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Introduction: Physical activity is associated with many physiological and psychological

health benefits across the lifespan. Children with a chronic disease often have lower levels

of daily physical activity, and a decreased exercise capacity compared to healthy peers.

In order to learn more about limitations for physical activity, we investigate children with

four different chronic diseases: children with a Fontan circulation, children with Broncho

Pulmonary Dysplasia (BPD), Pompe disease and inflammatory bowel disease (IBD). Each

of these diseases is likely to interfere with physical activity in a different way. Knowing

the specific limitations for physical activity would make it possible to target these, and

increase physical activity by a personalized intervention. The aim of this study is to

first investigate limitations for physical activity in children with various chronic diseases.

Secondly, to measure the effects of a tailored exercise intervention, possibly including

a personalized dietary advice and/or psychological counseling, on exercise capacity,

endurance, quality of life, fatigue, fear for exercise, safety, muscle strength, physical

activity levels, energy balance, and body composition.

Methods and Analysis: This randomized crossover trial will aim to include 72

children, aged 6–18 years, with one of the following diagnosis: a Fontan circulation,

BPD, Pompe disease and IBD. Eligible patients will participate in the 12-week tailored

exercise intervention and are either randomized to start with a control period or start
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with the intervention. The tailored 12-week exercise interventions, possibly including a

personalized dietary advice and/or psychological counseling, will be designed based

on the found limitations for physical activity in each disease group during baseline

measurements by the Rotterdam Exercise Team. Effects of the tailored training

interventions will be measured on the following endpoints: exercise capacity (measured

by cardiopulmonary exercise test), endurance, physical activity levels, muscle strength,

quality of life, fatigue, fear for exercise, disease activity, cardiac function (in children with

a Fontan circulation), energy balance, and body composition.

Ethics and Dissemination: Conducted according to the Declaration of Helsinki and

Good Clinical Practice. Medical-ethical approval was obtained.

Trial Registration Number: NL8181, https://www.trialregister.nl/trial/8181.

Keywords: physical exercise, Broncho Pulmonary Dysplasia, inflammatory bowel disease, Fontan—total

cavopulmonary, lifestyle intervention, Pompe disease, physical activity, pediatrics

INTRODUCTION

Physical activity is of vital importance for the healthy
development of children (1, 2). It is associated with many
physiological and psychological health benefits across the
lifespan. Many children with a chronic disease have lower levels
of daily physical activity and lower exercise capacity compared
to healthy peers (1). Children with a chronic disease may
face obstacles that negatively impact physical activity or sports
participation (3, 4). Some conditions may directly influence
exercise capacity causing a circulatory, ventilator or peripheral

limitation, where others may influence physical activity indirectly

due to disease related symptoms like fatigue, dyspnea, diarrhea
etc. Even more, sometimes parents are scared to let their sick

child participate in sports activities (3). In order to unravel the
influence of these burdens on physical activity, we investigate

children with four different chronic diseases: children with a
Fontan circulation, children with Broncho Pulmonary Dysplasia
(BPD), Pompe disease and inflammatory bowel disease (IBD),
which all are likely to interfere with physical activity in a different
way. Knowing the specific limitations for physical activity might
make it possible to target these limitations, and increase physical
activity by a tailored intervention. Conceivably, leading to a
positive impact on both physiological and psychological health
in these children.

Cardiovascular diseases may directly impact exercise capacity
causing a circulatory limitation. In children, congenital heart
defects are the most frequent type of cardiovascular disease (5).
Children with a severe congenital heart defect (like two of the
most common: Tetralogy of Fallot or an univentriculair heart)
often have impaired exercise capacity and are less physically
active compared to healthy peers (5, 6). Several studies have
investigated effects of aerobic exercise training in these children,
in order to increase exercise capacity and quality of life (7).
Duppen et al. showed beneficial effects of aerobic exercise
training in children with a Tetralogy of Fallot, but not in
children with an univentricular heart threated with a Fontan
procedure (6). Strength training, focusing on lower limbs, has
been suggested to be more effective in patients with a Fontan

circulation due to their different physiology compared to those
with a normal (biventricular) heart (8). Despite a very small
study in adult patients, this kind of training has never been
researched before.

Pulmonary diseases are likely to influence exercise capacity
by ventilatory limitation (9). BPD is a common respiratory
complication of preterm born children and associated with
long-term respiratory problems, including a decreased lung
function and decreased exercise capacity (9). Adult survivors
with BPD have lower sports participation and physical activity
levels compared to healthy peers (10). Although physical
exercise training has been proven very effective in various
other chronic lung diseases as cystic fibrosis in children and
COPD in adults, only one study exists investigating effects
of a 4-week exercise program in patients with BPD (11,
12). After 4 weeks lung function improved in these children.
However the mechanism of impact on exercise capacity remains
unclear, since exercise capacity was not measured in this
small study.

Musculoskeletal disorders might cause a peripheral limitation
directly influencing exercise capacity. Pompe disease is a
lysosomal storage disease caused by a deficiency of the enzyme
acid-α-glucosidase, causing a progressive generalized myopathy
(13). Treatment with enzyme replacement therapy (ERT) has
shown to improve motor function and survival. Despite ERT
treatment, many Pompe disease patients eventually become
ventilator or wheelchair dependent. It is known that patients
with Pompe disease has a decreased exercise capacity which is
not caused by impaired skeletal muscle glycogenetic capacity but
rather by muscle weakness and wasting (14). A study by van den
Berg et al. published in 2015 showed that exercise training in
adult patients with late onset Pompe disease might be a safe and
effective adjuvant therapy for ERT (15). Research investigating
physical training in pediatric Pompe disease patients, and
specifically the more severe form Classic Infantile Pompe disease,
has not been done before.

Inflammatory bowel disease (IBD), including both ulcerative
colitis (UC) and Crohn’s disease (CD), is a chronic inflammatory
diseases of the gastrointestinal tract, and is one of the
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most common auto-immune diseases in children (16). IBD is
characterized by periods of remission punctuated with relapse.
Current standard of care for pediatric IBD patients includes
a combination of pharmacotherapy, nutritional support or
treatment, and in some cases surgical intervention (17). Despite
treatment options, quality of life often remains reduced in
children with IBD compared to healthy peers (18). Also, previous
studies showed that patients with IBD often have reduced levels
of physical activity and a lower exercise capacity compared to
peers (19). IBD patients often experience barriers to exercise
due to IBD related symptoms such as fatigue, diarrhea and even
fear of symptom exacerbation. Evidence supporting that exercise
can improve the course of various auto-immune diseases in
adult patients is growing (20). An explanation is that physical
activity promotes the release of IL-6 from muscles, a myokine
possibly causing ant-inflammatory responses. Small studies in
adult IBD patients have shown positive effects of exercise with
reports of increased exercise capacity, improved fatigue and
quality of life and even positive effects on the clinical course of
disease (21). Studies investigating the effects of physical activity
on inflammation, physical and psychological health in children
with IBD and other auto-immune diseases are very limited.

The aim of the exercise study is first to investigate whether
children with these chronic diseases are limited in their physical
functioning and to unravel the disease specific burden to
physical activity. Secondly, to measure the effects of a tailored
exercise intervention (possibly including dietary advice and/or
psychological counseling) on exercise capacity, endurance,
quality of life, fatigue, fear for exercise, safety, muscle strength,
physical activity levels, energy balance, and body composition.

METHODS AND ANALYSIS

Study Design
This study is a prospective single-center randomized cross-over
controlled trial. Eligible patients will participate in the 12-week
tailored exercise intervention and are either randomized to start
with a control period or start with the intervention. The tailored
12-week exercise interventions will be designed based on the
found limitations for physical activity in each disease group
during baseline measurements and previously published studies.
Effects of the tailored exercise interventions will be measured
on the following endpoints: exercise capacity (measured by
cardiopulmonary exercise test), endurance, physical activity
levels, muscle strength, quality of life, fatigue, fear for exercise,
disease activity, cardiac function (in children with a Fontan
circulation), energy balance, and body composition. Figure 1
shows the study design, visits, and measurements. The study
includes two identical visits and a follow-up moment for group
A and three identical visits for group B. Each visit consists of
two assessment days with at least 3 days and maximal 7 days in
between. All measurements will take place at the Erasmus MC—
Sophia Children’s hospital, the Netherlands. The study will be
performed in accordance with the Declaration of Helsinki. It was
approved by the local Ethics Committee of Erasmus MCMedical
Centre (NL.70912.078.19) and registered at www.trialregister.nl
as Trial NL8181.

Study Population
In total 72 children will be included in this trial. Children were
eligible for inclusion when aged 6–18 years old and diagnosed
with one of the following four diseases:

1. Fontan circulation: Patients with a proven univentricular
heart using echocardiogram who underwent the
Fontan procedure.

2. BPD: Children had to have (1) persistent oxygen demand
and/or by means of an oxygen reduction test and (2)
abnormalities (hyperinflation, fine reticular lung image and/or
atelectasis) on the X-ray of the lungs in a newborn in what
would have been week 36 of pregnancy.

3. Pompe disease: Confirmed deficiency of α-glucosidase
in leucocytes or lymphocytes, fibroblasts or muscle
and/or two pathogenic GAA variants in trans
(www.pompevariantdatabase.nl) (22).

4. IBD: Confirmed by ileocoloscopy and
esophagogastroduodenoscopy with histology on multiple
mucosal biopsies.

Exclusion criteria were:

1. Children < 120 cm, as the cardiopulmonary exercise test
cannot be executed.

2. Physical inability to perform a cardiopulmonary exercise
test (CPET).

3. Participation in organized exercise training programs in a
research setting.

4. Medical contra-indications for exercise.

Randomization
Randomization will be performed in blocks of 4,6 using Castor.
All children will be randomized in group A or group B. Group A
will start with the tailored intervention after a control period of
6 weeks. Group B will start the tailored intervention immediately
after the first measurement moment. Group A serves as controls
for the whole group (with a 2:1 ratio) as group A does not have a
washout period. Blinding of participants and physiotherapists to
allocation is not possible due to the nature of the intervention.

Sample Size Calculation
The power calculation is based on the primary study outcome of
change in peak VO2 after the tailored intervention. As reported
peak VO2 in literature is different for every patient group, the
group size needed to observe an increase in peak VO2 of at least
5%, which is clinically relevant, is different for each diagnose.

Fontan group size calculation: Previous studies show that
children with a single-chamber heart have a Peak VO2 of 27
ml/kg/min (23). The difference of a 5% increase in Peak VO2

can be observed with a power of 80% and an alpha of 0.05 in 21
children with a unicameral heart assuming a standard deviation
of 2.19 VO2/kg (24).

BPD Group Size Calculation: Average children with BPD have
a VO2max of 39 ml/kg/min (25). An improvement in VO2max

of at least 5% is considered clinically relevant. The difference of
an increase in VO2max of 5% can be observed with a power of
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FIGURE 1 | Study design, visits, and measurements. PCDAI, Pediatric Crohn’s Disease Activity Index; PUCAI, Pediatric Ulcerative Colitis Activity Index; CPET,

cardiopulmonary exercise testing; PedsQol, pediatric quality of life questionnaire; MFS, multifatigue scale; CR and PR, child and parent reports; CHQ, child health

questionnaire; 6MWT, 6-minute walking test; BODPOD, body composition measurement; MRI, magnetic resonance imaging; IBD, inflammatory bowel disease; STST,

sit to stand test; QMFT, quality motor function test.

80% and an alpha of 0.05 in a sample of 10 children with BPD,
assuming a standard deviation of 2.19 VO2/kg (24).

Pompe Group Size Calculation: The only previous study
investigating exercise capacity in children with Pompe disease
includes five patients and shows that children with Pompe have a
PeakVO2 between 11.1 and 40.2 ml/kg/min, with a 75%ile of 37.7
ml/kg/min (14). We have chosen to use the 75%ile to calculate
the group size, as we think this value of PeakVO2 is closest
to the PeakVO2 of our own Pompe children population. An
improvement in PeakVO2 of at least 5% is considered clinically
relevant. The difference of a 5% increase in PeakVO2 can be
observed with a power of 80% and an alpha of 0.05 at a number
of 10 children with Pompe disease assuming a standard deviation
of 2.19 VO2/kg (24).

IBD Group Size Calculation: In previous studies, untrained
children with IBD had an average peak VO2 of 36 ml/kg/min
(19). Twelve IBD patients will be needed in order to observe an
increase in peak VO2 of at least 5%, which is clinically relevant,
with a power of 80% and an alpha of 0.05 based on a standard
deviation of 2.19 VO2/kg (24).

Anticipated on a dropout rate of 30–40% at 16 patients with
IBD, 14 patients with Pompe disease, 28 patients with a Fontan
circulation and 14 patient with PBD will be included.

Intervention
The tailored 12-week exercise interventions, possibly
including a personalized diet advice or/and psychological
counseling, will be designed based on the results of the
baseline measurements for each disease group. Figure 2

shows this process and the content of the tailored exercise
intervention. In order to design the tailored intervention

a multidisciplinary team (the Rotterdam Exercise Team),
consisting of a sports physician, treating medical doctor,
physiotherapist, psychologist, dietician and the investigator
(LES) will compare baseline outcomes for each disease group
to normal values of healthy peers in order to find possible
limitations to physical activity. Based on these findings, the most
fitting tailored intervention will be designed by the Rotterdam
Exercise Team.

All children will participate in two or three supervised training
sessions a week for 12 consecutive weeks. The most fitting form
of physical exercise will be determined based on the consult with
the sports physician in combination with the outcomes of the
Maximal CPET,muscle strengthmeasurements and core-stability
measurements and measured maximal inspiratory pressure.
Naturally, all previously published studies regarding exercise
in the specific disease group will be taken in consideration
when designing the tailored exercise intervention. When, for
example, a certain training type has already been proven to be
ineffective, this type of training will not be added to our tailored
exercise intervention.

If a patient group shows a decreased PeakVO2 of <80% of
predicted during baseline measurements, personalized aerobic
training will be added to the exercise intervention consisting
of 3 training sessions a week in heartrate zones: 2 (80–90% of
HR at VT2) for 20 mins, 3 (90–95% of HR at VT2) for 3 ×

5 mins and 4 (95–100% of HR at VT2) for 5 × 2 mins. If a
patient group does not show a decreased PeakVO2 of <80% of
predicted, personalized HIIT in heartrate zones 4 (95–100% of
HR at VT2) and 5 (>100% of HR at VT2) will be added to the
tailored intervention. Depending on measured muscle strength
of the patient groups during the baseline measurements, muscle
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FIGURE 2 | Design process and content of the tailored exercise intervention. MIP, Maximal inspiratory pressure; min, minutes; HIIT, high intensity interval training; HR,

heart rate; VT2, ventilatory anaerobic threshold; REE, rest energy expenditure; kg, kilograms.

endurance exercises, high weight resistance exercises or body-
weight and flexibility exercises, will be added to the program.

When a patient group shows decreased MIP (<80% of
predicted), inspiratory muscle training (IMT) will be added
using a Philips threshold IMT device following the previously
published clinical guidelines of Hill et al. (26). Training will be
given under supervision of a physiotherapist at a practice close
to the children’s homes. A researcher from the Erasmus MC—
Sophia Children’s Hospital will supervise all first training sessions
and visit a training session of each patient every other week
to monitor uniform execution of the tailored interventions. In
addition, patients will be telephoned weekly to evaluate training
progress (and if added, the dietary advice and psychological
counseling) and assure compliance.

In addition to the physical training a personalized dietary
advice and/or psychological counseling can be added to the
exercise intervention if sought necessary by the Rotterdam
Exercise Team.

A personalized dietary advice will be added if a patient group
has insufficient intake, this will be determined based on the
consult with the dietician, bodyweight and body composition
measurements, the REE and the filled in food diaries. The
personalized dietary advice will consist out of a healthy eating
advice based on Dutch guidelines, including an advised calorie
intake based on REE (27). A protein enriched diet of 2 g/kg
daily will be added to the dietary advice when muscle endurance
exercises or high-weight resistance exercises are included in the
tailored exercise intervention.

Psychological counseling will be added to the personalized
intervention if sought necessary by the psychologist, for example
when fears regarding exercise are present in a disease group,
cognitive behavioral therapy will be added. This will be
determined based on the psychological consults with parents and
children, the quality of life questionnaires, Tampa scale and the
fatigue questionnaires.

Outcome Measurements
Primary Study Outcome
1. Exercise capacity: Change in peak oxygen uptake (peak

VO2), will be measured by maximal cardiopulmonary exercise
testing (CPET).

Secondary Outcomes
1. Aerobic Fitness

a. Maximal CPET: Oxygen exchange (VO2), oxygen
consumption per heartbeat (O2pulse), ventilatory exchange
(VE), load (W), heartrate (HR) and respiratory exchange rate
(RER) determined at the ventilatory aerobic threshold (VAT)
and at exhaustion (peak).
b. Submaximal CPET: Average heartrate (HRavg) and
maximum heartrate (HRmax).
c. Six-Minute Walk Test (6MWT): Maximum walked
distance in meters.

2. Physical activity levels: Time in sedentary state and time in

moderate activity will be measured using the ActiGraph GT3X

accelerometer and structured interview.
3. Health related quality of life: Will be measured using Child

Health Questionnaires (CHQ-PF28 & CHQ-CF45).
4. Fatigue: Will be measured by the Multidimensional Fatigue

Scale questionnaire (PedsQolMFS).
5. Fear of physical exercise: Will be measured using the TAMPA

scale for kinesiophobia questionnaire and the kinesiophobia
meter during the psychological consult.

6. Muscle strength: Elbow flexion and extension, shoulder
abduction, hip flexion and abduction, knee extension and
flexion and squeezing strength will be measured using Hand-
Held-Dynamometry (HHD).

7. Core stability: Will be measured by time in seconds in balance
for four core stability tests.
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8. Energy balance: Caloric intake estimated using a food
diary, resting energy expenditure (REE) measured with
indirect calorimetry.

9. Body composition: BMI, body weight and body fat percentage,
will be measured using both BOD POD and four side
skinfold method.

10. Lung function: Forced vital capacity (FVC), forced
expiratory volume (FEV1) and FVC/FEV1 ratio will be
measured using a spirometry tests.

11. Effects on the following laboratory outcomes: IGF-1, CK,
Growth hormone.

Disease Specific Secondary Outcomes
1. For children with a Fontan circulation: An echocardiogram,

magnetic resonance imaging and NT-pro-BNP measurement
will be added to assess cardiac function.

2. For children with BPD: Lung function will bemeasured before
and after the maximal CPET.

3. For Pompe patients: Muscle functioning using the Quick
Motor Function Test (QMFT) and Supine To Stand
Test (STST).

4. For IBD patients: Effects on disease activity using the PCDAI
and PUCAI scores and calprotectin will be measured in Feces.
In addition to the CHQ, children will also fill in the Impact-III
questionnaire to asses quality of life.

Aerobic Fitness
Endurance will be assessed bymaximal CPET, submaximal CPET,
and 6-minute walking test (6MWT). All patients will undergo the
maximal CPET, and submaximal CPET on the same electrically
braked bicycle ergometer: Jaeger ER9000 (Viasys Healthcare,
Hoechberg, Germany). The maximal CPET starts with 1min of
unloaded cycling with a rate of 60–80 repetitions per minute
where after exercise intensity will be increased progressively until
exhaustion (ramp protocol), the test ends with a 3min recovery
phase. The rate of increase will be considering the patient’s
functional capacities.

The submaximal CPET starts with 3 mins of unloaded
cycling, followed by 6 mins of cycling with an exercise intensity
set on half of the previously reached maximum workload
during the maximal CPET, and ends with a 3-minute recovery
phase. During both maximal and submaximal CPET, respiratory
parameters and heart rhythm will continuously be measured
using respectively breath by breath analyses: Oxycon Champion
System (Viasys Healthcare, Conshohocken, United States) and
12 lead ECG. Blood pressure will be measured every 2 mins.
Exercise tests with a peak respiratory exchange rate (RER) ≥

1.00, a Heartrate >85% of calculated maximal heart rate and
lung capacity < 20% during the test will be considered maximal.
The following parameters will be determined from the maximal
CPET: Peak VO2 in ml/kg, peak minute ventilation (VEpeak),
peak workload (Wpeak), peak heart rate (HRpeak), peak oxygen
pulse (peakO2Pulse), peak RER, and ventilatory anaerobic
threshold (VAT). The VAT will be assessed independently by
two researchers using the ventilatory equivalents method. The
following parameters will be determined from the submaximal
CPET: average heart rate and HRpeak.

The 6MWT will be performed in accordance with the
American Thoracic Society guidelines, however due to a lack of
space the course will be 8 m of length instead of 30 m.

Physical Activity Levels
During the consult with the Sports Physician, children and
parents will be asked about the amount of time spend on
physical activity a week. Subsequently, physical activity levels will
be measured with a validated Actigraph GT3X+ accelerometer
(firmware v3.2.1, ActiGraph Inc, Pensacola, FL, USA). The
subjects will wear the accelerometer on their right hip for 2
week days and 1 weekend day. The actigraph will be removed
only for swimming, showering, and sleeping. The Actigraph was
set into tri-axial mode, using a 10-s epoch and 30Hz. Non-
wear time will be assessed using the Troiano protocol (28). Data
will be analyzed with ActiLife R© software (v6.10.2), counts per
minute will be converted to metabolic equivalent (MET) using
age specific formulas by Freedson et al. (29).

Quality of Life, Fatigue, and Fear of
Exercise
A semi-structured interview will be completed by a psychologist
for both parents and children separately. In these interviews,
biographical data, such as household composition, educational
level, social participation, social-economic status, fear of exercise
(answered by parents and children), perceived body image and
quality of life (answered by parents and children) will be assessed.

The child health questionnaire (CHQ) child form (CF) and
Parent form (PF) and the IMPACT-III questionnaire (for IBD
patients) will be filled in at home and used to assess health-related
quality of life (HRQol) (30). The PedsQL Multidimensional
Fatigue Scale (MFS) CF and PF will be used to evaluate the
effect of the exercise training on Fatigue (31). The TAMPA
questionnaire and kinesiophobia questionnaire assess potential
kinesiophobia (32).

Core Stability and Muscle Strength
All muscle strength measurements will be performed in a
standardized manner by the same trained investigator (LES)
using Hand-held Dynamometry (HHD). To assess core stability
LES measures time in balance for each of the following four core
stability exercises: plank, back bridge, left side bridge, and right
side bridge.

Body Composition and Energy Balance
At each measurement moment patients the height, weight,
and body composition, using a skinfold caliper (four skinfolds
method) and air displacement plethysmography (ADP) on
whole-body densitometry using the BOD POD (BOD POD body
composition system, COSMED, Ltd, Concord, CA, USA) will be
measured. Percent body fat (%BF) will be calculated using the
equations published by Brook, Drunin, Rahaman and Wormsley
et al. for the skinfold measurements, and the Lohman equation
for the ADP (33–35).

All patients will keep up with a detailed food diary for
three consecutive days and undergo an indirect calorimetry (Life
Measurements, Inc, Concord, CA, USA), during the consult with
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the dietician to measure rest expenditure (REE). Measurements
are performed after a fasting period of at least 2 h. Both measured
REE and estimated REE, calculated using the Scholfield equation,
are then converted to Total energy expenditure (TEE) (36–38).

Lung Function
Forced vital capacity (FVC), forced expiratory volume (FEV1)
and FVC/FEV1 ratio will be measured using an electronic
spirometer (Masterscreen PFT; Carefusion; San Diego, CA) by
a trained researcher.

Laboratory Outcomes
At each measurement day blood samples will be collected from
a peripheral vein and analyzed in the clinical laboratory of
the Erasmus MC—Sophia Children’s hospital, the following
markers will be assessed in all patient groups: IGF-1, Creatine
Kinase (CK), Growth hormone (GH). In addition, erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP) and albumin
will also be assessed in IBD patients. In children with a
Fontan circulation, N-terminal pro-brain natriuretic peptide
(NT-proBNP) will be measured.

IBD Specific Measurements
To assess the effects of the training program on disease activity:
fecal calprotectin, lab measurements and PCDAI or PUCAI will
be observed at each measurement moment. Remission is defined
as PCDAI < 10 or PUCAI < 10, mild disease activity as PCDAI
10–27.5 and PUCAI 10–34, moderate disease activity as PCDAI
30–37.5 and PUCAI 35–64, severe disease activity is defined as
PCDAI ≥ 40 and PUCAI ≥ 65 (39, 40).

Pompe Disease Specific Measurements
In Pompe patients muscle function will be assessed using the
Quick Motor Function Test (QMFT). The QMFT is a tool
specifically constructed to measure motor function of Pompe
disease patients (41). The test contains 16 motor function items
that are specifically difficult for patients with Pompe disease and
reflect daily life activities. Each item can be scored 0 (unable
to perform) to 4 (can easily perform). Scores of each item are
summed. The maximum score of 64 indicates normal muscle
functioning. Additionally, the supine to stand test (STST) will
be taken in order to assess the ability of a patient to rise from
the floor. The STST measures the required time in seconds for a
patient to move from a supine to standing position.

Fontan Specific Measurements
Patients will undergo transthoracic echocardiography and
cardiac magnetic resonance before and after the tailored
interventions. Echocardiograms will be performed by
experienced echocardiographic technicians, following the
recommendations of the American Society of Echocardiography
(42). All studies will be obtained in rest using the using the
Philips EPIC7C (Andover, MA, USA) and Vivid E9 (General
Electric Vingmed Ultrasound, Horten, Norway) ultrasound
systems. Images will be collected with an appropriate transducer,
based on age and weight of the participant. Images will be
recorded and analyzed of-line using Intellispace Cardiovascular
software (Philips, Best, The Netherlands). We measure the

following cardiac parameters: maximum velocity at the aorta
valve, aorta descendens and across the atrioventricular (AV)
valve of the dominant ventricle, as well as deceleration time
of peak velocity across the AV valve, using optimal Doppler
settings. M-mode will be used to assess maximal annular
plane systolic excursions (APSE) at the lateral side of the
dominant AV-valve.

Cardiac magnetic resonance imaging (MRI) will be performed
on whole body MRI scanners (GE Signa MR/I 1.5 T, USA;
GE Discovery MR 450, USA). A multi-phase, multi-slice
volumetric data set will be acquired using a fast 2D cine
scan using steady-state free precession (SSFP). Trough plane
2D phase contrast MRI will be used for flow measurements.
All images will be acquired with either breath-holds or
over 3 heart beats to eliminate respiratory effects. Analysis
will be performed with the software packages QMASS and
QFLOW (Medis Medical Imaging Systems, The Netherlands).
The following cardiac parameters will be assessed: end-diastolic
volume (EDV), end-systolic volume (ESV), stroke volume
(SV), ejection fraction (EF), ventricular mass. The following
flow measurements will be performed: above aoortic valve,
on aortic valve, aorta on diaphragm level, vena cava inferior
(VCI), vena cava superior (VCS), arteria pulmonalis dextra
(APD), arteria pulmonalis sinistra (APS) and mitral valve
and/or tricuspid valve flow. All assessments will be executed
with manual contour detection. If a second ventricle exists,
the volume will be assessed and added to the systemic
ventricle and presented as a single ventricle. All MRI results
will be obtained from analysis by an experienced pediatric
cardiologist (WH).

Statistical Analysis
Data will be collected in the Castor online database. Patient
characteristics will be described using descriptive statistics and
tested for normality (using both the shapiro-wilk test and a
visual evaluation of the histograms). A per protocol analysis
will be used. Baseline characteristics between groups will be
compared with the unpaired student’s T-test for normally
distributed data, Mann-Whitney U for not normally distributed
data and Chi-squared test for proportions. Differences before
and after the control or exercise period will be analyzed
using a paired T-test for normally distributed data and
Wilcoxon signed ranks test for not normally distributed data.
If possible, missing outcome data will be imputed using
multiple imputation. Statistical analyses will be performed
using SPSS or R software. The significance level is determined
at P < 0.05.

DISCUSSION

The Exercise study is a unique study investigating limitations
for physical activity in children with a four chronic diseases:
children with a Fontan circulation, children with Broncho
Pulmonary Dysplasia (BPD), Pompe disease and inflammatory
bowel disease (IBD). Each of these diseases is likely to interfere
with physical activity in a different way. Knowing the specific
limitations for physical activity would make it possible to
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target these, and increase physical activity by a personalized
intervention. Clinical intervention trials investigating safety and
potential beneficial effects of tailored exercise interventions in
children, are very limited. In the Exercise study a tailored
intervention program, possibly including a personalized diet
advice or/and psychological counseling, for each patient group
will be designed by a multidisciplinary team, based on the
baseline findings. The effects of these tailored interventions will
be measured on both patient-related outcomes and important
disease-related outcomes. This study thereby first aims to
obtain more information about limitations for physical activity
in children with various chronic diseases. And secondly,
investigates the safety and potential benefits of exercise in
chronic ill children, so better tailored and disease specific advice

surrounding exercise can be given by doctors to their patients in
the future.
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