdP 
contributed to the study’s ethical approval and practical feasibility. MDS wrote 
the original draft and revised subsequent drafts, closely supervised by AV. SLN 
is the guarantor. All authors have read, revised and agreed to the published 
version of the manuscript.

Funding
This work is part of the eHealth Junior consortium project, “Feeling Good, 
Despite Illness: Accessible eHealth Supporting the Well-being of Chronically 

https://doi.org/10.1186/s13063-025-08960-1
https://doi.org/10.1186/s13063-025-08960-1


Page 15 of 17Stutvoet et al. Trials          (2025) 26:255 	

Ill Children”. This project is part of the NWA research program “Research on 
Routes by Consortia (ORC)” and is funded by the Netherlands Organization for 
Scientific Research (NWO, project number NWA.1292.19.226).

Data availability
Data will be available after publication and for at least one year after the end 
of the eHealth Junior Consortium. Data will remain available until the end of 
2040. For more information, see section “Confidentiality”.

Declarations

Ethics approval and consent to participate {24}
This study was classified by the institutional review board as exempt of the 
Medical Research Involving Human Subjects Act (code METC: 23–264/DB), 
since participants are not subject to procedures nor required to follow rules of 
behaviour. The principles of the Declaration of Helsinki will be followed in the 
conduct of this study. We will make all participants aware that participation is 
voluntary and that they can withdraw at any time without providing explana-
tion. A reflection period of at least 48 h is provided for eligible participants to 
decide on study participation by giving informed consent. The decision not to 
participate or to withdraw will have no consequences for their regular medical 
treatment.

Author details
1 Department of Paediatrics, Wilhelmina Children’s Hospital, University Medi-
cal Centre Utrecht, Utrecht University, Utrecht, The Netherlands. 2 Princess 
Máxima Centre for Paediatric Oncology, Utrecht, The Netherlands. 3 Depart-
ment of Information and Computing Sciences, Utrecht University, Utrecht, The 
Netherlands. 

Received: 10 March 2025   Accepted: 7 July 2025

References
	1.	 Perrin JM, Bloom SR, Gortmaker SL. The increase of childhood chronic 

conditions in the United States. JAMA. 2007;297(24):2755–9. https://​doi.​
org/​10.​1002/​14651​858.​CD005​179.​pub2.

	2.	 Halfon N, Houtrow A, Larson K, et al. The changing landscape of disability 
in childhood. Future Child. 2012;22(1):13–42. https://​doi.​org/​10.​1353/​foc.​
2012.​0004.

	3.	 van Cleave J, Gortmaker SL, Perrin JM. Dynamics of obesity and chronic 
health conditions among children and youth. JAMA. 2010;303(7):623–30.

	4.	 Pinquart M, Teubert D. Academic, physical, and social functioning of 
children and adolescents with chronic physical illness: a meta-analysis. J 
Pediatr Psychol. 2012;37(4):376–89. https://​doi.​org/​10.​1093/​jpepsy/​jsr106.

	5.	 Berkelbach van der Sprenkel EE, Nijhof SL, Dalmeijer GW, et al. Psycho-
social functioning in adolescents growing up with chronic disease: the 
Dutch HBSC study. Eur J Pediatr. 2022;181(2):763–73. https://​doi.​org/​10.​
1007/​S00431-​021-​04268-9.

	6.	 Maurice-Stam H, Nijhof SL, Monninkhof AS, et al. Review about the 
impact of growing up with a chronic disease showed delays achieving 
psychosocial milestones. Acta Paediatr Int J Paediatr. 2019;108(12):2157–
69. https://​doi.​org/​10.​1111/​apa.​14918.

	7.	 Adams JS, Chien AT, Wisk LE. Mental illness among youth with chronic 
physical conditions. Pediatrics. 2019;144(1): e20181819. https://​doi.​org/​
10.​1542/​peds.​2018-​1819.

	8.	 Pinquart M, Shen Y. Behavior problems in children and adolescents 
with chronic physical illness: a meta-analysis. J Pediatr Psychol. 
2011;36(9):1003–16. https://​doi.​org/​10.​1093/​jpepsy/​jsr042.

	9.	 Williams K, Loades M. How common is fatigue across chronic health 
conditions in children and young people? A systematic review. The Open 
Review Journal. 2022. https://​doi.​org/​10.​47967/​tor20​22col/​vol8.​01.

	10.	 Eddy L, Cruz M. The relationship between fatigue and quality of life in 
children with chronic health problems: a systematic review. J Spec Pedi-
atr Nurs. 2007;12(2):105–14. https://​doi.​org/​10.​1111/J.​1744-​6155.​2007.​
00099.X.

	11.	 Huang IC, Anderson M, Gandhi P, et al. The relationships between fatigue, 
quality of life, and family impact among children with special health care 
needs. J Pediatr Psychol. 2013;38(7):722–31. https://​doi.​org/​10.​1093/​
JPEPSY/​JST016.

	12.	 Kim J, Chung H, Amtmann D, et al. Symptoms and quality of life indica-
tors among children with chronic medical conditions. Disabil Health J. 
2014;7(1):96–104. https://​doi.​org/​10.​1016/J.​DHJO.​2013.​08.​007.

	13.	 Tomlinson D, Zupanec S, Jones H, et al. The lived experience of fatigue in 
children and adolescents with cancer: a systematic review. Support Care 
Cancer. 2016;24(8):3623–31. https://​doi.​org/​10.​1007/​s00520-​016-​3253-8.

	14.	 Chrohn & Colititis NL. Kinderen Met Darmziekten Maken Top 10 Onder-
zoeksagenda. 2023. Available from: https://​www.​crohn-​colit​is.​nl/​blog/​
actue​el/​kinde​ren-​met-​darmz​iekten-​maken-​top-​10-​onder​zoeks​agenda/. 
Last accessed 21 June 2023.

	15.	 Jeugdreuma Vereniging. Onderzoeksagenda Jeugdreuma. 2020. Avail-
able from: https://​jeugd​reuma​veren​iging.​nl/​onder​zoek/​onder​zoeks​
agenda/. Last accessed 5/10/2024.

	16.	 Barsevick AM, Irwin MR, Hinds P, et al. Recommendations for high-priority 
research on cancer-related fatigue in children and adults. J Natl Cancer 
Inst. 2013;105(19):1432–40. https://​doi.​org/​10.​1093/​jnci/​djt242.

	17.	 Nijhof LN, Van De Putte EM, Wulffraat NM, et al. Prevalence of severe 
fatigue among adolescents with pediatric rheumatic diseases. Arthritis 
Care Res (Hoboken). 2016;68(1):108–14. https://​doi.​org/​10.​1002/​ACR.​
22710.

	18.	 Armbrust W, Lelieveld OHTM, Tuinstra J, et al. Fatigue in patients with 
juvenile idiopathic arthritis: relationship to perceived health, physical 
health, self-efficacy, and participation. Pediatric Rheumatol. 2016;14(1). 
https://​doi.​org/​10.​1186/​s12969-​016-​0125-1.

	19.	 Van de Vijver E, Van Gils A, Beckers L, et al. Fatigue in children and 
adolescents with inflammatory bowel disease. World J Gastroenterol. 
2019;25(5):632–43. https://​doi.​org/​10.​3748/​wjg.​v25.​i5.​632.

	20.	 Nap-Van Der Vlist MM, Dalmeijer GW, Grootenhuis MA, et al. Fatigue 
among children with a chronic disease: a cross-sectional study. BMJ 
Paediatr Open. 2021;5(1). https://​doi.​org/​10.​1136/​bmjpo-​2020-​000958.

	21.	 Penson A, Walraven I, Bronkhorst E, et al. Chronic fatigue in childhood 
cancer survivors is associated with lifestyle and psychosocial factors; a 
DCCSS LATER study. ESMO Open. 2023;8(6): 102044. https://​doi.​org/​10.​
1016/j.​esmoop.​2023.​102044.

	22.	 Geenen R, Dures E. A biopsychosocial network model of fatigue in 
rheumatoid arthritis: a systematic review. Rheumatology (Oxford). 
2019;58(Suppl 5):V10–21. https://​doi.​org/​10.​1093/​RHEUM​ATOLO​GY/​
KEZ403.

	23.	 Kusnanto H, Agustian D, Hilmanto D. Biopsychosocial model of illnesses 
in primary care: a hermeneutic literature review. J Family Med Prim Care. 
2018;7(3):497. https://​doi.​org/​10.​4103/​JFMPC.​JFMPC_​145_​17.

	24.	 Vroegindeweij A, Levelt L, Houtveen J, et al. Dynamic modeling of 
experience sampling methodology data reveals large heterogeneity in 
biopsychosocial factors associated with persistent fatigue in young peo-
ple living with a chronic condition. J Psychosom Res. 2023;167: 111195. 
https://​doi.​org/​10.​1016/j.​jpsyc​hores.​2023.​111195.

	25.	 Worm-Smeitink M, Monden R, Groen RN, et al. Towards personalized 
assessment of fatigue perpetuating factors in patients with chronic 
fatigue syndrome using ecological momentary assessment: a pilot study. 
J Psychosom Res. 2021;140(10296): 110296. https://​doi.​org/​10.​1016/j.​
jpsyc​hores.​2020.​110296.

	26.	 Chu BC. Translating transdiagnostic approaches to children and adoles-
cents. Cogn Behav Pract. 2012;19(1):1–4. https://​doi.​org/​10.​1016/j.​cbpra.​
2011.​06.​003.

	27.	 Goërtz YMJ, Braamse AMJ, Spruit MA, et al. Fatigue in patients with 
chronic disease: results from the population-based Lifelines cohort study. 
Sci Rep. 2021;11(1): 20977. https://​doi.​org/​10.​1038/​s41598-​021-​00337-z.

	28.	 Bandura A. Self-efficacy: the exercise of control. New York: WH Freeman; 
1997.

	29.	 Schwarzer R, Warner LM. Perceived self-efficacy and its relationship to 
resilience. 2013. p. 139–150; https://​doi.​org/​10.​1007/​978-1-​4614-​4939-3_​
10.

	30.	 Adame H, Wettersten K, Schwinghamer A, et al. Cancer-related fatigue as 
a mediator between self-efficacy and quality of life for adolescents and 
young adults impacted by cancer. J Psychosoc Oncol. 2022. https://​doi.​
org/​10.​1080/​07347​332.​2022.​21471​20.

https://doi.org/10.1002/14651858.CD005179.pub2
https://doi.org/10.1002/14651858.CD005179.pub2
https://doi.org/10.1353/foc.2012.0004
https://doi.org/10.1353/foc.2012.0004
https://doi.org/10.1093/jpepsy/jsr106
https://doi.org/10.1007/S00431-021-04268-9
https://doi.org/10.1007/S00431-021-04268-9
https://doi.org/10.1111/apa.14918
https://doi.org/10.1542/peds.2018-1819
https://doi.org/10.1542/peds.2018-1819
https://doi.org/10.1093/jpepsy/jsr042
https://doi.org/10.47967/tor2022col/vol8.01
https://doi.org/10.1111/J.1744-6155.2007.00099.X
https://doi.org/10.1111/J.1744-6155.2007.00099.X
https://doi.org/10.1093/JPEPSY/JST016
https://doi.org/10.1093/JPEPSY/JST016
https://doi.org/10.1016/J.DHJO.2013.08.007
https://doi.org/10.1007/s00520-016-3253-8
https://www.crohn-colitis.nl/blog/actueel/kinderen-met-darmziekten-maken-top-10-onderzoeksagenda/
https://www.crohn-colitis.nl/blog/actueel/kinderen-met-darmziekten-maken-top-10-onderzoeksagenda/
https://jeugdreumavereniging.nl/onderzoek/onderzoeksagenda/
https://jeugdreumavereniging.nl/onderzoek/onderzoeksagenda/
https://doi.org/10.1093/jnci/djt242
https://doi.org/10.1002/ACR.22710
https://doi.org/10.1002/ACR.22710
https://doi.org/10.1186/s12969-016-0125-1
https://doi.org/10.3748/wjg.v25.i5.632
https://doi.org/10.1136/bmjpo-2020-000958
https://doi.org/10.1016/j.esmoop.2023.102044
https://doi.org/10.1016/j.esmoop.2023.102044
https://doi.org/10.1093/RHEUMATOLOGY/KEZ403
https://doi.org/10.1093/RHEUMATOLOGY/KEZ403
https://doi.org/10.4103/JFMPC.JFMPC_145_17
https://doi.org/10.1016/j.jpsychores.2023.111195
https://doi.org/10.1016/j.jpsychores.2020.110296
https://doi.org/10.1016/j.jpsychores.2020.110296
https://doi.org/10.1016/j.cbpra.2011.06.003
https://doi.org/10.1016/j.cbpra.2011.06.003
https://doi.org/10.1038/s41598-021-00337-z
https://doi.org/10.1007/978-1-4614-4939-3_10
https://doi.org/10.1007/978-1-4614-4939-3_10
https://doi.org/10.1080/07347332.2022.2147120
https://doi.org/10.1080/07347332.2022.2147120


Page 16 of 17Stutvoet et al. Trials          (2025) 26:255 

	31.	 Saito M, Hiramoto I, Yano M, et al. Influence of self-efficacy on cancer-
related fatigue and health-related quality of life in young survivors of 
childhood cancer. Int J Environ Res Public Health. 2022;19(3): 1467. 
https://​doi.​org/​10.​3390/​ijerp​h1903​1467.

	32.	 Li WHC, Ho KY, Lam KKW, et al. Adventure-based training to promote 
physical activity and reduce fatigue among childhood cancer survivors: 
a randomized controlled trial. Int J Nurs Stud. 2018;83:65–74. https://​doi.​
org/​10.​1016/j.​ijnur​stu.​2018.​04.​007.

	33.	 Vroegindeweij A, Wulffraat NM, Van De Putte EM, et al. Targeting persis-
tent fatigue with tailored versus generic self-management strategies in 
adolescents and young adults with a fatigue syndrome or rheumatic 
condition: a randomized crossover trial. Br J Health Psychol. 2023. https://​
doi.​org/​10.​1111/​bjhp.​12711.

	34.	 Vroegindeweij A, Houtveen J, Lucassen DA, et al. Individual outcomes 
after tailored versus generic self-management strategies for persistent 
fatigue in youth with a fatigue syndrome or rheumatic condition: a mul-
tiple single-case study. Br J Health Psychol. 2024. https://​doi.​org/​10.​1111/​
bjhp.​12722.

	35.	 Campbell M, Fitzpatrick R, Haines A, et al. Framework for design 
and evaluation of complex interventions to improve health. BMJ. 
2000;321(7262):694–6. https://​doi.​org/​10.​1136/​bmj.​321.​7262.​694.

	36.	 Onghena P. Single‐case designs. In: Encyclopedia of statistics in behav-
ioral science. Wiley; 2005. p. 1850–1854. https://​doi.​org/​10.​1002/​04700​
13192.​bsa625.

	37.	 Michiels B, Onghena P. Randomized single-case AB phase designs: pros-
pects and pitfalls. Behav Res Methods. 2019;51(6):2454–76. https://​doi.​
org/​10.​3758/​s13428-​018-​1084-x.

	38.	 Tate RL, Perdices M, Rosenkoetter U, et al. Revision of a method quality 
rating scale for single-case experimental designs and n-of-1 trials: the 
15-item Risk of Bias in N-of-1 Trials (RoBiNT) scale. Neuropsychol Rehabil. 
2013;23(5):619–38. https://​doi.​org/​10.​1080/​09602​011.​2013.​824383.

	39.	 Ledford JR. No randomization? No problem: experimental control and 
random assignment in single case research. Am J Eval. 2018;39(1):71–90. 
https://​doi.​org/​10.​1177/​10982​14017​723110.

	40.	 Myin-Germeys I, Kasanova Z, Vaessen T, et al. Experience sampling 
methodology in mental health research: new insights and technical 
developments. World Psychiatry. 2018;17(2). https://​doi.​org/​10.​1002/​wps.​
20513.

	41.	 Perdices M, Tate RL, Rosenkoetter U. An algorithm to evaluate meth-
odological rigor and risk of bias in single-case studies. Behav Modif. 
2023;47(6):1482–509. https://​doi.​org/​10.​1177/​01454​45519​863035.

	42.	 Chan AW, Tetzlaff JM, Gøtzsche PC, et al. SPIRIT 2013 explanation and 
elaboration: guidance for protocols of clinical trials. BMJ. 2024. https://​doi.​
org/​10.​1136/​bmj.​e7586.

	43.	 National Institute for Health and Care Excellence (NICE). Myalgic enceph-
alomyelitis (or encephalopathy)/chronic fatigue syndrome: diagnosis and 
management. NICE Guideline [NG206]. 2021.

	44.	 Nap-van der Vlist MM, Vroegindeweij A, Hoefnagels JW, et al. Paediatric 
short fatigue questionnaire, a 4-item fatigue questionnaire for children. J 
Psychosom Res. 2023;165: 111130. https://​doi.​org/​10.​1016/j.​jpsyc​hores.​
2022.​111130.

	45.	 Henriksen D, Richardson C, Mehta R. Design thinking: a creative approach 
to educational problems of practice. Think Skills Creat. 2017;26:140–53. 
https://​doi.​org/​10.​1016/j.​tsc.​2017.​10.​001.

	46.	 Dejonckheere E, Penne I, Briels L, et al. For better or for worse? Visualizing 
previous intensity levels improves emotion (dynamic) measurement in 
experience sampling. Psychol Assess. 2023. https://​doi.​org/​10.​1037/​pas00​
01296.

	47.	 Vroegindeweij A, Swart JF, Houtveen J, et al. Identifying disrupted 
biological factors and patient-tailored interventions for chronic fatigue 
in adolescents and young adults with Q-fever fatigue syndrome, chronic 
fatigue syndrome and juvenile idiopathic arthritis (QFS-study): study 
protocol for a randomized controlled trial with single-subject experi-
mental case series design. Trials. 2022;23(1):683. https://​doi.​org/​10.​1186/​
s13063-​022-​06620-2.

	48.	 Houtveen JH, van Eck van der Sluijs J, Thorsell S, et al. Changed dynamic 
symptom networks after a self-compassion training in patients with 
somatic symptom disorder: a multiple single-case pilot project. J Psycho-
som Res. 2022;154. https://​doi.​org/​10.​1016/j.​jpsyc​hores.​2022.​110724.

	49.	 Nap-van der Vlist MM, Houtveen J, Dalmeijer GW, et al. Internet and 
smartphone-based ecological momentary assessment and personalized 

advice (PROfeel) in adolescents with chronic conditions: a feasibility 
study. Internet Interv. 2021;25. https://​doi.​org/​10.​1016/J.​INVENT.​2021.​
100395.

	50.	 Gollwitzer PM, Sheeran P. Implementation intentions and goal achieve-
ment: a meta-analysis of effects and processes. Adv Exp Soc Psychol. 
2006;38:69–119. https://​doi.​org/​10.​1016/​S0065-​2601(06)​38002-1.

	51.	 Bouwmeester S, Jongerling J. Power of a randomization test in a single 
case multiple baseline AB design. PLoS One. 2020;15(2): e0228355. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​02283​55.

	52.	 Vroegindeweij A, Nijhof LN, Onghena P, et al. The permutation distancing 
test for dependent single-case observational AB-phase design data: a 
Monte Carlo simulation study. Behav Res Methods. 2023. https://​doi.​org/​
10.​3758/​s13428-​023-​02167-5.

	53.	 Harrington M, Velicer WF. Comparing visual and statistical analysis in 
single-case studies using published studies. Multivariate Behav Res. 
2015;50(2):162–83. https://​doi.​org/​10.​1080/​00273​171.​2014.​973989.

	54.	 Barnett I, Torous J, Reeder HT, et al. Determining sample size and length 
of follow-up for smartphone-based digital phenotyping studies. J Am 
Med Inform Assoc. 2020;27(12):1844–9. https://​doi.​org/​10.​1093/​jamia/​
ocaa2​01.

	55.	 Loiacono E, Wilson EV. Do we truly sacrifice truth for simplicity: com-
paring complete individual randomization and semi- randomized 
approaches to survey administration. AIS Trans Hum Comput Interact. 
2020:45–69. https://​doi.​org/​10.​17705/​1thci.​00128.

	56.	 Nap- van der Vlist MM, Hoefnagels JW, Dalmeijer GW, et al. The PROactive 
cohort study: rationale, design, and study procedures. Eur J Epidemiol. 
2022;37(9):993–1002. https://​doi.​org/​10.​1007/​s10654-​022-​00889-y.

	57.	 Levin KA, Currie C. Reliability and validity of an adapted version of 
the cantril ladder for use with adolescent samples. Soc Indic Res. 
2014;119(2):1047–63. https://​doi.​org/​10.​1007/​s11205-​013-​0507-4.

	58.	 Honaker J, King G, Blackwell M. Amelia II: a program for missing data. J 
Stat Softw. 2011;45(7):1–47. https://​doi.​org/​10.​18637/​jss.​v045.​i07.

	59.	 Bulté I, Onghena P. The single-case data analysis package: analysing 
single-case experiments with R software. J Mod Appl Stat Methods. 
2013;12(2):450–78. https://​doi.​org/​10.​22237/​jmasm/​13832​80020.

	60.	 ter Kuile MM, Bulté I, Weijenborg PTM, et al. Therapist-aided exposure 
for women with lifelong vaginismus: a replicated single-case design. J 
Consult Clin Psychol. 2009;77(1):149–59. https://​doi.​org/​10.​1037/​a0014​
273.

	61.	 Sharma S, Swayne DA, Obimbo C. Trend analysis and change point tech-
niques: a survey. Energy Ecol Environ. 2016;1(3):123–30. https://​doi.​org/​
10.​1007/​s40974-​016-​0011-1.

	62.	 Kreimeier S, Greiner W. EQ-5D-Y as a health-related quality of life instru-
ment for children and adolescents: the instrument’s characteristics, 
development, current use, and challenges of developing its value set. 
Value in Health. 2019;22(1):31–7. https://​doi.​org/​10.​1016/j.​jval.​2018.​11.​
001.

	63.	 van Dalen M, Snijders A, Dietvorst E, et al. Applications of the Experience 
Sampling Method (ESM) in paediatric healthcare: a systematic review. 
Pediatr Res. 2023. https://​doi.​org/​10.​1038/​s41390-​023-​02918-2.

	64.	 Kampshoff CS, Verdonck-de Leeuw IM, van Oijen MG, et al. Ecological 
momentary assessments among patients with cancer: a scoping review. 
Eur J Cancer Care (Engl). 2019;28(3). https://​doi.​org/​10.​1111/​ecc.​13095.

	65.	 Reid SC, Kauer SD, Hearps SJC, et al. A mobile phone application for 
the assessment and management of youth mental health problems in 
primary care: a randomised controlled trial. BMC Fam Pract. 2011;12:12. 
https://​doi.​org/​10.​1186/​1471-​2296-​12-​131.

	66.	 Kauer SD, Reid SC, Crooke AHD, et al. Self-monitoring using mobile 
phones in the early stages of adolescent depression: randomized con-
trolled trial. J Med Internet Res. 2012;14(3):e67. https://​doi.​org/​10.​2196/​
jmir.​1858.

	67.	 Bos FM, von Klipstein L, Emerencia AC, et al. A web-based application 
for personalized ecological momentary assessment in psychiatric care: 
user-centered development of the PETRA application. JMIR Ment Health. 
2022;9(8). https://​doi.​org/​10.​2196/​36430.

	68.	 Riese H, von Klipstein L, Schoevers RA, et al. Personalized ESM monitoring 
and feedback to support psychological treatment for depression: a prag-
matic randomized controlled trial (Therap-i). BMC Psychiatry. 2021;21(1): 
143. https://​doi.​org/​10.​1186/​s12888-​021-​03123-3.

	69.	 Harnas SJ, Knoop H, Bennebroek Evertsz F, et al. Personalized versus 
standard cognitive behavioral therapy for fear of cancer recurrence, 

https://doi.org/10.3390/ijerph19031467
https://doi.org/10.1016/j.ijnurstu.2018.04.007
https://doi.org/10.1016/j.ijnurstu.2018.04.007
https://doi.org/10.1111/bjhp.12711
https://doi.org/10.1111/bjhp.12711
https://doi.org/10.1111/bjhp.12722
https://doi.org/10.1111/bjhp.12722
https://doi.org/10.1136/bmj.321.7262.694
https://doi.org/10.1002/0470013192.bsa625
https://doi.org/10.1002/0470013192.bsa625
https://doi.org/10.3758/s13428-018-1084-x
https://doi.org/10.3758/s13428-018-1084-x
https://doi.org/10.1080/09602011.2013.824383
https://doi.org/10.1177/1098214017723110
https://doi.org/10.1002/wps.20513
https://doi.org/10.1002/wps.20513
https://doi.org/10.1177/0145445519863035
https://doi.org/10.1136/bmj.e7586
https://doi.org/10.1136/bmj.e7586
https://doi.org/10.1016/j.jpsychores.2022.111130
https://doi.org/10.1016/j.jpsychores.2022.111130
https://doi.org/10.1016/j.tsc.2017.10.001
https://doi.org/10.1037/pas0001296
https://doi.org/10.1037/pas0001296
https://doi.org/10.1186/s13063-022-06620-2
https://doi.org/10.1186/s13063-022-06620-2
https://doi.org/10.1016/j.jpsychores.2022.110724
https://doi.org/10.1016/J.INVENT.2021.100395
https://doi.org/10.1016/J.INVENT.2021.100395
https://doi.org/10.1016/S0065-2601(06)38002-1
https://doi.org/10.1371/journal.pone.0228355
https://doi.org/10.3758/s13428-023-02167-5
https://doi.org/10.3758/s13428-023-02167-5
https://doi.org/10.1080/00273171.2014.973989
https://doi.org/10.1093/jamia/ocaa201
https://doi.org/10.1093/jamia/ocaa201
https://doi.org/10.17705/1thci.00128
https://doi.org/10.1007/s10654-022-00889-y
https://doi.org/10.1007/s11205-013-0507-4
https://doi.org/10.18637/jss.v045.i07
https://doi.org/10.22237/jmasm/1383280020
https://doi.org/10.1037/a0014273
https://doi.org/10.1037/a0014273
https://doi.org/10.1007/s40974-016-0011-1
https://doi.org/10.1007/s40974-016-0011-1
https://doi.org/10.1016/j.jval.2018.11.001
https://doi.org/10.1016/j.jval.2018.11.001
https://doi.org/10.1038/s41390-023-02918-2
https://doi.org/10.1111/ecc.13095
https://doi.org/10.1186/1471-2296-12-131
https://doi.org/10.2196/jmir.1858
https://doi.org/10.2196/jmir.1858
https://doi.org/10.2196/36430
https://doi.org/10.1186/s12888-021-03123-3


Page 17 of 17Stutvoet et al. Trials          (2025) 26:255 	

depressive symptoms or cancer-related fatigue in cancer survivors: 
study protocol of a randomized controlled trial (MATCH-study). Trials. 
2021;22(1): 696. https://​doi.​org/​10.​1186/​s13063-​021-​05657-z.

	70.	 Schellekens MPJ, Bootsma TI, van Woezik RAM, et al. Personalizing 
psychological care for chronic cancer-related fatigue: a case study on 
symptom dynamics. J Pers Oriented Res. 2021;7(1); https://​doi.​org/​10.​
17505/​JPOR.​2021.​23447.

	71.	 Bootsma TI, Schellekens MPJ, van Woezik RAM, et al. Using smartphone-
based ecological momentary assessment and personalized feedback for 
patients with chronic cancer-related fatigue: a proof-of-concept study. 
Internet Interv. 2022;30: 100568. https://​doi.​org/​10.​1016/J.​INVENT.​2022.​
100568.

	72.	 Thabrew H, Fleming T, Hetrick S, et al. Co-design of EHealth interventions 
with children and young people. Front Psychiatry. 2018;9: 481. https://​doi.​
org/​10.​3389/​fpsyt.​2018.​00481.

	73.	 Stutvoet MD, Levelt L, Hrehovcsik MM, et al. Gamification in eHealth for 
chronic disease self-management in youth: a systematic review. Games 
Health J. 2024;0:1–18. https://​doi.​org/​10.​1089/​g4h.​2023.​0111.

	74.	 Trull TJ, Ebner-Priemer UW. Using Experience Sampling Methods/Eco-
logical Momentary Assessment (ESM/EMA) in clinical assessment and 
clinical research: introduction to the special section. Psychol Assess. 
2009;21(4):457. https://​doi.​org/​10.​1037/​a0017​653.

	75.	 Bos FM, Snippe E, Bruggeman R, et al. Recommendations for the use of 
long-term experience sampling in bipolar disorder care: a qualitative 
study of patient and clinician experiences. Int J Bipolar Disord. 2020;8(1). 
https://​doi.​org/​10.​1186/​s40345-​020-​00201-5.

	76.	 Conner TS, Reid KA. Effects of intensive mobile happiness reporting in 
daily life. Soc Psychol Personal Sci. 2012;3(3):315–23. https://​doi.​org/​10.​
1177/​19485​50611​419677.

	77.	 van Genugten CR, Schuurmans J, Lamers F, et al. Experienced burden of 
and adherence to smartphone-based ecological momentary assessment 
in persons with affective disorders. J Clin Med. 2020;9(2): 322. https://​doi.​
org/​10.​3390/​jcm90​20322.

	78.	 Watkins ER. Constructive and unconstructive repetitive thought. Psychol 
Bull. 2008;134(2):163–206. https://​doi.​org/​10.​1037/​0033-​2909.​134.2.​163.

	79.	 Bandura A. Guide for constructing self-efficacy scales. In: Pajares F, Urdan 
T, editors. Self-efficacy beliefs of adolescents. Greenwich: Information Age 
Publishing; 2006, p. 307–337.

	80.	 Fisher CD, To ML. Using experience sampling methodology in organi-
zational behavior. J Organ Behav. 2012;33(7):865–77. https://​doi.​org/​10.​
1002/​job.​1803.

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

https://doi.org/10.1186/s13063-021-05657-z
https://doi.org/10.17505/JPOR.2021.23447
https://doi.org/10.17505/JPOR.2021.23447
https://doi.org/10.1016/J.INVENT.2022.100568
https://doi.org/10.1016/J.INVENT.2022.100568
https://doi.org/10.3389/fpsyt.2018.00481
https://doi.org/10.3389/fpsyt.2018.00481
https://doi.org/10.1089/g4h.2023.0111
https://doi.org/10.1037/a0017653
https://doi.org/10.1186/s40345-020-00201-5
https://doi.org/10.1177/1948550611419677
https://doi.org/10.1177/1948550611419677
https://doi.org/10.3390/jcm9020322
https://doi.org/10.3390/jcm9020322
https://doi.org/10.1037/0033-2909.134.2.163
https://doi.org/10.1002/job.1803
https://doi.org/10.1002/job.1803

	Blended therapy for adolescents with chronic health conditions to increase fatigue-related self-efficacy (Booster): protocol for a single-case multiple baseline study
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Introduction
	Background and rationale {6a}
	Objectives {7}
	Trial design {8}

	Methods: participants, interventions, and outcomes
	Study setting {9}
	Eligibility criteria {10}
	Who will take informed consent? {26a}
	Additional consent provisions for collection and use of participant data and biological specimens {26b}


	Interventions
	Explanation for the choice of comparators {6b}
	Intervention description {11a}
	Development
	Booster intervention

	Criteria for discontinuing or modifying allocated interventions {11b}
	Strategies to improve adherence to interventions {11c}
	Relevant concomitant care permitted or prohibited during the trial {11d}
	Provisions for post-trial care {30}
	Outcomes {12}
	Participant timeline {13}
	Sample size {14}
	Recruitment {15}
	Assignment of interventions: allocation
	Sequence generation {16a}
	Concealment mechanism {16b}
	Implementation {16c}

	Assignment of interventions: blinding
	Who will be blinded {17a}
	Procedure for unblinding if needed {17b}

	Data collection and management
	Plans for assessment and collection of outcomes {18a}
	Fatigue-related self-efficacy
	Other study outcomes
	Goal attainment
	Demographics and potential covariates
	Plans to promote participant retention and complete follow-up {18b}
	Data management {19}
	Confidentiality {27}
	Plans for collection, laboratory evaluation and storage of biological specimens for genetic or molecular analysis in this trialfuture use {33}


	Statistical methods
	Statistical methods for primary and secondary outcomes {20a}
	RQ1: What is the effect of the Booster intervention on the study outcomes at the group level?
	RQ2: What changes are observed in study outcomes at the single-case level during the Booster intervention?
	RQ3: What is the pattern of change in the study outcomes at the single-case level?
	RQ4: Which characteristics are predictive of changes in the study outcomes during the Booster intervention?
	RQ5: What long-term change in outcomes is observed at the group level?

	Interim analyses {21b}
	Methods for additional analyses (e.g. subgroup analyses) {20b}
	Methods in analysis to handle protocol non-adherence and any statistical methods to handle missing data {20c}
	Plans to give access to the full protocol, participant level-data and statistical code {31c}

	Oversight and monitoring
	Composition of the coordinating centre and trial steering committee {5d}
	Composition of the data monitoring committee, its role and reporting structure {21a}
	Adverse event reporting and harms {22}
	Frequency and plans for auditing trial conduct {23}
	Plans for communicating important protocol amendments to relevant parties (e.g. trial participants, ethical committees) {25}
	Dissemination plans {31a}

	Discussion
	Trial status

	Acknowledgements
	References


