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Abstract
Background: Asthma is one of childhood’s most prevalent chronic conditions significantly 
impacting the quality of life. Current asthma management lacks real-time, objective, and 
longitudinal monitoring reflected by a high prevalence of uncontrolled asthma. Long-term 
home monitoring promises to establish new clinical endpoints for timely anticipation. In 
addition, integrating eHealth interventions holds promise for timely and appropriate medical 
anticipation for controlling symptoms and preventing asthma exacerbations.
Objectives: This study aims to provide a pragmatic study design for gaining insight into 
longitudinal monitoring, assessing, and comparing eHealth interventions’ short- and long-
term effects on improving pediatric asthma care.
Design: The CIRCUS study design is a cohort multiple randomized controlled trial (cmRCT) 
with a dynamic cohort of 300 pediatric asthma patients.
Methods: The study gathers observational and patient-reported measurements at set 
moments including patient characteristics, healthcare utilization, and asthma, clinical, and 
environmental outcomes. Participants are randomly appointed to the intervention or control 
group. The effects of the eHealth interventions are assessed and compared to the control 
group, deploying the CIRCUS outcomes. The participants continue in the CIRCUS cohort after 
completing the intervention and its follow-up.
Results: This study was ethically approved by the Medical Research Ethics Committee 
(NL85668.100.23) on February 15th, 2024.
Discussion: The CIRCUS study can provide a rich and unique dataset that can improve insight 
into risk factors of asthma exacerbations and yield new clinical endpoints. Furthermore, the 
effects of eHealth interventions can be assessed and compared with each other both short- 
and long-term. In addition, patient groups within the patient population can be discerned to 
tailor eHealth interventions to personalized needs on improving asthma management.
Conclusion: In conclusion, CIRCUS can provide valuable clinical data to discern risk factors for 
asthma exacerbations, identify and compare effective scalable eHealth solutions, and improve 
pediatric asthma care.
Trial registration: The protocol is registered at ClinicalTrials.gov (NCT06278662).
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Study Protocol

Plain language summary 

A cohort study to assess long- and short-term effects of eHealth tools to help children 
with asthma: the CIRCUS study plan

Why is this study being done? Asthma is a common condition in children that affects their 
quality of life throughout childhood and possibly in adulthood as well. Managing asthma 
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Background
Pediatric asthma, affecting 7% of Dutch children 
in 2021, stands as one of the most prevalent 
chronic diseases.1 Asthma is characterized by 
chronic airway inflammation with variable expira-
tory airflow obstruction.2 Typical asthma symp-
toms include wheezing, cough, shortness of 
breath, chest tightness triggered by physical activ-
ity, respiratory infection, and allergies, influenc-
ing the patient’s quality of life.2,3 Moreover, 
pediatric asthma influences the parents’ quality of 
life through caring responsibilities, limitations in 
workforce participation, and additional health-
related costs. Beyond the personal toll, the eco-
nomic ramifications are considerable, with 
healthcare costs for pediatric asthma care in the 
Netherlands reaching 68 million euros in 2019.4

Asthma treatment focuses on the management of 
asthma symptoms thereby minimizing the risk of 
asthma exacerbations, as highlighted in the 
Global Initiative for Asthma (GINA) guidelines.5 
Besides adequate controller inhaler therapy, 

asthma management consists of assessing comor-
bidities, avoiding personal triggers, and education 
regarding self-management.5,6 However, current 
asthma management lacks tools for healthcare 
professionals to address these aspects resulting in 
a prevalence of 46%–60% of uncontrolled asthma 
in children.7

Currently, asthma care consists of scheduled con-
sultations for monitoring asthma symptom con-
trol.5,8 However, recall bias of symptoms,9 a 
limited perception of asthma symptoms,10 and 
seasonal variability of asthma symptoms11 trouble 
these scheduled consultations. eHealth technolo-
gies, such as communication platforms, remote 
digital sensors, and home diagnostics, could 
improve monitoring by allowing real-time, objec-
tive, and longitudinal monitoring at home. 
eHealth monitoring could therefore provide tools 
to timely anticipate and prevent asthma symp-
toms.12–14 However, current studies on eHealth 
monitoring are heterogeneous in design and end-
points, focus on a single domain or outcome, and 

symptoms is challenging due to a lack of real-time and objective monitoring which may result 
in many children having uncontrolled asthma. Monitoring asthma at home over long periods 
of time using eHealth tools can help doctors monitor and anticipate asthma symptoms in 
order to prevent asthma attacks. This study aims to understand how home monitoring and 
eHealth tools can improve asthma care for children in the short- and long-term.

What will the researchers do? The CIRCUS study involves 300 children with asthma 
and is designed as a cohort multiple randomized controlled trial (cmRCT). This means 
that patients are observed over time and some of these patients are randomly chosen to 
evaluate eHealth tools. We will collect data from patients at regular intervals, including 
their health details, their healthcare visits, and questionnaires about their asthma 
symptoms, self-management level, and quality of life. Moreover, virology data, pollen 
counts, and environmental data like air quality and weather data will be gathered. Effects 
on these outcomes will be compared between patients who use the eHealth tools and a 
control group.

What will the findings mean? The CIRCUS study will provide valuable data on asthma in 
children, helping to identify risk factors for asthma attacks and establishing new ways to 
monitor this condition. It will also compare the effectiveness of different eHealth tools in 
both the short and long term. This can help personalize asthma management and improve 
care for children with asthma.

Keywords:  asthma, clinical trial protocol, cohort studies, internet-based intervention, patient-
reported outcome measures, pediatrics, telemedicine
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lack multiparameter analysis and interventional 
design.15–19 Many studies focus solely on medica-
tion monitoring or the digital environment but 
overlook the combination of multiple domains 
such as lung function, therapy adherence, and air 
quality to promote the identification of personal 
cues of disruption of asthma control.20 While the 
combination of multiple domain monitoring may 
allow for personalized timely anticipation of loss 
of asthma control and the combination of eHealth 
interventions in multiple domains may reveal syn-
ergistic effects on asthma management these 
combinations are still underinvestigated.

The randomized controlled trial (RCT) study 
design is currently widely accepted as the top-
level evidence.21,22 Allocation of patients to either 
the intervention or control group is randomized 
to minimize bias.23 Unfortunately, the RCT 
design complicates the assessment of multiple 
reinforcing eHealth interventions in a single 
RCT. Conducting multiple single RCTs is not 
preferable due to the time-consuming complex-
ity, comprehensiveness, and associated high 
costs, as the extensiveness and complexity of the 
RCT cannot keep up with the fast-changing land-
scape of eHealth developments.21 Moreover, 
from the literature, it becomes clear that the 
chance to be appointed to the control group fol-
lowing randomization may hinder patients from 
participating, especially with longer follow-up 
periods.22,24 Other disadvantages of the RCT 
design are the often limited long-term follow-up 
and low completion rate.21

A cohort multiple Randomized Controlled Trial 
(cmRCT) design, also known as Trials within 
Cohorts, can be used to overcome the main dis-
advantages of the classic RCT.24–26 Participants 
in this cohort perform measurements at set 
moments in time, forming the outcome measures 
of interest, with an emphasis on achieving a mini-
mal study load. The main advantage of this design 
is its representative pool of eligible participants, 
facilitating a random selection of participants for 
interventions from a cohort that accurately 
reflects the diverse pediatric asthma population.25 
The participants who are not selected serve as a 
control group and remain in the cohort.27 
Additional informed consent is not required as 
the design assumes every participant would want 
the intervention and no additional measurements 
are needed.24 These groups therefore allow RCT 
comparison on the primary outcome measures of 

the cohort. Moreover, due to the cohort design in 
the cmRT, regular follow-up measurements of 
primary outcomes are included and the cmRCT 
design offers the possibility to re-approach par-
ticipants for multiple interventions. These multi-
ple eHealth interventions can also be executed in 
parallel and their outcomes can be compared to 
each other which may be crucial to compose per-
sonalized combinations of interventions to reach 
the full impact of eHealth.20 Finally, less drop-out 
is expected since patients who sign consent for an 
intervention are always assigned to the interven-
tion group.

This study aims to generate short- and long-term 
data on clinical and patient-reported outcomes of 
pediatric asthma patients using a cmRCT design. 
The two main objectives of the CIRCUS study 
include (1) the observational assessment of 
improvements in pediatric asthma care and (2) 
the assessment of long- and short-term eHealth 
intervention effects. The first objective includes 
improving pediatric asthma care quality, compar-
ing the existing eHealth care pathway with regular 
pediatric asthma care, and predicting asthma 
control deterioration using Artificial Intelligence 
(AI). The second objective includes the RCT 
evaluation of new eHealth innovations and the 
personalization of pediatric asthma care by 
matching eHealth interventions to risk groups. 
The hypothesis is that the CIRCUS study can 
explore scalable eHealth solutions that improve 
pediatric asthma care. The resulting dataset could 
provide insight into asthma control deterioration 
risk factors.

Methods
The reporting of this study conforms to the 
SPIRIT statement (see Additional File 1, 
Supplemental Material)28,29 and the CIRCUS 
study is registered at ClinicalTrials.gov 
(NCT06278662). The hypotheses corresponding 
to the two main research objectives of the 
CIRCUS study are shown in Table 1.

Study design and setting
The CIRCUS study employs a cmRCT design 
and establishes a dynamic cohort of pediatric 
asthma patients. The participants are selected 
through random sampling (as part of the cmRCT 
cohort design) and can be approached for eHealth 
interventions which are RCT compared to the 
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control group in the cohort on the outcomes of 
the cohort study, as shown in Figure 1.

This study takes place in Medisch Spectrum 
Twente (MST), a large teaching hospital in 
Enschede, the Netherlands. The pediatric depart-
ment of MST is a regional expert center for pedi-
atric asthma from which eligible patients are 
informed of the study.

Participants
Table 2 shows the inclusion, exclusion, drop-out, 
and stop criteria for the CIRCUS study. We no 
longer collect data on patients who stopped or 
dropped out.

The term participants is used for both the chil-
dren and their parents or carers, as data from par-
ents is also gathered. When needed, a distinction 
between child and parent is made.

All eligible participants are informed during an 
outpatient visit. When they are interested, they 
receive a participant information file and are 
called to further explain the details of the study, to 

sign (online) consent, to instruct on the question-
naires, and to fill out the baseline questionnaires.

A sample size of 300 participants was determined 
for this dynamic cohort. This number approxi-
mates 30% of the total pediatric asthma popula-
tion of the MST hospital and is expected to be 
representative in size and characteristics, such as 
age and sex.

The sample size of 300 participants matches three 
cases of power calculations for future interven-
tions. The first case highlights an intervention 
with an effect size of 0.33. With an allocation rate 
of 1:2, sample sizes are 109 and 219 for the inter-
vention and group respectively, a power of 80% 
can be achieved. The second case highlights an 
intervention with an effect size of 0.5. With an 
allocation rate of 1:7, and sample sizes of 36 and 
254 for the intervention and control groups, a 
power of 80% can be achieved. Lastly, the third 
case highlights an intervention with an effect size 
of 0.8. With an allocation rate of 1:20, and sample 
sizes of 13 and 261 for the intervention and con-
trol groups, again a power of 80% can be achieved.

Table 1.  Hypotheses of the two main research objectives of the CIRCUS study.

Research objective Hypothesis

Main CIRCUS objective 1: observational assessment of improvements in pediatric asthma care

Improvement of pediatric asthma 
care quality

The observational analysis results in possible improvements and 
knowledge gaps which can be used for improvement plans or 
follow-up research questions

Comparison between eHealth care 
and regular pediatric asthma care

The eHealth care results in improved care and asthma outcomes as 
compared to regular pediatric asthma care in similar risk groups

Prediction of asthma control 
deterioration using AI

Asthma control deterioration can be predicted with sufficient 
accuracy from the data collected in the CIRCUS study using current 
AI technologies

Main CIRCUS objective 2: assessment of long- and short-term eHealth intervention effects

RCT evaluation of new eHealth 
innovations

Depending on the to-be-determined interventions and the 
superiority or non-inferiority design used, the hypotheses will be 
tested that these interventions show a positive or equivalent effect 
compared to the control group (on the outcome measures chosen 
for this RCT study)

Personalization of pediatric 
asthma care by matching eHealth 
interventions to risk groups

The eHealth interventions can be matched to pediatric asthma 
risk groups using the outcomes and observational assessment, 
therefore improving healthcare efficiency and patient outcomes

RCT, randomized controlled trial.
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Patient participation.  Patient participation is pro-
moted through monthly newsletters to inform 
participants of the study news, results, and gen-
eral updates. Additionally, patient engagement is 
promoted through brainstorming sessions, polls, 
questionnaires, and focus groups.

For this CIRCUS study, we further promote 
patient participation by assembling a panel that 
convenes semi-annually for collaborative discus-
sions. This patient panel consists of 10–15 partici-
pants. This panel actively collaborates in all stages 
of collaboration, for example, participant, advisor, 
consultor, co-designer, knowledge translator, and 
co-researcher (following the review of Bird et al).30 
This includes advising on suitable interventions; 
carefully weighing the study burden, and continu-
ously evaluating the study design.

Outcomes
The CIRCUS study gathers participant charac-
teristics as baseline characteristics. Clinical 
(asthma) outcomes, healthcare utilization, and 
environmental outcomes are the outcomes of 
interest. All outcomes are gathered observationally 

and additionally, specific clinical (asthma) out-
comes are patient-reported. Furthermore, addi-
tional outcomes could be gathered in both 
intervention and control groups depending on the 
specific eHealth intervention.

Baseline characteristics.  The child’s characteris-
tics include age, sex, weight, height, Body Mass 
Index, comorbidities, ethnicity, medication usage, 
allergies, inhalation allergies, school level, and 
asthma-related history such as sports, symptoms, 
family history, prematurity, and smoking. These 
child characteristics are retrieved from the elec-
tronic health record and updated for each outpa-
tient visit. Furthermore, the parent characteristics 
include education level, age, and family situation. 
The parents’ characteristics are inquired from the 
parents during inclusion and updated when 
changes are noticed during outpatient visits.

Clinical (asthma) outcomes.  All medical patient 
data is collected observationally. This includes 
laboratory results, allergy tests, lung functions, 
X-rays, CT scans, and all physician’s notes in the 
patient’s electronic health record. In MST, we 
also perform annual exercise challenge tests in 

Figure 1.  Schematic overview of the CIRCUS design, interventions, control group, and outcome measures.
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which patients perform lung function before and 
after exercise.31 From these tests, we observation-
ally collect the lung function, the physician’s 
notes, and the validated Visual Analog Scale for 
dyspnea.32 Moreover, in MST a specific group of 
uncontrolled and severe pediatric asthma patients 
is included in eHealth care through the Puffer 
app.8 This app allows for a chat function with a 
healthcare professional and the ability to fill in 
questionnaires and to couple measurement 
devices such as spirometry and pulse oximetry. 
We observationally collect this data from the app. 
A schematic overview of the gathered clinical out-
comes is shown in Figure 2. Therapy compliance 
is measured through the hospital pharmacy by 
gathering the name of the medicine, date of issue, 
dose, expected period of use, and quantity 
provided.

Asthma exacerbations are defined as episodes 
characterized by a progressive increase in symp-
toms, requiring corticosteroids, hospital admis-
sion, or a combination of both.5,33 These outcomes 
are collected through the electronic patient dos-
sier and procedural codes of the pediatric depart-
ment of MST.

Patient-reported outcomes are questionnaires 
regarding asthma control, quality of life, quality 
of care, and self-management capacity. Asthma 
control is measured using the validated (Child-) 
Asthma Control test (C-ACT or ACT).34 Quality 
of life is measured using the validated Pediatric 
Asthma Quality of Life Questionnaire 
(PAQLQ)35,36 and the adult-validated Health 
Literacy Questionnaire (HLS).37 Quality of care 
is assessed using the adult-validated Client 

Table 2.  Overview of inclusion, exclusion, drop-out, and stop criteria.

Inclusion criteria

  Age 4–18 years

  Under treatment in MST for pediatric asthma

  Pediatrician-diagnosed asthma conform GINA guidelines5:
  •  Medical history fitting asthma; asthma symptoms, atopy, family history

AND
  •  Spirometry expiratory airflow limitation measured by at least one of the criteria:

  FEV1 reduction compared to the lower limit of normal (Z-score ⩽ −1.64)
  FVC reduction compared to the lower limit of normal (Z-score ⩽ −1.64)
  Positive bronchodilator responsiveness (increase of FEV1 > 12%)
  Positive exercise challenge test (decrease of FEV1 ⩾ 13%)
 � Excessive variation in lung function between spirometry tests in the past (variation of FEV1 > 12% 

from predicted)

Exclusion criteria

  Inadequate proficiency in the Dutch language for either participant or parents

Drop-out criteria

  Three consecutive monitoring questionnaires not filled out by participants or parents.

  Participants and/or parents want to stop

Stop criteria

  Participant turns 18

  The participant is referred to a general practitioner or another hospital

  Follow-up of participated interventions is no longer relevant

  Participant no longer has asthma:
•  No longer having asthma medication
•  No longer fitting asthma diagnostic criteria

https://journals.sagepub.com/home/tar
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Satisfaction Questionnaire (CSQ-4).38 The self-
management capacity is assessed through the 
validated Dutch Patient Activation Measurement 
(PAM-13).39 The Dutch and English question-
naires of the ACT and C-ACT can be found in 
Additional File 2 (Supplemental Material), the 
other questionnaires are copyright protected and 
can be found via the corresponding sources. As 
shown in Figure 3, participants fill out all ques-
tionnaires during the baseline visit. Subsequently, 
monthly (C-)ACT submissions are made. 
PAQLQ is submitted every 6 months, and partici-
pants aged 12 and above additionally respond to 
CSQ-4 and PAM-13. The HLS is filled out every 
4 years. The participants’ parents fill out the 
PAQLQ, (C-)ACT, CSQ-4, and PAM-13 every 
6 months and the HLS every 4 years. Additionally, 
if participants fail to complete questionnaires, an 
automated reminder is sent after 1 week. After 
2 weeks, personalized reminders via email or 
phone calls are initiated for participants who have 
not yet completed the questionnaires.

Healthcare utilization.  Healthcare utilization is 
measured through the number and types of 

hospital admissions, outpatient visits, diagnostic 
tests, telephonic consultations, total healthcare 
costs, hospital costs regarding asthma care, medi-
cation costs, and patient additional costs such as 
travel costs. These outcomes are collected 
through procedural codes of the pediatric depart-
ment of MST.

Environmental outcomes.  The environmental 
outcomes measured in the CIRCUS study are 
weather data, air quality, and pollen counts. 
Weather data is measured daily by the Dutch 
National Meteorological Institute and includes 
temperature, wind speed, duration of sunshine, 
duration of cloud cover, amount of rain, atmo-
spheric pressure, and humidity.40 A more com-
prehensive list is shown in Table 1 in Additional 
File 3 (Supplemental Material). Air quality is 
measured daily by the Dutch National Meteoro-
logical Institute, list of particles in Table 2 in 
Additional File 3 (Supplemental Material).41 
Furthermore, average daily pollen data is taken 
into account, measured by Elkerliek Hospital and 
Leiden University Medical Center.42,43 Measured 
pollen includes the most common grass, tree, and 

Figure 2.  Schematic overview of the gathered clinical outcomes of the CIRCUS study. Blue text fields indicate baseline diagnostics, 
yellow text fields indicate treatment and green text fields indicate monitoring.

https://journals.sagepub.com/home/tar
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plant pollen in the Netherlands, the comprehen-
sive list is seen in Table 3 in Additional File 3 
(Supplemental Material). Virological data is mea-
sured weekly by the Dutch Working Group on 
Clinical Virology from the Dutch Society for 
Clinical Microbiology and includes the number 
of positive virological tests in the Netherlands.44,45 
The measured virological data includes exposure 
to viruses such as SARS-COV19, Influenza, rhi-
novirus, and RS-virus. A more comprehensive list 
is shown in Table 4 in Additional File 3 (Supple-
mental Material). The weather data, air quality 
data, pollen counts, and virological data will be 
downloaded monthly and stored using MATLAB 
(MATLAB 2023b, The MathWorks Inc, Massa-
chusetts, United States of America).

Interventions
Within the cohort, eHealth interventions can be 
RCT compared to each other and the control 
group. Together with the patient panel, researchers 
select eHealth interventions that show potential for 

improving different aspects of pediatric asthma 
care. Each eHealth intervention undergoes a care-
ful assessment to determine if additional outcomes 
beyond the general CIRCUS outcomes mentioned 
above are necessary. Each of the proposed inter-
ventions undergoes ethical consideration by the 
Medical Research Ethics Committee.

All participants in the cohort will be checked for 
eligibility for each proposed intervention, sche-
matically shown in Figure 1. The sample size cal-
culation will be performed for every intervention 
separately. Minimization randomly allocates eligi-
ble participants to the intervention and control 
group.46 Participants in the intervention group 
are asked for informed consent. Participants in 
the control group are not asked for informed con-
sent as the cohort outcomes are used for compari-
son. The criteria for discontinuing interventions 
and strategies for improving adherence are deter-
mined for each intervention separately. The pro-
tocol of the first intervention can be seen in 
Additional File 4 (Supplemental Material).

Figure 3.  Schematic view of the timing of questionnaires.

https://journals.sagepub.com/home/tar
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Data collection, management, and analysis
The data is electronically collected and code-
based stored in numerical order of inclusion in 
Castor (Castor v2023.4.4.0, Castor, Amsterdam, 
the Netherlands), offering an audit trail. The data 
is stored online on the MST server for a mini-
mum of 15 years after completing the CIRCUS 
cohort. The data management adheres to the 
Dutch Act of Implementation of the General 
Data Protection Regulation and the EU General 
Data Protection Regulation. Only investigators 
involved in designing and deploying the CIRCUS 
protocol can access the collected data.

The observational data analysis consists of assess-
ing the risk factors for loss of asthma control and 
asthma exacerbations, and to discern patient 
groups within the cohort population. The inter-
ventional data analysis consists of assessing the 
long- and short-term effects of multiple eHealth 
interventions tailored to the specific patient groups 
and further modified to the patient’s personalized 
needs. The intervention research questions are 
analyzed using the intention-to-treat principle to 
assess the real-life effect, which is further divided 
into intention-to-treat before and after consent. 
Furthermore, a per-protocol analysis is performed 
to estimate the sole effect of the intervention. The 
patients being offered an intervention are a ran-
dom sample of the 300 participants of the CIRCUS 
study. Therefore, as in true randomization, the 
potential confounding variables should be equally 
distributed among both groups. However, if rele-
vant, we could correct for these potential con-
founding variables retrospectively in the analyses 
as information on these variables is collected.

Data is analyzed using SPSS (IBM SPSS Statistics 
29, IBM, New York, NY, USA). Data is visually 
inspected for normal distribution and results are 
presented as mean ± standard deviation or as 
median ± interquartile range as appropriate. For 
all analyses, significance is set at p < 0.05. Analyses 
of specific interventions will be described for each 
intervention separately. For two-group compari-
sons, a two-sample t-test or Mann–Whitney U test 
is deployed, as appropriate. Pre-post differences 
between the two groups are assessed using a paired 
t-test or Wilcoxon signed rank test, as appropriate. 
Coherence between continuous variables is exam-
ined with the Pearson correlation or the Spearman 
Rank Correlation. When comparing more than 
two groups, Analysis of Variance is used to assess 
normally distributed variables, with Tukey HSD 

for post-hoc analysis. Non-normally distributed 
variables are tested using the Kruskal–Wallis tests, 
followed by Mann–Whitney U tests with Holm-
Bonferroni correction for post-hoc analysis. 
Repeated measurements within or between groups 
over time are assessed using the Mixed Model 
Repeated Measurement or generalized estimating 
equations (GEE). Multivariate linear regression is 
used to assess relationships between continuous 
variables considering potential confounders. 
Logistic regression is executed for binary outcome 
variables. Variables with multi-collinearity > 0.8 
are not used simultaneously.

The researchers distinguish between data missing 
at random and missing not at random. Missing 
at-random data is less likely to significantly influ-
ence findings, depending on its extent, whereas 
missing nonrandom data may introduce bias. To 
address this, baseline characteristics of drop-outs 
and current participants are compared. For anal-
yses involving repeated measures, such as GEE, 
missing data is inherently managed, and imputa-
tion is unnecessary. For other analyses, missing 
data is handled through listwise or pairwise dele-
tion depending on the data type and extent of 
missingness, or by applying multiple imputation 
regression methods. When appropriate, single or 
Bayesian imputation approaches are also consid-
ered to account for missing data.

Monitoring
No data monitoring committee is composed as this 
study does not pose a risk for the participants.

An interim analysis is performed every 2 years 
from the start of the CIRCUS cohort. The interim 
analysis is conducted by the principal investiga-
tor, the coordinating investigator, a pediatrician, 
an epidemiologist, and the patient panel. Analyses 
will include patient perspectives on study burden 
and study relevance, outcomes of interventions 
assessed within the CIRCUS cohort, the amount 
of study drop-out, and whether future research is 
relevant for both patients and researchers.

The study can be halted anytime in the process if 
it hurts the participant’s health or safety. The 
medical research ethics committee is notified and 
decides on study continuation. Since participa-
tion in this observation cohort does not result in 
extra risks for participants, (serious) adverse 
advents are not reported.

https://journals.sagepub.com/home/tar
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An independent study monitor will check the  
eligibility of participants, informed consent,  
protocol compliance, and overall integrality of 
gathered data.

Discussion
This research can provide insight into the effects 
of multiple (eHealth) interventions on pediatric 
asthma patients’ short- and long-term clinical and 
patient-reported outcomes. Furthermore, it can 
improve knowledge of the risk factors for asthma 
exacerbations. This research produces an exten-
sive database and therefore provides an opportu-
nity to discern risk factors for predicting the loss 
of asthma control. In future studies, this database 
further provides opportunities to develop AI 
models for pattern analysis, enabling the predic-
tion of asthma symptoms.47 Moreover, this 
research can iteratively contribute to the improve-
ment of current asthma care and allow for better 
asthma management.

In the literature, cmRCTs are employed in multi-
ple applications; interventions for breast cancer,48 
clinical effects and cost-effectiveness of podiatry 
interventions,49 risk factors and impacts of COVID-
19,50 factors influencing care and outcomes in dia-
betes mellitus type 2,51 early life interventions,52 
and interventions for small renal masses.53 The 
CIRCUS study’s aims align with most of the litera-
ture’s application by evaluating (eHealth) interven-
tions, assessing risk factors for asthma exacerbations, 
and evaluating factors influencing pediatric asthma 
(care). The number of included participants in 
cmRCT varies heavily from 50000 in the BIBBS 
study52 to 200 in the NEST study53 with the num-
ber of participants in the CIRCUS study on the 
lower end of the range. However, the number of 
participants equals 30% of the pediatric asthma 
population, therefore considered sufficient. All 
cmRCT studies in the literature use patient-
reported outcomes.48–53 The ABCD cmRCT addi-
tionally gathers healthcare utilization51 and the 
UMBRELLA cmRCT gathers clinical outcomes.48 
The CIRCUS study is unique in its multi-extensive 
outcome lists combining patient-reported out-
comes with healthcare utilization data, environ-
mental outcomes, and clinical outcomes from the 
medical patient file. Notably, this study fills a sig-
nificant research gap by providing a comprehensive 
perspective on outcomes, which is essential for a 
thorough understanding of the interventions’ effec-
tiveness. The follow-up periods vary greatly, from 1 

year in the REFORM study49 to 11 years in the 
BIBBS study.52 The CIRCUS study is similar to 
the BIBBS study with a maximum follow-up period 
of 14 years as they both have a specific focus on the 
pediatric age range. Patient participation was pro-
moted using informing patients about study 
results,48 establishing an advisory group made up of 
community representatives that aids in study 
design, and recruitment, and providing feedback,52 
and monthly webinars.50 Similarly, the CIRCUS 
study aims to minimize drop-out rates, which are 
greater in cohort studies, through the use of news-
letters, keeping the study burden at a minimum, 
and establishing the patient panel. These attempts 
to minimize the drop-out rate can be seen in the 
results of the UMBRELLA study which reported a 
67% questionnaire participation rate48 and in the 
COVIDENCE study with 8% for study 
withdrawal.50

This research’s strengths include its extensive 
cohort of pediatric asthma patients, which pro-
vides a robust dataset for a comprehensive analy-
sis of asthma risk factors over both short- and 
long-term periods and throughout multiple stages 
of development and puberty. Notably, this study 
uniquely combines the assessment of intervention 
effects, healthcare utilization, and asthma out-
comes. This approach opposes a tendency in 
existing research to focus on only one domain of 
eHealth interventions, as highlighted in the scop-
ing review by Van der Kamp et al.20 Furthermore, 
this cmRCT design not only ensures a thorough 
examination of multiple interventions but also 
enables meaningful comparisons between inter-
ventions and with a control group. The cmRCT 
design assumes that all participants would want 
to participate in the intervention. This limitation 
of the design is addressed by estimating the inter-
vention perception by evaluating proposed inter-
ventions with the patient panel. A strength of this 
study is the intention-to-treat analysis that 
assesses the real-life effect of the interventions, 
which is common in cmRCT studies, as high-
lighted in the review by Narzari et al.27 This real-
life effect could be influenced by a high percentage 
of participants not wanting to join the interven-
tion. This influence can be seen in the difference 
between the intention to treat analysis and the 
per-protocol analysis. However, this influence is 
constrained by a minimum intervention partici-
pation rate of 70%. The intervention will only 
proceed if the minimum participation rate is 
achieved. Furthermore, this protocol is now 
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employed in a mono-center study, but its design 
allows for a future expansion to a multicenter 
study. The HLS and CSQ-4 questionnaires are 
not yet validated for children. To address this 
limitation, we counteract it by having the parents 
complete the questionnaires, for whom the ques-
tionnaires have been validated.

The patient's interests are aligned with this research, 
as active involvement is emphasized through the 
patient panel. Close engagement in research can 
enhance the patient’s knowledge, confidence, and 
personal support in navigating the challenges of 
their illness.30 Moreover, patient participation can 
improve further trust in future care, gain knowl-
edge about research processes, and establish a 
social network.30,54 Increased involvement in 
research is viewed as a valuable incentive to partici-
pate more regularly in treatments, which, in turn, 
can enhance asthma patients’ overall health.30

Conclusion
The outcomes of the CIRCUS study could con-
tribute significantly to the future landscape of 
pediatric asthma healthcare. Researchers, clini-
cians, and the technology industry could gain 
valuable insight into identifying effective eHealth 
solutions. Furthermore, the unique design of this 
cmRCT study allows a high impact on future 
asthma care as the effectiveness of interventions 
can be related to health care use, general asthma 
outcomes, quality of life, and quality of care.

In conclusion, this research will gather observa-
tional, clinical, and patient-reported data to pro-
vide insight into risk factors in asthma management 
and into eHealth interventions’ short- and long-
term effects to ultimately improve pediatric 
asthma care.

Authors’ note
This manuscript has been preprinted at Research 
Square and can be accessed at: https://doi.
org/10.21203/rs.3.rs-4252066/v1.

Declarations

Ethics approval and consent to participate
This study was ethically approved by the Medical 
Research Ethics Committee (NL85668.100.23) 
on February 15th, 2024 for CIRCUS protocol 

3.0 of February 2nd, 2024. Informed signed con-
sent statements will be obtained from all partici-
pants before inclusion by the principal or 
coordinating investigator. Both parents also sign 
informed consent statements depending on the 
participant’s age. When adjusting the protocol of 
the CIRCUS cohort in any way, an amendment 
will be submitted to the medical research ethics 
committee for approval. All participants will be 
notified of changes to the protocol. Furthermore, 
proposed interventions performed within the 
CIRCUS cohort will be submitted separately to 
the medical research ethics committee for ethical 
approval before implementation through amend-
ment protocols. Informed signed consent will be 
obtained for all participants approached for inter-
ventions within the CIRCUS cohort.

Consent for publication
Not applicable.

Author contributions
Tamara Ruuls: Conceptualization; Methodo
logy; Writing – original draft; Writing – review & 
editing.

Romi Sprengers: Conceptualization; Methodo
logy; Writing – review & editing.

Vera Hengeveld: Conceptualization; Methodo

logy; Writing – review & editing.

Boony Thio: Conceptualization; Methodology; 
Writing – review & editing.

Monique Tabak: Writing – review & editing.

Deborah Zagers: Methodology; Writing – 
review & editing.

Job van der Palen: Conceptualization; Methodo
logy; Writing – review & editing.

Mattiènne van der Kamp: Conceptualization; 
Methodology; Supervision; Writing – review & 
editing.

Acknowledgements
We thank the Dutch Working Group on Clinical 
Virology from the Dutch Society for Clinical 
Microbiology (NVMM) and all participating lab-
oratories for providing the virological data from 
the weekly Sentinel Surveillance system.

Funding
The authors disclosed receipt of the following 
financial support for the research, authorship, 

https://journals.sagepub.com/home/tar
https://doi.org/10.21203/rs.3.rs-4252066/v1
https://doi.org/10.21203/rs.3.rs-4252066/v1


Volume 19

12	 journals.sagepub.com/home/tar

Therapeutic Advances in 
Respiratory Disease

and/or publication of this article: The Reggeborgh 
Foundation supports this research by providing a 
unique Reggeborgh Research Fellowship for 
researcher MvdK. Reggeborgh Foundation sup-
ports, among other things, medical scientific 
research, sporting activities, charities, and local 
initiatives that contribute to social well-being. 
The Reggeborgh Foundation is not the clinical 
trial sponsor for this research, has no direct inter-
est in patient care or this research, and has no 
involvement in the research.

Competing interests
The authors declare that there is no conflict of 
interest.

Availability of data and materials
Not applicable.

ORCID iDs
Tamara Ruuls  https://orcid.org/0009-0004- 
6856-8468

Vera Hengeveld  https://orcid.org/0000-0001- 
6691-3548

Deborah Zagers  https://orcid.org/0009-0002- 
8710-0102

Job van der Palen  https://orcid.org/0000- 
0003-1071-6769

Mattiènne van der Kamp  https://orcid.
org/0000-0003-3053-2342

Supplemental material
Supplemental material for this article is available 
online.

References
	 1.	 Vanhommerig J, Poos M, Gommer AM, et al. 

Asthma 2022, https://www.vzinfo.nl/astma (2022, 
accessed 4 January 2024).

	 2.	 Devonshire AL and Kumar R. Pediatric asthma: 
principles and treatment. Allergy Asthma Proc 
2019; 40: 389–392.

	 3.	 Reddel HK, Bacharier LB, Bateman ED, et al. 
Global initiative for asthma strategy 2021: 
executive summary and rationale for key changes. 
J Allergy Clin Immunol Pract 2022; 10: S1–S18.

	 4.	 Weerdt AC de, Gouwens S, Koopmanschap MA, 
et al. Astma – Healthcare Expenditure 2022, 
https://www.vzinfo.Nl/astma/zorguitgaven (2022, 
accessed 4 January 2024). 

	 5.	 GINA. Global initiative for asthma (GINA) 
Global strategy for asthma management and 
prevention, 2024. http://www.ginasthma.org/ 
(2024, accessed 1 August 2024).

	 6.	 Pike KC, Levy ML, Moreiras J, et al. Managing 
problematic severe asthma: beyond the 
guidelines. Arch Dis Child 2018; 103: 392–397.

	 7.	 Liu AH, Gilsenan AW, Stanford RH, et al. 
Status of asthma control in pediatric primary 
care: results from the pediatric asthma control 
characteristics and prevalence survey study 
(ACCESS). J Pediatr 2010; 157: 276–281.e3.

	 8.	 van der Kamp M, Hartgerink PR, Driessen 
J, et al. Feasibility, efficacy, and efficiency of 
ehealth-supported pediatric asthma care: six-
month quasi-experimental single-arm pretest-
posttest study. JMIR Form Res 2021; 5: e24634.

	 9.	 Koster ES, Raaijmakers JAM, Vijverberg SJH, 
et al. Asthma symptoms in pediatric patients: 
Differences throughout the seasons. J Asthma 
2011; 48: 694–700.

	10.	 Douros K. Blunted perception of dyspnea 
in asthmatic children: a potential misleading 
criterion. World J Clin Pediatr 2015; 4: 38.

	11.	 Ramsahai JM, Hansbro PM and Wark PAB. 
Mechanisms and management of asthma 
exacerbations. Am J Respir Crit Care Med 2019; 
199: 423–432.

	12.	 Chan DS, Callahan CW, Hatch-Pigott VB, et al. 
Internet-based home monitoring and education 
of children with asthma is comparable to ideal 
office-based care: results of a 1-year asthma 
in-home monitoring trial. Pediatrics 2007; 119: 
569–578.

	13.	 Krishna S, Francisco BD, Andrew Balas E, et al. 
Internet-enabled interactive multimedia asthma 
education program: a randomized trial. Pediatrics 
2003; 111: 503–510.

	14.	 Wen TN, Lin HC, Yeh KW, et al. Effectiveness 
of easthmacare on symptoms, childhood asthma 
control test, and lung function among asthmatic 
children. J Med Syst 2022; 46: 71.

	15.	 Wiecha JM, Adams WG, Rybin D, et al. 
Evaluation of a web-based asthma self-
management system: a randomised controlled 
pilot trial. BMC Pulm Med 2015; 15: 17.

	16.	 Ramsey RR, Plevinsky JM, Kollin SR, et al. 
Systematic review of digital interventions for 
pediatric asthma management. J Allergy Clin 
Immunol Pract 2020; 8: 1284–1293.

	17.	 Nkoy FL, Fassl BA, Wilkins VL, et al. 
Ambulatory management of childhood asthma 

https://journals.sagepub.com/home/tar
https://orcid.org/0009-0004-6856-8468
https://orcid.org/0009-0004-6856-8468
https://orcid.org/0000-0001-6691-3548
https://orcid.org/0000-0001-6691-3548
https://orcid.org/0009-0002-8710-0102
https://orcid.org/0009-0002-8710-0102
https://orcid.org/0000-0003-1071-6769
https://orcid.org/0000-0003-1071-6769
https://orcid.org/0000-0003-3053-2342
https://orcid.org/0000-0003-3053-2342
https://www.vzinfo.nl/astma
https://www.vzinfo.nl/astma
http://www.ginasthma.org/


T Ruuls, R Sprengers et al.

journals.sagepub.com/home/tar	 13

using a novel self-management application. 
Pediatrics 2019; 143: e20181711.

	18.	 Moeinedin F, Moineddin R, Jadad AR, et al. 
Application of biomedical informatics to chronic 
pediatric diseases: a systematic review. BMC Med 
Inform Decis Mak 2009; 9: 22.

	19.	 Lv S, Ye X, Wang Z, et al. A randomized 
controlled trial of a mobile application-assisted 
nurse-led model used to improve treatment 
outcomes in children with asthma. J Adv Nurs 
2019; 75: 3058–3067.

	20.	 van der Kamp MR, Hengeveld VS, Brusse-Keizer 
MGJ, et al. eHealth technologies for monitoring 
pediatric asthma at home: scoping review. J Med 
Internet Res 2023; 25: e45896.

	21.	 Saturni S, Bellini F, Braido F, et al. Randomized 
controlled trials and real life studies. Approaches 
and methodologies: a clinical point of view. Pulm 
Pharmacol Ther 2014; 27: 129–138.

	22.	 Cook JA, Elders A, Boachie C, et al. A 
systematic review of the use of an expertise-based 
randomised controlled trial design. Trials 2015; 
16: 1–10.

	23.	 Bass EJ, Klimowska-Nassar N, Sasikaran T, et al. 
PROState pathway embedded comparative trial: 
The IP3-PROSPECT study. Contemp Clin Trials 
2021; 107: 106485.

	24.	 van der Velden JM, Verkooijen HM, Ayoung-
Afat D, et al. The cohort multiple randomized 
controlled trial design: a valid and efficient 
alternative to pragmatic trials? Int J Epidemiol 
2017; 46: 96–102.

	25.	 Relton C, Torgerson D, O’Cathain A, et al. 
Rethinking pragmatic randomised controlled 
trials: Introducing the “cohort multiple 
randomised controlled trial” design. BMJ 2010; 
340: 963–967.

	26.	 Reeves D, Howells K, Sidaway M, et al. The 
cohort multiple randomized controlled trial 
design was found to be highly susceptible to low 
statistical power and internal validity biases. J 
Clin Epidemiol 2018; 95: 111–119.

	27.	 Narzari H, Nilima N, Vishnu VY, et al. A 
systematic review of the statistical methods 
adopted for analyzing follow-up data in cohort 
multiple randomized controlled trial. Cureus 
2024; 16: e51558.

	28.	 Chan AW, Tetzlaff JM, Altman DG, et al. 
SPIRIT 2013 statement: defining standard 
protocol items for clinical trials. Ann Intern Med 
2013; 158: 200–207.

	29.	 Butcher NJ, Monsour A, Mew EJ, et al. 
Guidelines for reporting outcomes in trial 
protocols: The SPIRIT-outcomes 2022 
extension. JAMA 2022; 328: 2345–2356.

	30.	 Bird M, Ouellette C, Whitmore C, et al. 
Preparing for patient partnership: A scoping 
review of patient partner engagement and 
evaluation in research. Heal Expect 2020; 23: 
523–39.

	31.	 Hengeveld VS, van der Kamp MR, Thio BJ, et al. 
The need for testing—the exercise challenge test 
to disentangle causes of childhood exertional 
dyspnea. Front Pediatr 2022; 9: 1–7.

	32.	 Lammers N, van Hoesel MHT, van der Kamp 
M, et al. The Visual Analog Scale detects 
exercise-induced bronchoconstriction in children 
with asthma. J Asthma 2020; 57: 1347–1353.

	33.	 Altman MC, Kattan M, O’Connor GT, et al. 
Associations between outdoor air pollutants 
and non-viral asthma exacerbations and 
airway inflammatory responses in children and 
adolescents living in urban areas in the USA: a 
retrospective secondary analysis. Lancet Planet 
Heal 2023; 7: e33–e44.

	34.	 Liu AH, Zeiger R, Sorkness C, et al. 
Development and cross-sectional validation of 
the Childhood Asthma Control Test. J Allergy 
Clin Immunol 2007; 119: 817–825. https://doi.
org/10.1016/j.jaci.2006.12.662.

	35.	 Juniper EF, Guyatt GH, Feeny DH, et al. 
Measuring quality of life in children with asthma. 
Qual Life Res 1996; 5: 35–46. https://doi.
org/10.1007/BF00435967.

	36.	 Raat H, Bueving HJ, de Jongste JC, et al. 
Responsiveness, longitudinal- and cross-sectional 
construct validity of the Pediatric Asthma Quality 
of Life Questionnaire (PAQLQ) in Dutch 
children with asthma. Qual Life Res 2005; 14: 
265–272.

	37.	 Storms H, Claes N, Aertgeerts B, et al. 
Measuring health literacy among low literate 
people: an exploratory feasibility study with the 
HLS-EU questionnaire. BMC Public Health 2017; 
17: 1–10.

	38.	 Pedersen H, Skliarova T, Attkisson CC, et al. 
Measuring patient satisfaction with four items: 
validity of the client satisfaction questionnaire 
4 in an outpatient population. BMC Psychiatry 
2023; 23: 1–8.

	39.	 Rademakers J, Nijman J, Van Der Hoek L, et al. 
Measuring patient activation in the Netherlands: 
translation and validation of the American short 

https://journals.sagepub.com/home/tar
https://doi.org/10.1016/j.jaci.2006.12.662
https://doi.org/10.1016/j.jaci.2006.12.662
https://doi.org/10.1007/BF00435967
https://doi.org/10.1007/BF00435967


Volume 19

14	 journals.sagepub.com/home/tar

Therapeutic Advances in 
Respiratory Disease

form patient activation measure (PAM13). BMC 
Public Health 2012; 12: 1–7.

	40.	 KNMI. Daily Measures of Weather Stations. 
Dagwaarden van Weerstations 2022. https://www.
daggegevens.knmi.nl/klimatologie/daggegevens 
(2022, accessed 7 March 2024).

	41.	 RIVM. Air Quality Measurement Dataset 2023. 
https://data.rivm.nl/data/luchtmeetnet/ (2023, 
accessed 18 January 2024).

	42.	 Elkerliek. Pollen counts n.d. https://www.
elkerliek.nl/elkerliek/hooikoorts/pollentellingen 
(accessed January 9, 2024).

	43.	 LUMC. Pollen and Hay Fever n.d. https://www.
lumc.nl/patientenzorg/specialistische-centra/
hart-long-centrum/voor-patienten/pollen-en-
hooikoorts/ (2024, accessed 9 January 2024). 

	44.	 NVMO. Dutch Association for Medical 
Microbiology 2012:1, https://www.nvmm.nl/ 
(2024, accessed 16 July 2024).

	45.	 RIVM. Recent Viral Measurements 2024, https://
www.rivm.nl/documenten/recenteviruitslagen27w 
(accessed 16 July 2024).

	46.	 Altman DG and Bland JM. Treatment allocation 
by minimisation. BMJ 2005; 330: 843.

	47.	 Ekpo RH, Osamor VC, Azeta AA, et al. Machine 
learning classification approach for asthma 
prediction models in children. Health Technol 
(Berl) 2023; 13: 1–10.

	48.	 Young-Afat DA, van Gils CH, van den 
Bongard HJGD, et al. The Utrecht cohort for 
Multiple BREast cancer intervention studies 

and Long-term evaLuAtion (UMBRELLA): 
objectives, design, and baseline results. Breast 
Cancer Res Treat 2017; 164: 445–450.

	49.	 Cockayne S, Adamson J, Martin BC, et al. The 
REFORM study protocol: A cohort randomised 
controlled trial of a multifaceted podiatry 
intervention for the prevention of falls in older 
people. BMJ Open 2014; 4: e006977.

	50.	 Holt H, Relton C, Talaei M, et al. Cohort 
Profile: Longitudinal population-based study of 
COVID-19 in UK adults (COVIDENCE UK). 
Int J Epidemiol 2023; 52: E46–E56.

	51.	 Al Sayah F, Majumdar SR, Soprovich A, 
et al. The Alberta’s Caring for Diabetes 
(ABCD) Study: rationale, design and baseline 
characteristics of a prospective cohort of adults 
with type 2 diabetes. Can J Diabetes 2015; 39: 
S113–S119.

	52.	 Dickerson J, Bird PK, McEachan RRC, et al. 
Born in Bradford’s Better Start: An experimental 
birth cohort study to evaluate the impact of early 
life interventions. BMC Public Health 2016; 16: 
1–14.

	53.	 Neves JB, Cullen D, Grant L, et al. Protocol 
for a feasibility study of a cohort embedded 
randomised controlled trial comparing NE phron 
S paring T reatment (NEST) for small renal 
masses. BMJ Open 2019; 9: e030965.

	54.	 Malterud K and Elvbakken KT. Patients 
participating as co-researchers in health research: 
a systematic review of outcomes and experiences. 
Scand J Public Health 2020; 48: 617–628.

Visit Sage journals online 
journals.sagepub.com/
home/tar

 Sage journals

https://journals.sagepub.com/home/tar
https://www.daggegevens.knmi.nl/klimatologie/daggegevens
https://www.daggegevens.knmi.nl/klimatologie/daggegevens
https://data.rivm.nl/data/luchtmeetnet/
https://www.elkerliek.nl/elkerliek/hooikoorts/pollentellingen
https://www.elkerliek.nl/elkerliek/hooikoorts/pollentellingen
https://www.lumc.nl/patientenzorg/specialistische-centra/hart-long-centrum/voor-patienten/pollen-en-hooikoorts/
https://www.lumc.nl/patientenzorg/specialistische-centra/hart-long-centrum/voor-patienten/pollen-en-hooikoorts/
https://www.lumc.nl/patientenzorg/specialistische-centra/hart-long-centrum/voor-patienten/pollen-en-hooikoorts/
https://www.lumc.nl/patientenzorg/specialistische-centra/hart-long-centrum/voor-patienten/pollen-en-hooikoorts/
https://www.nvmm.nl/
https://www.rivm.nl/documenten/recenteviruitslagen27w
https://www.rivm.nl/documenten/recenteviruitslagen27w
https://journals.sagepub.com/home/tar
https://journals.sagepub.com/home/tar

