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Abstract

Background and Objective: Fatigue and physical impairments are a major concern in children with
multiple sclerosis (MS) and after acute disseminated encephalomyelitis (post-ADEM). We here aimed to
evaluate the interaction between fatigue, exercise capacity, motor performance, neurological status, and
quality of life (HRQoL).

Methods: In this cross-sectional study, data of 38 children (MS n = 22, post-ADEM n = 16), aged 4-17
years attending our national pediatric MS center, were studied. Fatigue was measured with the Pediatric
Quality of Life Multidimensional Fatigue Scale, exercise capacity with the Bruce Protocol, motor perfor-
mance with the Movement Assessment Battery for Children second edition, HRQoL with the Pediatric
Quality of Life Questionnaire, and extent of disability with the Expanded Disability Status Scale (EDSS).
Results: Children with MS and post-ADEM experienced more fatigue (p < 0.001), reduced exercise
capacity (p < 0.001), and impaired motor performance (p < 0.001), despite low scores on the EDSS.
Fatigue, but not the other parameters, was significantly correlated with HRQoL. Fatigue was not corre-
lated with exercise capacity.

Conclusion: We confirm the major impact of fatigue on quality of life in children with MS and post-
ADEM. Fatigue was not explained by reduced exercise capacity or impaired motor performance. An
important finding for clinical practice is that the low EDSS score did not reflect the poor physical func-
tioning.
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Introduction

Multiple sclerosis (MS) is a chronic inflammatory
demyelinating disease of the central nervous system. It
is generally considered as a disease of young adults in
their twenties and thirties, although 2%—-10% of all
MS patients experience their first attack before the age
of 18 years."* Pediatric-onset multiple sclerosis
(POMS) shows parallels with adult MS but runs a
more severe course because the relapse rate is higher,
next to a higher lesion load on magnetic resonance
imaging (MRI).*3 Despite the time to the secondary
progressive phase in POMS is longer, patients are dis-
abled at a younger age than patients with adult-onset

MS.1¢ In addition to mental and cognitive problems,
many patients struggle with physical impairments and
fatigue.”-® These problems do not limit themselves to
chronic forms of demyelinating disease like MS but
are also reported in children after acute disseminated
encephalomyelitis (post-ADEM), although rapid
motor function recovery after the acute phase in most
of the patients seems to be the case.!!

The Expanded Disease Status Scale (EDSS) is com-
monly used to evaluate disability of adult and pediat-
ric patients with demyelinating disorders.'? However,
it is originally intended for adult MS patients.
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As mentioned above, fatigue is a frequently occurring
problem in patients with POMS and post-ADEM.!3
The cause of fatigue still remains unclear. In a
Canadian study of children with MS and monophasic
acquired demyelinating syndromes (mono-ADS), a
correlation was found between fatigue and physical
activity.!* POMS patients were less physically active
and scored higher on fatigue scales than patients with
mono-ADS. Possibly, due to complaints of fatigue,
patients become less physically active and this may
lead to decreased exercise capacity.

We assume that physical disturbances as motor prob-
lems, fatigue and decreased exercise capacity affect a
child’s physical and psychosocial development and
hence their quality of life. To the best of our knowl-
edge, there is no data available of motor development
in children with POMS and post-ADEM and maximal
exercise capacity in children with post-ADEM.

Therefore, we primarily aimed to evaluate whether
children with MS and post-ADEM have a reduced
exercise capacity and whether this correlates with
fatigue. Second, we analyzed the possible relations
between quality of life and fatigue, exercise capacity,
or motor performance. Finally, we aimed to investi-
gate whether the EDSS is an optimal measurement to
determine disabilities in daily life in these children.

Materials and methods

Patients

Children under the age of 18 years were eligible for
this cross-sectional study when diagnosed with
POMS or ADEM in consensus with the International
Pediatric Multiple Sclerosis Study Group 2012 diag-
nostic criteria.!> Patients with other demyelinating
syndromes (e.g. clinically isolated syndromes, neu-
romyelitis optica) were excluded. All children were
evaluated in our national multidisciplinary pediatric
MS center as part of routine medical care between
June 2013 and December 2015. Assembled clinical
parameters consist of patient history and neurologi-
cal examination performed by a pediatric neurolo-
gist. Disability was expressed by the EDSS score.!?
Measurements of exercise capacity, motor develop-
ment, fatigue, and quality of life were administered
by a pediatric physical therapist. After the evaluation,
tailor-made advice concerning physical therapy and
rehabilitation was given.

Written informed consent and permission to use the
data for research purposes was obtained from all par-
ents and/or children between 12 and 18 years of age.

Fatigue—Pediatric Quality of Life

Multidimensional Fatigue Scale

The Pediatric Quality of Life Multidimensional
Fatigue Scale (PedsQL-MFS) was designed as a
generic symptom-specific and standardized instru-
ment to measure fatigue in healthy children and in
children with acute and chronic health conditions
aged 2—18 years. It is validated in Dutch children.'®
The PedsQL-MFS comprises three subscales: general
fatigue, sleep/rest fatigue, and cognitive fatigue. A
total fatigue score is calculated from the subscales. A
scale score and total fatigue score of 1 standard devia-
tion (SD) below the mean of healthy age-related ref-
erence norm was considered abnormal.

Exercise capacity—Bruce Protocol

The Bruce Protocol was used to test maximal exercise
capacity.!” Children were encouraged to perform to
exhaustion. The maximal endurance time on the
treadmill was used as criterion of exercise capacity.
Before and during the test, heart rate (HR) and trans-
cutaneous oxygen saturation were monitored (motion
artifact system, type 2001; Respironics Novametrix,
Murrysville, PA, USA). HR of =185 beats per minute
or loss of coordination, because of excessive fatigue,
was taken as maximal performance.!® The standard
deviation score (SDS) of the maximal endurance time
is calculated using age-related reference values for
healthy Dutch children.!9:20

Motor performance—Movement Assessment

Battery for Children second edition

Motor performance was examined with the Movement
Assessment Battery for Children second edition
(MABCII). The MABCII is a standardized and age-
related norm-referenced test, validated for Dutch chil-
dren, and developed to classify children according to
degree of motor performance.?!’ The MABCII has
three domains: manual dexterity, ball, and balance
skills. For each child, the raw item scores were trans-
formed into a domain percentile score and a total per-
centile score. Scores =fifth percentile denote a
definite motor problem, scores between the 6th—16th
percentiles denote borderline performance, and scores
>16th percentile indicate normal performance.

Quality of life—Pediatric Quality of Life

Inventory 4.0

Health-related quality of life (HRQoL) data were col-
lected using the Pediatric Quality of Life Inventory
(PedsQL) 4.0.22 Patients as well as one of their par-
ents were asked to fill in the questionnaire. It
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40 children with MS or post-ADEM
visited our follow-up
between June 2013 through December 2015

No regular assessment by the pediatric physical
therapist possible because of serious ataxia

|

n=2

Eligible for assessment n=38
MS n=22
post-ADEM n=16

\
0 |

MABCII
n=37

BRUCE
Children n=37 n=36

PedsQL fatigue
Parents n= 37

EDSS
Children n=37 n=38

PedsQL HRQOL
Parents n= 35

Figure 1. Flowchart: MS: multiple sclerosis; post-ADEM: after acute disseminated encephalomyelitis; PedsQL:
Pediatric Quality of Life Inventory; MABCII: Movement Assessment Battery for Children second edition; HRQOL.:
health-related quality of life; EDSS: Expanded Disability Status Scale.

encompasses 23 items on four Generic Core Scales:
physical, emotional, social, and school functioning. A
psychosocial functioning scale can be derived from
the emotional, social, and school functioning items.
All 23 items together provide the total functioning
score. The children indicate on a five-point scale the
frequency in which they experience a problem, and
these scores are linearly transformed to a 0—100 scale.
Higher scores indicate better functioning. The Dutch
version of the PedsQL has adequate psychometric
properties.?? A scale score and total functioning score
of 1 SD below the mean of healthy age-related refer-
ence norm was taken to indicate impaired HRQoL.??

Data analysis

Analyses were performed using SPSS 23.0 (IBM,
Chicago, IL, USA). The Kolmogorov—Smirnov test
was used to test whether the data was normally dis-
tributed. One-sample #-test was used when comparing
continuous data of each measurement to expected
average of the reference group. A chi-square test was
applied to test whether the distribution of motor per-
formance scores in our population differed signifi-
cantly from that in the normative population. For
correlation analyses, Pearson’s correlation and
Spearman’s correlation were used when appropriate.
Mann—Whitney U test was used for group compari-
son. A p value was considered significant <0.05.

Body mass index (BMI) was calculated, and the
Dutch Growth Analyzer version 3.5 served to calcu-
late SDS for BMI on the basis of Dutch references.?*

Results

Between June 2013 and December 2015, 40 children
were assessed with MS (n = 24) or post-ADEM (n =
16). Two children with MS had no standard assess-
ment by the pediatric physical therapist due to disabil-
ity caused by serious ataxia (Figure 1). Thus, data of
38 children were eligible for analysis.

Relevant baseline characteristics are listed in Table 1.
None of the children had concomitant diagnosis influ-
encing cardiopulmonary function.

Fatigue—PedsQL-MFS

The PedsQL-MFS was filled in by 37/38 of the chil-
dren. One child could not fill in the questionnaire due
to his young age (<5 years). All parents returned the
questionnaire. A total of 15 children and 19 parents
indicated fatigue (<—1 SD). Scores on all subscales
were significantly lower than the reference group in
both patients and parents (Table 2). Parents indicated
more often and more severe fatigue for their children
than the children themselves. Both children with MS
and children post-ADEM experienced greater fatigue
than healthy related peers: 8 of 22 children with MS
and 7 of 15 children post-ADEM.

Exercise capacity—Bruce Protocol

Exercise capacity data were analyzed for 36/38 chil-
dren. Data of two children were not analyzed
because they could not reach maximal performance
(HR < 185/min). The 36 children performed
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Table 1. Baseline characteristics of participants.

significantly below reference values (p < 0.001) as
shown in Table 2.

Especially children with MS had a limited exercise
capacity. Scores below average (<-1 SD) were found
in 17 out of 20 (85%) children with MS and in 9 out
of 16 (56%) children post-ADEM.

Motor performance—MABCII

Atotal of 37 children were tested with the MABCII.
One child was not tested because of logistic rea-
sons. In total, 19 of these 37 children (51% vs 84%
expected based on reference values) had a total
impairment score (TIS) within the normal range, 5
children (14% vs 11% expected) were classified as
borderline, and another 13 (35% vs 5% expected) as
having a definite motor impairment. This distribu-
tion is significantly different from reference values
(» = 0.001). Problems were encountered in all three
subscales: manual dexterity, ball, and balance skills
as well (p < 0.001) as displayed in Table 2 and
Figure 2.

When we added the two children who were excluded
from analysis due to serious ataxia, 15 of the 40 chil-
dren (38%) had a definite motor problem.

Motor performance between the diagnosis groups dif-
fered: children with MS had more severe and more
often motor impairments than children post-ADEM.
Children with MS encountered most problems in bal-
ance skills, followed by ball skills and manual dexter-
ity. Children post-ADEM encountered problems in all
three subscales, but these problems were more equally
distributed over the three subscales.

HRQoL—PedsQL-HRQoL

The PedsQL-HRQoL was completed by 37/38 of the
children and 35/38 parents. One child could not fill in
the questionnaire because of his age (<5 years) and
three parents did not return the questionnaire. An
impaired HRQoL (<-1 SD) was indicated by 14 chil-
dren and 12 parents. Compared with the reference val-
ues, scores on all PedsQL scales, except emotional
functioning, were significantly lower in children
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Table 2. Test results: fatigue, exercise capacity, motor performance, quality of life, and EDSS.
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Figure 2. MABCII—total impairment score (TIS): Left bar “norm”: percentage of children from Dutch reference group.

Total group: data of MS and post-ADEM children.

(Table 2). In contrast, the parental scores were signifi-
cantly lower on all subscales (see Table 2 for descrip-
tive results of children with MS and post-ADEM
patients separately).

Expanded disability status—EDSS

All children had an EDSS = 3.0 (Table 2). A total of 35
patients (92%) did not have disabilities or were not aware
of it in daily life (EDSS <2.0) (see Table 2 for results of
children with MS and post-ADEM separately).

Correlations between parameters

The mean SDS of the child-reported PedsQL total
fatigue score was significantly correlated with the
mean SDS of the PedsQL-HRQoL total score reported
by the child (»=0.704, p < 0.001) and the parent (r =
0.554, p=0.001). There was no significant correlation
between the mean SDS of the PedsQL total fatigue
score of the child and mean SDS exercise capacity,
MABCIIL, BMI, or sports participation. Furthermore,
there were no correlations found between the sub-
scales of the PedsQL fatigue and above-mentioned
parameters (data not shown).

No significant correlation was found between the EDSS
and the mean SDS of the PedsQL fatigue total score of
the child and parent, exercise capacity, MABCII,
PedsQL-HRQoL total score of the child and the parent,
BMI, or sports participation (data not shown).

A significant correlation was found between exer-
cise capacity and sports participation ( = 0.365, p =
0.034).

Differences between children with and without
fatigue

A significant difference in mean SDS of the PedsQL-
HRQoL total score was found between children with
and without fatigue (p < 0.001). For the other param-
eters (exercise capacity, MABCII, BMI, and sports
participation), no significant difference was found
(data not shown).

Impact of disease duration on outcome

parameters

Disease duration differed for children with MS and
post-ADEM (Table 1). Therefore, we analyzed the
groups separately. Within both groups, there was no
significant correlation between any of the outcome
parameters and disease duration (data not shown).
Disease duration was calculated per group as beneath
or above the median.

Impact of disease activity on outcome parameters
The number of demyelinating events within the year
to assessment was assessed to express disease activ-
ity. This did not correlate with any of the outcome
parameters (data not shown).
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Discussion

In this cohort of 38 children with MS and post-
ADEM, we found that a large proportion of the chil-
dren experienced fatigue and had reduced exercise
capacity. In addition, many children had motor
impairments and impaired HRQoL. However, the
hypothesis that fatigue and exercise capacity are
related in children with MS and post-ADEM was not
confirmed. HRQoL was related with fatigue but not
with motor performance, the EDSS score, or exercise
capacity. Despite the physical impairments measured
by the MABCII, in no more than three children (8%),
the disability interfered with activities of daily living
according to the EDSS results.

Exercise capacity was reduced in both MS and post-
ADEM patients. Durstine et al.2> describe that most
individuals with a chronic disease or disability
become less physically active. This is in line with
Grover et al.'* who describe less physical activity in
POMS and mono-ADS patients. Physical inactivity
can lead to a reduced exercise capacity, which in turn
can lead to further inactivity and a decrease in partici-
pation in daily life activities. A negative spiral of
reduced exercise and physical inactivity may arise.?

In our study, sports participation served as a measure
of physical activity and was found related to exercise
capacity. This may suggest that exercise capacity and
the level of physical activity of children with MS and
post-ADEM can be improved with exercise interven-
tions. In other studies of children with chronic sys-
temic inflammatory conditions, exercise interventions
indeed improved children’s exercise capacity and
physical functioning.?> High-intensity exercise pro-
grams appeared to be safe in adult MS patients but
need to be investigated in children with MS and
post-ADEM.26.27

We did not found a difference in exercise capacity
between fatigued and non-fatigued patients, as ini-
tially hypothesized. This suggests that fatigue itself is
not explained by reduced exercise capacity in our
patients and vice versa. The process of inactivity,
decreased exercise capacity, and fatigue probably
involves a complex interaction including other factors
as well. As Grover et al. not only found a correlation
between physical activity and fatigue but also with
depression, we argue here that psychosocial factors
and reduced psychosocial participation may play an
important additional role in diminished physical
activity and in turn decreased exercise capacity.

This is supported by our findings in HRQoL; children
who experienced fatigue reported more problems in

not only physical functioning but also in emotional,
social, scholastic, and psychosocial functioning. From
clinical experience, we observe that children with MS
and post-ADEM experience psychological distress
and difficulties with coping with the diagnosis or
residual deficits. It is described that chronic ill young
adolescents feel their chronic condition as “disrupting
normal life” and they perceive “discomfort in their
own body.”?® Literature of adult patients with MS
suggested that exercise could improve physical activ-
ity, depression, fatigue, and HRQoL.2® In children
without chronic illness, literature shows a positive
correlation between physical activity and HRQoL.?*
Interventions for these problems in pediatric demyeli-
nating disorders have not been evaluated to date.
Disease perception, disease acceptance, and coping
might be potential areas in understanding the mecha-
nism of fatigue, diminished physical activity, and
reduced exercise capacity.

Physical ability in children with MS and post-ADEM
is frequently evaluated with the EDSS. The EDSS
contains items on different functional systems that
reflect disability of adult patients with MS and
includes, for example, sexual functioning.!? In our
experience, administration of this scale requires the
subject to have adequate language perception and
expression, which may not always be the case in a
pediatric ADS cohort. In this study, we used the
MABCII to measure motor functioning, including
manual dexterity, ball, and balance skills. Children
with MS showed motor impairments, particularly of
balance skills. Children post-ADEM showed motor
impairments as well, but these were more equally dis-
tributed over the three subscales. A total of 49% of all
the children showed severe or borderline deficits on
the TIS, which is strikingly high. However, if com-
pared to EDSS scores, only 8% of our cohort has a
score =2, which reflects disability which the patient
is aware of in daily life.!? A total of 9% of the MS
patients scored EDSS =2 versus 6% of the patients
post-ADEM, which is low in contrast to the high total
MABCII impairment scores (52% and 44%, respec-
tively). This discrepancy confirms that the EDSS is
not an optimal measurement for motor deficits in
pediatric MS patients and especially not in young
patients post-ADEM. The MABCII seems to be a
more sensitive measurement for expressing motor
deficits and its severity.

In children, it is important to acquire motor skills
being able to participate in physical activities and
therewith being able to participate with peers. Lack of
participation in physical activity has contributed to a
decrease in fitness and an increased risk for disease.’®
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Monitoring of motor performance is important to ena-
ble timely intervention.

Several limitations of this study need to be addressed.
First, the sample size was relatively small. Second,
only sports participation was taken as a measurement
of physical activity. Physical activity includes not
only sports but also other activities which involve
bodily movement, such as playing, home—school
transfers, and recreational activities.’! Monitoring
physical activity in children is difficult. As far as we
know, reference values of activity trackers in Dutch
children are not available yet. The use of question-
naires on physical activity is debated because children
and adolescents tend to overrate physical activities.2
Moreover, all children were evaluated in our national
multidisciplinary pediatric MS center as part of rou-
tine medical care. Therefore, we did not have a healthy
control group and used published age-related refer-
ence values of the healthy population instead. Another
limitation of this study is the fact that due to the small
sample size, it was not possible to correct for disease-
modifying therapy (DMT) in MS patients in the sta-
tistical analyses. However, 82% of the MS patients
were on DMT, which indicates a relative high group
homogeneity.

In conclusion, children with MS and post-ADEM
in our study had significant problems on different
domains of physical functioning. To further
explore the associations between physical func-
tioning (physical activity, exercise capacity, motor
development) and psychosocial parameters such as
fatigue, depression, anxiety, and coping, larger
(multinational) cohorts with longitudinal data are
necessary. A possible next step would be to inves-
tigate whether an intervention with an exercise
program can improve the physical and psychoso-
cial functioning in children with MS and post-
ADEM. Finally, our data confirm that the EDSS
lacks the sensitivity in children to reflect motor
problems. This indicates that other measurements
for the assessment of physical impairments, such
as the MABCII, are needed.
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