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Chapter 8

In this chapter the most remarkable findings will be summarized and the clinical 
and scientific relevance will be discussed. Thereafter the limitations of the studies 
will be summarized and finally perspectives of future research will be discussed.

In infants with a liver transplant fine motor skills are normal pre transplantation 
compared to norm values, while gross motor skills are delayed pre liver transplanta-
tion. Both skills decline post liver transplantation and tend to recover after one year; 
gross motor skills to low normal and fine motor skills to normal levels (chapter 2).

Children with Juvenile Idiopathic Arthritis (JIA) have a lower physical activity (PA) 
level, they spent less time in moderate to vigorous PA (MVPA) and spent more time 
on sedentary activities compared to controls despite current medical treatment 
and PA encouragement (chapter 3).

Children post liver transplantation have similar MVPA patterns and aerobic fitness 
compared to norm values and they participate in recreational and leisure activities 
similar to norm values (chapter 4). But both children with JIA (chapter 3) and children 
post liver transplantation do not meet the recommendations of PA. In children with 
JIA 4% and in children post liver transplantation 7% meets PA recommendations 
while in healthy Dutch children 16% meets recommendations of PA (chapter 4).

Convergent validity between an activity diary (AD) and an accelerometer (Actical) 
in children with JIA is moderate to poor. To reliably establish PA on a group level 
one week measurements of the accelerometer are needed and for AD 13 days. 
For an individual level 3 weeks of the accelerometer are needed and more than 5 
weeks of AD measurements (chapter 5).

A home-based exercise trainings program of interval training on a treadmill and 
strength exercises in children with Juvenile Dermatomyositis as well as an inter-
net-based cognitive behavioural treatment program Rheumates@Work in chil-
dren with JIA are safe, showing high adherence but have no positive effect on PA 
(chapter 6 and 7).
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RELEVANCE 
Motor development
The delayed gross motor development in infants pre liver transplantation can be 
explained by their illness. They are less in prone position, because most of the time 
these children have abdominal distension, are frequent hospitalized, have growth 
failure before transplantation1,2 and might use medication through infusion which 
limits them in their gross motor activities. Prior to our research we assumed that 
gross motor development in children post liver transplantation would have recov-
ered after one year, although gross motor development improved to low normal 
values, still half of these children have a delayed gross motor development. Delayed 
motor development will influence PA, since better motor development is positively 
associated to level of PA and physical fitness in later life3–5.

Despite the delay in gross motor development in the initially year, median 7.5 years 
post liver transplantation children have a MVPA and aerobic fitness similar to norm 
values. But there still may be a delayed gross motor development resulting in less 
MVPA as these children experience more fatigue and lower health related quality 
of life (HRQOL) compared to norm values. Additionally, these children have less 
muscle strength than norm values and only 4% meets recommendations for PA. 
Although the children participated in recreational and leisure activities as norm 
values, only some of these activities reach the recommended intensity of MVPA 
for health benefits6.

Young children post liver transplantation should be screened on gross motor 
development and during follow up. As most previous studies have shown that 
motor development did not improve post liver transplantation7–9with exception of 
one study2. That study showed that motor scores, determined with the Griffiths 
mental ability scales (Griffiths-II), improved and children reached the norm for their 
age within 4 years post liver transplantation. This finding might be based on the 
instrument used since, the Griffiths locomotor subscale (gross motor skills) results 
in higher scores compared with the Bayley scales of infant development, second 
edition, (BSID-II)10, used in other studies8,9. One should be aware of the assessment 
tool used to determine motor development. In case of delayed gross motor devel-
opment children should be referred to a pediatric physical therapist, for assess-
ment and stimulation of gross motor skills, so these children have the appropriate 
skills to be physical active and with it the health benefits of an active lifestyle.

8



164

Chapter 8

Physical activity
In the JIA study children spent on average more than one hour a day on MVPA, 
suggesting that they are sufficiently active, but when correcting MVPA per day only 
a few children reach the minimum of one hour of MVPA every day of the week. 
However, PA is challenging to evaluate as it is a complex behaviour, especially in 
children. Conflicting findings of meeting PA guidelines11, 12 are due to differences in 
samples, study design, and PA determination in these different studies. Instruments 
to determine PA all have some limitation13. This thesis shows that on individual level 
almost 3 weeks of the accelerometer and more than 5 weeks of AD measurements 
are required to obtain reliable estimates of PA in children with JIA. It is impossible 
to ask children to fill in an AD or to wear an accelerometer for such a long time 
and it is easily forgotten.

The AD has the advantage for children that it also educates children about the 
intensity of an activity; a higher intensity of the activity is associated with a higher 
number of coding in the AD. In this way children gain insight in their activity pattern. 
The disadvantage of the AD is that it overestimates PA as the dominant activity 
per 15 minutes is entered in the AD. If children are moderate to vigorous physically 
active for 10 minutes, 15 minutes of MVPA is recorded in the AD. One might expect 
that this overestimation is compensated at times the child is less active for most 
of the 15 minutes and only had a few minutes of MVPA and light activity is entered 
in the AD, but if this truly happens is unknown. Another source of information bias 
might be that children fill in the AD more favorable regarding PA than they actually 
perform and errors based on recall if the diary is not immediately filled in.

The advantage of an accelerometer is that it monitors PA more objectively. It 
provides information about the intensity and duration of the activity and is easy to 
wear13. The disadvantage of an accelerometer is that some movements are difficult 
to detect like cycling and data analyses must be performed before gaining insight 
into intensity and duration of the activities. Combining both methods, AD and accel-
erometer, provides better insight in PA and allows correcting the accelerometer 
for activities they do not detect or correct for non-wear during wet activities as not 
all accelerometers are waterproof. The disadvantage of double assessment is the 
burden for the child and parent.
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For clinical and scientific relevance it is important to be aware of the advantages 
and disadvantages of PA measurements and the purpose of the measurement as 
not all instruments can be used to evaluate against PA guidelines6. No specific 
method can be considered as best option. The choice of the most appropriate 
instrument depends on the research question, or reason for evaluation of PA. This 
thesis showed that on group level one week measurement of the accelerometer 
and 13 days of AD is needed for reliable estimates of PA in children with JIA, which 
is less compared to individual level, but still a considerable burden for the child. 
Suggestions have been made to simplify data collection by focusing assessments 
to key times or places when children are active, like after school time14.

Regarding health benefits it is important to get insight in intensity and duration of 
the activity to evaluate against PA guidelines as the description of the activity itself 
is insufficient. For instance in a football game some children are very active and 
run around over the field while others wait for the ball to reach them. Both children 
are ‘playing football’. Especially activities with a moderate to vigorous intensity 
are important for health benefits in the long term. For this purpose an instrument 
must therefore be chosen that can display MPVA as objectively as possible. By 
combining the accelerometer with a non-wear time AD provides a more complete 
representation of the PA of the children.

In the context of long-term management, it remains important to stimulate PA, in 
children with or without chronic conditions. Dutch children in general are not active 
enough15, their motor skills are deteriorating and childhood obesity is increasing16. 
As previously mentioned, this thesis shows that a low normal gross motor devel-
opment is present in children one year after liver transplantation. A declined motor 
development, especially gross motor development, might affect PA later in life. 
When children are unable to run, jump, catch and throw etc. they have limited 
opportunities to participate in physical activities because they lack the neces-
sary skills. If children are not physical active at a young age the likelihood of them 
being physical active in later life is less as participation in sports at a younger age 
increases the probability of a higher level of PA in later life17,18.

In the Netherlands, the government offers all kinds of PA programs to simulate 
children to be physical active. Everyone must be able to opt for an active and 
healthy lifestyle (Dutch government) and therefore financial support is available 

8
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for children growing up in low-income families19. The Committee for the Dutch 
Physical Activity Guidelines advices; ‘PA is good for you - the more the better, 
the longer you are physically active, and the more frequent and/or more vigorous 
the activity, the more your health will benefit. Do activities that strengthen your 
muscles and bones at least three times a week and avoid spending long periods 
sitting down’20. However, too much PA might result in injuries15. A child must be 
ready for certain sports activities as physical growth and development of motor 
skills are important in order to learn sports skills. In goal setting and expectations 
of sports activities, variation of both cognitive and motor skill development must 
be taken into account21.

Physical activity interventions
It is assumed that children with chronic conditions will experience the same health 
benefits from PA as healthy children. Children in general are hard to activate and 
for children with a chronic condition it is sometimes difficult to let them participate 
in regular sports activities which may lead to hypo activity and deconditioning22. 
Several attempts have been made to develop sports groups for children with a 
chronic condition. These sports groups are most often associated with a reha-
bilitation center or with a hospital and transportation is the biggest problem. To 
overcome barriers to participate in PA, home based programs have been devel-
oped so that one does not have to travel and can chose a suitable time to perform 
the activities of the home based program. In this thesis 2 individual home-based 
programs were evaluated to improve PA; an exercise trainings program of interval 
training, on a treadmill and strength exercises in children with dermatomyositis 
and an internet based cognitive behavioural program in children with JIA. Both 
programs are safe, feasible and had a high adherence but they had no effect on PA.

It is unclear as to why both interventions had no effect on PA. In the internet-based 
cognitive behavioural intervention in children with JIA, the intervention group 
significantly improved in time spend in MVPA measured with the AD, but not 
when measured with the accelerometer and no significant differences were found 
between the intervention and control group in PA. In this intervention children had 
to set an attainable goal based on the baseline findings of their PA and physical 
fitness, but no specific exercises were given on how to reach that goal. Therefore 
the goal setting might have been too abstract for these children. In the exercise 
training study in children with juvenile dermatomyositis all exercises were well 
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described and that study showed increased endurance time and improvement on 
standing long jumps, push-ups and sit ups, which were also partially exercises of 
the training intervention. Endurance time also significantly increased in the inter-
vention group in the internet-based intervention, but no significant differences 
were found between the intervention and control group. In general PA interven-
tions show little effect on the overall activity of children23. Possible explanations 
are that the PA component was not sufficiently intense or poor delivery of the 
activity sessions. Another explanation might be that the exercise sessions of the 
intervention replaced the periods at which children are normally active at the same 
intensity level23. For example organized sports replace the period that children 
usually spend in outdoor playing activities.

Combining both interventions (physical training and cognitive behavioural inter-
vention) might be more effective in increasing PA; it gives variety in training and 
education, but also clear exercises to achieve the final goal. Both the exercise 
training program of interval training, on a treadmill and strength exercises in chil-
dren with dermatomyositis and the internet based cognitive behavioural program in 
children with JIA showed to have good components, like home based, well defined 
exercises, guidance, health education related to the chronic condition and PA, 
information on barriers that prevent someone from being active, explanation of the 
benefits of PA and self-efficacy towards becoming more physical active24,25. The 
acceptance and satisfaction of the internet intervention were high and the costs 
low24. The exercise intervention showed high adherence and toleration. For further 
optimization of the combined program, one might consider to make the education 
more age specific as suggested during evaluation24 and taking into account the 
motor skills in setting goals, as the age range in both studies was wide.

LIMITATIONS
The studies described in this thesis have some limitations. Small groups were 
studied in all studies. For the study of motor development pre and post liver trans-
plantation assessments post liver transplantation of gross motor development 
was limited because children could not be assessed in prone position as it is 
not recommended until 4-6 weeks post-surgery. Additionally assessments were 
sometimes not possible for logistic reasons. In our hospital children with a delayed 
motor development are referred to a pediatric physical therapist, but it is not clear 
what the content, duration and frequency of this treatment was.

8
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In the study comparing PA in children with JIA and controls, the PA data of the 
control group were assessed 1.5 years earlier. This might result in an overestima-
tion of PA in the control group as sedentary activities in children increases over 
time, possibly by increased screen-time. Another limitation in that study was that 
PA data in the control group were assessed in the summer probably overestimating 
PA since children are less active in autumn and winter when sedentary time is 
greater26.

In the study comparing children after liver transplantation on PA and aerobic fitness 
with norm values, no comparison could be made with Dutch norm values, as these 
were not available in the age group studied. Additionally no norm data are available 
on physical fitness in children below the age of 8 years. Data was extrapolated 
from norm values to be able to compare study findings, which may have resulted 
in under- or overestimating aerobic fitness.

In comparing the AD with the accelerometer data was imputed in the AD in case 
of missing values if it was not possible to enter data by recall of the children/
parents. Children had to enter a smiley in the AD at the time they put on the accel-
erometer. Some children forgot to enter a number of the activity at that given time 
point. Missing data was imputed by light activity, assuming that the moderate to 
vigorous activities will be remembered well, but no data is available to substantiate 
this assumption.

Controls in the juvenile dermatomyositis study showed high levels of PA and in the 
intervention group children had already high levels of aerobic fitness at baseline, 
which reduced a priory chance for improvements in aerobic fitness. Although 
the intervention group and the control group were stratified for age, and gender, 
both groups differed in disease activity and disease duration which might have 
influenced outcomes.

Although the Reumates@Work intervention consisted largely of education, 
improved knowledge was not evaluated as outcome measure, in the sense of 
detecting change in knowledge about the chronic condition and the importance 
of PA, knowledge evaluation might do more justice to evaluate the effect of this 
intervention.
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FUTURE RESEARCH
For future studies assessing PA in a more structured way (in all seasons) in both 
healthy children and children with a chronic condition improves comparison of 
outcomes and detect changes over time. Now many methods are used like ques-
tionnaires, AD and accelerometers. If settings of the accelerometers and outputs 
are processed in standardized way, comparing data would be much more realistic. 
New techniques in improving accelerometer devices are needed for better detec-
tion of the activity and the use of smartphone apps might help as reminders for 
filling in data at times of non-wear.

Expressing PA as physical activity level is not always a clear concept, expressing 
PA in categories as light, moderate and vigorous PA is easier to understand, but 
different cut-off points are used in expressing these categories, which make 
comparison with other studies more difficult. Future studies should express PA 
concepts like light, moderate and vigorous PA similarly and consensus should be 
reached regarding definitions and cut-off points in categorizing these activities. 
Norm data on PA and aerobic fitness is needed in young children.

Evaluation of motor development, especially gross motor development, more struc-
tured during follow up of the chronic condition is needed, to detect early delayed 
gross motor development, to help prevent from less PA and physical fitness in 
later life.

In addition, the intervention of the pediatric physical therapist, content and assess-
ment of the effect of the intervention, should be studied regarding gross motor 
development, to improve referral to the pediatric physical therapist in children 
after liver transplantation. Also the impact of delayed motor development on PA 
in later life should be explored.

For the intervention of increasing PA and aerobic fitness in children with chronic 
conditions it is interesting to study the effects of combining an internet based 
cognitive behavioural and exercise trainings intervention program as this inter-
vention seems easy applicable as it is home based and the concept might be 
applicable for all kind of different chronic conditions.

8
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CONCLUSION
Children with chronic conditions experience a lower quality of life than healthy chil-
dren, which might be improved through improving PA and health-related fitness. 
The medical treatment of several chronic conditions in children continues to 
improve, and PA is generally safe in chronic conditions. Physical activity has bene-
fits on growth, development and general health of children. Therefore, PA should 
not be overlooked in the treatment of children with chronic condition. Stimulating 
PA for health benefits is a challenge because intensity and activity duration are 
important, but are difficult to measure objectively. One must take into account that 
physical activities require the appropriate motor skills for any children to participate. 
The best way of improving PA in children with chronic conditions is still not clear, 
but methods and interventions have to be focused on the specific problems and 
circumstances of the target population. Improving motor deficiencies of children 
with a liver transplant is important, but might be less relevant for other chronically ill 
populations. Combining an internet-based cognitive intervention program with an 
exercise training program – and taking into account the age of the children - might 
improve PA for health benefits, but further evaluation of such a program is needed.
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