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ABSTRACT KEYWORDS
Acquired brain injury (ABI) may cause fatigue and participation Fatigue; participation;
restrictions in young patients. However, knowledge regarding rehabilitation; brain injury;
the course of these problems over time is lacking. This study young patients
aims to describe the course of fatigue and participation and

their relationship over time in an observational two-year

follow-up study among patients(5-24 vyears) with ABI

referred for outpatient rehabilitation and their parents.
Patients/parents completed the PedsQL™Multidimensional-
Fatigue-Scale(PedsQL™MFS, totalscore/3-domains) and the
Child/Adolescent-Scale of Participation(CASP, totalscore/4-

domains). Scores ranged from 0-100: lower scores=more
fatigue/participation problems. Linear mixed models and

repeated measures correlations were used to determine the

course over time (change-scores/95%Cl) and correlations

between fatigue/participation. At baseline, 223 patients/246

parents participated with 94/104 at either T1, T2 or both.

Median age was 15 years (IQR:12-17), 74% had a traumatic

brain injury. Mean(SD) patient/parent-reported

PedsQL™MFS totalscores(baseline) were: 50.3(17.3) and 53.8

(19.1), respectively. CASP totalscores were 78.0(16.4) and

87.1(13.6). Over time, patient-reported scores improved

significantly (fatigue: + 8.8 (2.9;14.7), p < 0.05)/participation: +

105 (6.3;14.7), p<0.05)). Similar results were found

regarding parent-reported fatigue:+8.7 (3.4,13.9), p<0.05

but not regarding participation. Two years later, fatigue was

still  considerable(patients:59.1/parents:62.5). Moderate/fair

correlations between fatigue/participation over time were
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found. Fatigue and participation in young patients with ABI
improved two years after referral to rehabilitation. However,
fatigue remained a considerable problem.

Introduction

Acquired brain injury (ABI) refers to brain damage that occurs after birth and not
relating to congenital disorders (Greenwald et al., 2003). Two main causes can
be distinguished: traumatic brain injury (TBI), caused by external trauma (e.g.,
traffic accidents, sports accidents, and violence); and non-traumatic brain
injury (nTBI), caused by internal trauma (e.g., stroke, tumours, and brain inflam-
mations) (Greenwald et al., 2003; Hijdra et al., 2016). The incidence rates of ABI
among Dutch children, adolescents, and young adults are considerable; 290 per
100.000 for TBI, and 90 per 100.000 for nTBI (de Kloet et al., 2013; van Pelt et al.,
2011).

Approximately 30% of young patients with ABI do not fully recover after the
acute and subacute phases (Barlow et al., 2010; Lambregts et al., 2018b). These
patients reach a chronic phase after ABI onset with persisting social and/or cog-
nitive and/or physical and/or behavioural problems (Hypher et al., 2021; Rosema
et al.,, 2012; Starkey et al., 2018). Fatigue is often reported by children, adoles-
cents, and young adults with ABI, and/or their parents, and is known to nega-
tively influence daily life functioning (Allonsius et al., 2022; Schillinger &
Becker, 2015; van Markus-Doornbosch et al., 2020; Wilkinson et al., 2018). This
also holds for patients with other chronic conditions and even for the healthy
population (Gordijn et al, 2011; Haverman et al., 2014; Maher et al, 2015;
Nutini et al., 2009; ter Wolbeek et al., 2006). In young patients with ABI,
fatigue is often reported as a “less-visible” long-lasting problem that is generally
hard to treat due to its complexity and chronicity (Ali et al., 2022; Allonsius et al.,
2021; Allonsius et al., 2022; Anaby et al., 2012; Bedell et al., 2013; Camara-Costa
et al.,, 2020; Cicerone, 2004; de Kloet et al., 2015; Fallahpour et al., 2015; Haver-
man et al,, 2014; Keetley et al., 2021; Lambregts et al., 2018a, 2018b; Law et al.,
2011; Maher et al., 2015; Nutini et al., 2009; Renaud et al., 2020a, 2020b; Schillin-
ger & Becker, 2015; ter Wolbeek et al., 2006; van Markus-Doornbosch et al., 2016;
van Markus-Doornbosch et al., 2020; van Markus-Doornbosch et al., 2020; van
Tol et al, 2011). Furthermore, this population is known to be moderately
more, to severely more fatigued compared to healthy age-matched peers
(Allonsius et al., 2022). After acquiring a brain injury, young patients with persist-
ing problems have to adjust their lives to deal with multi-system impairments
after the injury i.e., motor impairments, cognitive impairments impacting activi-
ties and participation (e.g., reducing/quitting (sport) activities, and not fully
attending school/work). Fatigue could play a significant role, where rehabilita-
tion-based cross-sectional studies found that more fatigue could result in
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limited participation in daily life (Lambregts et al., 2018a; Schillinger & Becker,
2015; van Markus-Doornbosch et al., 2016; van Markus-Doornbosch et al.,
2020). Previous research has shown a multidirectional influence between
fatigue and participation, where more fatigue is related to more participation
restrictions in adults (aged 20-60 years) with TBI (Cantor et al., 2008; Lequerica
et al, 2017) and in young patients (aged 14-25 years) with ABI (van Markus-
Doornbosch et al., 2020).

To date, only a few studies investigated the course of fatigue over time
(Crichton et al., 2018; Lansink et al., 2018). These follow-up studies measured
fatigue among young adults with stroke, adults with cerebral palsy, and children
and adolescents with TBI and found that fatigue did not decrease significantly
over time (Crichton et al., 2018; Lansink et al., 2018). However, one of the
studies, focused exclusively on patients with TBI, (Crichton et al., 2018) while
the other study (Lansink et al., 2018) included participants with cerebral palsy
rather than TBI. Furthermore, they did not specifically look at the course of
fatigue, as reported by both patients and (their) parents, in the chronic phase
in the young ABI population nor did they investigate associations with partici-
pation over time (Crichton et al., 2018; Lansink et al., 2018).

Another important factor associated with fatigue after ABI is age, where more
fatigue was found in adolescents compared to children, (Ali et al., 2022; Allon-
sius et al., 2022; van Markus-Doornbosch et al., 2016; van Markus-Doornbosch
et al,, 2020) and young adults, (van Markus-Doornbosch et al., 2020) which
was reported by both patients and their parents (Ali et al, 2022; Allonsius
et al, 2022; van Markus-Doornbosch et al., 2016; van Markus-Doornbosch
et al,, 2020) For these adolescents, fatigue could negatively affect the transition
to adulthood. Having a nTBI and cognitive/behavioural (premorbid) problems
before the onset of ABI were also found to have a relationship with fatigue
(van Markus-Doornbosch et al.,, 2016).

Due to the lack of knowledge described above for children and young adults
with ABI, this study has two aims. First, to describe patient — and parent-
reported fatigue and participation over 2 years in children, adolescents, and
young adults (5-24 years old) with ABI referred for outpatient rehabilitation.
Second, to describe the longitudinal associations between fatigue, partici-
pation, and potentially other related factors over time.

Methods
Design and setting

This longitudinal study was part of an observational, multicenter cohort study
on family impact, fatigue, participation, and quality of life among young
Dutch patients (5-24 years old) with ABI in the outpatient rehabilitation
setting. The study was conducted between 2015 and 2019 in ten rehabilitation
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centers (out of 16 in total in The Netherlands). The study protocol was reviewed
by the medical ethical review board of the Leiden University Medical Center
(P15.165), which provided an exemption from full medical ethical review. All
local research committees from the participating centers approved the study.
In the current study, only data regarding patient, injury, and family character-
istics, as well as fatigue and participation outcomes were used, as reported by
patients and/or (their) parents over 2 years.

Participants

In this study, young patients (5-24 years) diagnosed with ABI and their parents,
referred by a general practitioner or medical specialist for outpatient rehabilita-
tion care due to complex and/or persisting daily life problems after ABI were eli-
gible to participate. Patients and parents who were unable/limited to write and/
or understand the Dutch language were excluded from this study.

Procedure

Patients and parents filled out a digital questionnaire as part of regular care in
the rehabilitation center. Patients and their parents received a digital link by
email to complete the questionnaire (www.questback.nl). The questionnaire
was filled in prior to the first appointment with the physiatrist to reduce the
influence of the content of the appointment in answering questions and formu-
lating goals. One year (T1) and two years (T2) after the first appointment, the
patients and their parents were invited voluntarily to complete the question-
naires again. Before completing the T1 and T2 questionnaires, participants
(patients and/or parents, where appropriate) signed informed consent to par-
ticipate in this study. For patients under the age of 8 years, only parents filled
out the questionnaire. Patients over the age of 16 had to give permission to
their parents to complete the questionnaires according to the Dutch law of
healthcare decision-making. All data used in this study were anonymized
before analysis and securely stored in a central database at Basalt Rehabilitation
(The Hague, The Netherlands). The Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) guidelines were used for presenting
the results (Cuschieri, 2019).

Assessments

Information from medical records

Patient information was collected from medical records by the treating rehabi-
litation physician and included: sex (male/female), date of birth, date of referral
to the rehabilitation center, age at the time of the first appointment (difference
between the date of birth and the date of referral to rehabilitation).
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Furthermore, the time between the onset of ABI and referral to rehabilitation
was calculated and divided into 2 groups: fewer than 6 months between
onset and referral and more than 6 months. Injury characteristics were noted
as well, where the categorization of ABI was divided into TBI/nTBI. If known,
TBI severity levels were divided into either mild or moderate/severe (based
on the Glasgow Coma Scale (GCS) at hospital admission (Jain & Iverson,
2020)). If the GCS was not reported and there was no history of coma or loss
of consciousness, TBI severity was considered “mild”. Causes of nTBI were
divided into stroke/cerebrovascular accidents, brain tumours, meningitis/ence-
phalitis, hypoxia/intoxication, and “other/unknown”. Due to the absence of valid
instruments to measure nTBI severity, no nTBI severity levels were reported in
this study. Finally, premorbid and current learning, behaviour, and health-
related problems were noted.

Outcome measures

To determine fatigue-related problems in young patients with ABI (reported by
patients, parents, or both), the 18-item PedsQL™Multidimensional Fatigue
Scale (MFS) was used (Varni & Limbers, 2008). The questionnaire is considered
a feasible, valid, and reliable tool to assess fatigue in patients with different
age groups and diagnoses (including ABI) and has been translated and vali-
dated in the Dutch language (Gordijn et al, 2011; Haverman et al, 2014;
Varni & Limbers, 2008). The 18 items yield a total scale score and contains ques-
tions in three domains (subscales, with 6 items each): general fatigue (e.g., “I feel
too tired to do things that | like to do”), sleep/rest fatigue (e.g., “It is hard for me
to sleep through the night”), and cognitive fatigue (e.g., “It is hard for me to
keep my attention on things”). ltems are answered on a Likert scale (0 = never
to 4 =almost always) and thereafter linearly transformed to a 0-100 scale (0
=100, 1=75, 2=50, 3=25, 4=0). Lower scores indicate more fatigue (Varni
& Limbers, 2008).

The Child and Adolescent Scale of Participation (CASP) was used to measure
participation restrictions in young patients with ABI (reported by patients,
parents, or both) and has been translated in Dutch as well (Bedell, 2009;
Resch et al., 2020). The CASP consists of 20 questions and yields a total score
and 4 domain scores: Home Participation (6 items), Community Participation
(4 items), School Participation (5 items), and Home and community living (5
items). Questions are answered on a 4-point Likert scale: 4 =age expected
(full participation), 3 = somewhat limited participation, 2 = very limited partici-
pation, and 1 =unable to participate. Scores for each item are summed and
divided by the maximum possible score based on the number of items rated.
For both the total score and the domain scores the results, multiplied by 100,
give a score between 0 and 100. Lower scores indicate more participation
restrictions (Bedell, 2009; Resch et al., 2020).
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Categorization of severity levels

Fatigue and participation severity level categorization, as proposed in previous
studies, was used in the current study to see if fatigue and participation restric-
tion severity changed over time (Allonsius et al., 2021; Allonsius et al., 2022;
Gordijn et al,, 2011; Haverman et al., 2014). To better categorize fatigue severity
levels, we used data from two previous studies among healthy children/adoles-
cents (4-18 years old) and young adults (18-30 years old) (Gordijn et al.,, 2011;
Haverman et al., 2014). These studies examined the psychometric properties
of the PedsQL MFS that established Dutch norm data for this scale among chil-
dren, adolescents, and young adults, enabling a comparison of fatigue levels in
our study to the broader Dutch population from childhood to young adulthood
(Gordijn et al.,, 2011; Haverman et al., 2014). In the current study, we distributed
patients per age group in (children 5-12 years old, adolescents 13-17, and
young adults). Fatigue severity levels were based on scores from healthy age-
matched peers and categorized as 1: “less fatigued than healthy peers’, 2:
“fatigue comparable with healthy peers’, 3: “moderately more fatigued than
healthy peers’, and 4: “severely more fatigued than healthy peers’ (Allonsius
et al.,, 2022; Gordijn et al., 2011; Haverman et al.,, 2014). PedsQL™MFS scores
less than approximately 58.0 was considered “severely more fatigued” for all
age ranges (<25 years old) (Allonsius et al., 2022). A 4-point categorization
system to distinguish between levels of participation restrictions (CASP) was
categorized as 1: “full participation”, 2: “somewhat limited participation”, 3:
“limited participation”, and 4: “very limited participation” (Allonsius et al., 2021).

Statistical analysis

Descriptive statistics were used for all variables and outcomes. All continuous
variables were expressed as medians with interquartile ranges (IQR) or means
with standard deviations (SD), based on their distributions (Kolmogorov-
Smirnoff test). Patient - and parent-reported data were analysed and reported
separately. Independent sample t-tests or Mann-Whitney-U tests (based on
their distribution) were performed to determine if there were significant differ-
ences between the TBI and nTBI groups regarding PedsQL™MFS scores at all
time points.

Fatigue and participation over time

Before conducting analyses in the current study, the authors were aware of
missing data at T1 and T2. Therefore, the procedure “missing data evaluation”
by Heymans and Eekhout (2019) to manage missing data was followed. In
line with this procedure, Little’s-test to determine if data at the follow-up
time points were “missing completely at random” (MCAR), defined as a level
of significance greater than 0.05 was performed (Heymans & Eekhout, 2019;
Little, 1988; Little, 1995). When fulfilling this definition of MCAR, the data with
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repeated measures could be analysed using a linear mixed model (Heymans &
Eekhout, 2019; Little, 1988; Little, 1995).

If data were found to be MCAR, differences over time for the 2 groups were
analysed using linear mixed models (LMM) adjusted for age and sex. In these
models, T1 and T2 were the fixed effects. At baseline, the outcomes were
expressed as means with standard deviations (SD). Change scores (95% Cl)
were reported for the different time points (T1 and T2; differences between
baseline and T1, and between T1 and T2). Fatigue and participation outcomes
were visually interpreted and compared to the respective severity categoriz-
ation that were previously described at all time points to see if severity categ-
orization of fatigue/participation changes over time (Allonsius et al., 2021;
Allonsius et al., 2022).

Associations with fatigue

To determine longitudinal associations between fatigue (PedsQL™MFS) and
participation (CASP) scores repeated measures correlations were used
(Bakdash & Marusich, 2017). With this method, the non-independence of
repeated measures was considered by determining the correlation between
two continuous variables (PedsQL™MFS and CASP) where between-patient
variance was being controlled (Bakdash & Marusich, 2017). Longitudinal cor-
relations were noted as correlation coefficients (r), p-values, degrees of
freedom (Df), and 95%Cl. The correlation coefficients’ strength was defined
as: very strong=> 0.8; moderately strong=0.6-0.8; fair=0.3-0.5; and poor
=< 0.3 (Chan, 2003). Univariate linear regression analyses were used to deter-
mine if the same factors that were associated in a previous cross-sectional
study, were still associated with fatigue at one - and two-year follow-ups
(van Markus-Doornbosch et al., 2016). The PedsQL™MFS total scores were
the dependent variables. These possible factors (independent variables)
were entered independently and one at a time i.e., age (continuous), older
age groups (adolescents/young adults versus children), sex (female versus
male), cause of ABI (nTBI versus TBI), premorbid problems (having one or
more learning and/or behavioural and/or health-related problems versus
none), current problems (having one or more learning and/or behavioural
and/or health-related problems versus none) and the timing of referral to
rehabilitation after the onset of ABI (>6 months versus <6 months). Associ-
ations were presented as P-estimates, 95% Confident intervals (95%Cl), and
p-values.

To account for potential sex-based differences in scores, as well as the
influence of age, we corrected for these variables in the LMM, the rmcorr, and
the univariate linear regression analyses. By doing so, we aimed to control for
their potential moderating effects and ensure a more accurate examination of
the relationship between fatigue and other variables of interest.
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Repeated measures correlations were performed in “R” version 4.1.0, and
module rmcorr version 0.5.2 (Bakdash & Marusich, 2017). All other data were
analysed using SPSS software, version 28.0 (IBM SPSS Statistics for Mac,
Armonk, NY: IBM Corp). The level of statistical significance was set at p <0.05

for all analyses.

Results

At baseline 223 patients and 246 parents (260 unique participants i.e., only
patients, only parents, or both the same patients and their parents) participated
in this study. Ninety-four patients and 104 parents participated either at T1, T2

or both time points (Figure 1).

wrong address/phone
number, non-responders

Patients: n=179
Parents: n=174
Total: n=186

Eligible participants for this study
Total: n=283

Excluded participants

No official ABI diagnosis: n=11

Incomplete data: n=12

Total excluded: n=23
Participants included for this study
Total cohort: n=260
Number of participants for analysis
Baseline T1 (one year after baseline) T1 (two years after baseline)
Patients: n=223 Patients!: n=44 - Patients!: n=47
Parents: n=246 Parents?: n=72 Parents: n="74
Total?: n=260 Total: n=74 Total?: n=81

*Withdrawal of study; **Withdrawal of study;

wrong address/phone
number, non-responders

Patients: n=176
Parents: n=172
Total: n=179

Figure 1. Flowchart of participants.

! Patients that participated in either T1, T2, or both: 94
Patients that participated at both T1 and T2: n = 38
2Parents that participated in either T1, T2, or both: 104
Parents that participated at both T1 and T2: n =43
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Table 1 presents the patients’ demographic and injury characteristics at base-
line (for the patient-reported data, the parent-reported data, and all participants
(patients and/or parents)). More than half of the patients (52%) were female, and
the median age was 15 years old (IQR 12-17). Seventy-four percent had a TBI,
and 79% of them were classified as “mild”. Finally, 40% of the patients were
referred for outpatient rehabilitation more than six months after ABI onset.
The patient- and parent-reported demographic and injury characteristics at
the T1/T2 time points were generally consistent when compared to baseline
data (Table 1). There were no significant differences found between patients
with TBI and nTBI regarding patient/ parent-reported fatigue scores (normally
distributed) at all time points, except for the sleep/rest fatigue domain at base-
line (see Appendix).

The LMM was conducted using data from all participants at baseline (223
patients and 246 parents) and from those who participated either at T1, T2,
or both i.e., 94 patients and 104 parents. Results of Little’s-test showed a p-
value of 0.07 (Chi-Square 22.4) which provides evidence that the missing data
at T1/T2 were MCAR, as defined as a significance level greater than 0.05. Conse-
quently, the data were analysed in an LMM where missing repeated measures
were corrected within the model.

Fatigue in young patients with ABI

PedsQL™MFS (fatigue) mean (SD) scores reported by patients at baseline and
change scores (95%Cl, p-values) at T1 and T2 are presented in Table 2.
Concerning the patient-reported baseline scores, a mean total PedsQL™MFS
score of 50.3 (SD 17.3) was found. When looking at fatigue severity categorization
compared to healthy peers, patients scored in the categories “moderately to

Table 2. Patient-reported PedsQL™MFS scores (fatigue) and Patient-reported and CASP
(participation) scores at baseline and change over time.

Baseline n =223 Baseline-T1 T1-T2
PedsQL™MFS: Patient-reported Mean (SD) Change Score (95% Cl) # Change Score (95% ClI) #
Total score 50.3 (17.3) +9.8 (4.6, 14.9) ** -1.0 (-8.1, 6.1)
General Fatigue 51.3 (22.8) +14.1 (8.0, 20.2) ** —-2.9(-11.7,5.9)
Sleep/rest fatigue 54.0 (18.4) +8.6 (3.4, 13.9) * —2.5(=9.0, 4.0)
Cognitive fatigue 45.5 (23.4) +6.5 (1.7, 14.7) +2.5 (8.0, 13.0)
CASP: Patient-reported Baseline n =223 Baseline-T1 T1-T2

Mean (SD) Change Score (95% Cl) ¥ Change Score (95% Cl) *

Total score 78.0 (16.4) +9.9 (6.2, 13.6) ** +0.6 (—4.1,5.2)
Home & community living 73.6 (22.9) +12.7 (7.7, 17.7) ** +2.5 (3.0, 8.0)
Home participation 83.5 (13.9) +7.2 (4.0, 10.4) ** —0.4 (4.3, 3.4)
Community participation 70.2 (22.8) +11.1 (5.4, 16.7) ** +1.7 (-5.6, 9.1)
School/work participation 72.6 (29.9) +18.8 (13.9, 23.7) ** —-23(-8.7,4.1)

PedsQL™MFS: PedsQL™Multidimensional Fatigue Scale. CASP: Child and Adolescent Scale for Participation.
#Based on the linear mixed model, corrected for sex and age at admission. * p-value <0.05, ** p-value
<0.001; Baseline: at admission to rehabilitation; T1: 1-year follow-up; T2: 2-year follow-up; Outcomes at baseline
were expressed as means with standard deviations (SD) and at T1 and T2 as change scores with 95% confidence
intervals (95% Cl).
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Table 3. Parent-reported PedsQL™MFS scores (fatigue) and Parent-reported and CASP
(participation) scores at baseline and change over time.

Baseline n =246 Baseline-T1 T1-T2

PedsQL™MFS: Parent-reported Mean (SD) Change Score (95% Cl) *  Change Score (95% CI) *
Total score 53.8 (19.1) +5.6 (0.6, 10.6) * +3.1 (=33, 9.5)
General Fatigue 499 (24.2) +9.9 (3.7, 16.2) * +0.3 (=7.4, 8.0)
Sleep/rest fatigue 59.1 (23.2) +6.0 (0.9, 11.2) * +3.6 (—2.6, 9.9)
Cognitive fatigue 523 (25.2) +0.8 (—6.0, 7.6) +5.3 (=3.2,13.8)
CASP: Parent-reported Baseline n =245 Baseline-T1 T1-T2

Mean (SD) Change Score (95% Cl) # Change Score (95% Cl) #
Total score 87.1 (13.6) +3.1 (0.0, 6.1) * +0.8 (=2.5, 4.1)
Home & community living 81.8 (21.8) +3.9 (-1.0, 8.8) +3.8 (-1.0,8.7)
Home participation 90.2 (11.1) +2.3 (=0.2, 4.8) +0.3 (=2.5, 3.0)
Community participation 83.0 (20.5) +3.0 (-=1.6,7.7) +1.7 (=3.3, 6.7)
School/work participation 84.6 (24.5) +9.3 (5.6, 13.0) ** —-23(-64,1.8)

PedsQL™MFS: PedsQL™Multidimensional Fatigue Scale. CASP: Child and Adolescent Scale for Participation.
#Based on the linear mixed model, corrected for sex and age at admission. * p-value <0.05, ** p-value
<0.001; Baseline: at admission to rehabilitation; T1: 1-year follow-up; T2: 2-year follow-up; Outcomes at baseline
were expressed as means with standard deviations (SD) and at T1 and T2 as change scores with 95% confidence
intervals (95% Cl).

severely more fatigued” compared to healthy peers (more than —1SD to more than
—2 SD), depending on the age. The lowest score was found in the domain “cogni-
tive fatigue”; 45.5 (SD 23.4), and the highest in “sleep/rest fatigue”; 54.0 (SD 18.4).

With respect to parent-reported fatigue at baseline (Table 3), parents
reported a mean (SD) total fatigue score for their children of 53.8 (SD 19.1).
The lowest score (49.9, SD 24.2) was found in the domain “general fatigue”,
and the highest (59.1, SD 23.2) in “sleep/rest fatigue”.

Patient-reported PedsQL™MFS scores (Table 2) improved significantly in the
first year (baseline-T1): + 9.8 (4.6;14.9) p < 0.001. In the second year, no signifi-
cant change was found (T1-T2): —1.0 (-8.1;6.1) p > 0.05. The mean score of
59.1 at T2 (50.3 (baseline) + 9.8 (T1) —1.0 (T2)) indicates that patients were still
“moderately more fatigued” compared to healthy peers. The most improvement
was found in the domain “general fatigue” between baseline and T1:+ 14.1
(8.0;20.2) p < 0.001.

Concerning the course of parent-reported fatigue over time (Table 3), the
PedsQL™MFS change scores were in line with those reported by the patients:
parents also reported scores that improved significantly in the first year (base-
line-T1):+ 5.6 (0.6;10.6) p < 0.05, but not in the second (+3.1, (—3.3;9.5), p > 0.05).

Participation restrictions in young patients with ABI

CASP mean (SD) scores at baseline and change scores (95%Cl, p-values) at T1
and T2 can be found in Table 2 (patient-reported) and Table 3 (parent-reported).

For participation scores at baseline, patients reported a mean CASP total
score of 78.0 (SD 16.4) which fell in the range of the “limited participation” cat-
egory. The lowest score was found in the domain “community participation”,
and the highest score in the domain “home participation”.
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With respect to participation scores at baseline reported by parents, a mean
CASP total score for their children of 87.1 (SD 13.6) was reported, which falls in
the range of the “somewhat limited participation” category.

Regarding the changes of patient-reported participation over time, CASP
total scores improved only significantly in the first year:+9.9 (6.2;,13.6) p <
0.001. In the second year, no significant change was found (T1-T2):+ 0.6
(—4.1, 5.2) p>0.05. The improvement over time from baseline (78.0 +9.9 +
0.6 =88.5) shows that patient-reported CASP scores changed from the
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Figure 2. Patient-reported longitudinal correlation between the PedsQL™MFS and the CASP.
Patient-reported longitudinal correlation between the PedsQL™MFS and the CASP.
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“limited participation” category to the “somewhat limited participation”
category.

Concerning the course of parent-reported participation over time, CASP total
scores improved significantly in the first year as well: + 3.1 (0.0;6.1) p < 0.05 but
not significantly in the second (+0.8, (—2.5, 4.1), p > 0.05), thus, scores remained
in the “somewhat limited participation” category two years after baseline.

Factors related to fatigue at all time points

The associations between fatigue and participation over time from the repeated
measures correlations can be found in Figure 2a,b. The repeated measures cor-
relations (patient-reported) showed a moderately strong correlation between
total fatigue (PedsQL™MFS) and total participation (CASP) scores over time (r
0.7 (95%Cl 0.6;0.8), p < 0.001). Regarding parent-reported data, a fair correlation
was found over time (r 0.5 (95%Cl 0.3;0.6) p < 0.001).

The univariate regression analyses (Table 4) showed that higher age (both
continuously and according to age groups) was significantly associated with
more fatigue (both patient- and parent-reported p < 0.05) at baseline but not

Table 4. Potential associated factors with fatigue reported by young patients with TBI/nTBI and
their parents referred for outpatient rehabilitation treatment.

PedsQL™MFS Baseline T T2

Patient-reported total scores n =223 B (95% Cl) B (95% Cl) B (95% Cl)

Age (years) —1.8 (=2.2;—-1.1)** —0.3 (=2.0;1.4) —0.1 (-=2.0;1.9)

Age group adolescents 13-17y$ —9.9 (—15.8,—4.0)** -0.3 (-=17.8,12.2) —4.7 (—21.8,12.4)
Age group young adults 18-24y$ —17.3 (-24.1; —0.03 (—17.2;,17.3) —1.6 (—22.2;19.0)

—10.5)**

Sex (female) —2.2 (—6.8;2.4) —3.7 (=13.3;5.9) 6.3 (—4.3;17.1)

Time between onset and referral > 6 1.2 (-=3.5;6.0) 3.0 (—6.5;12.5) —8.0 (—19.3;,2.9)
months

Having nTBI 4.3 (9.5;-0.1) 3.8 (—6.0;13.5) 2.7 (—9.6;14.0)

One or more premorbid problem(s)# 3.1 (-1.98.1) -11.4 (-21.7; —-16.4 (=27.7;

=1.1)* —5.1)*

One or more current problem(s)# —9.1 (—14.8,—3.4)* —8.1 (—=21.8;4.6) —9.4 (—=26.1;7.3)

PedsQL™MFS Baseline T T2
Parent-reported total scores B (95% Cl) B (95% Cl) B (95% Cl)
n=246

Age (years) —1.3 (—=2.0;,-0.7)** —0.8 (—2.0;0.4) 0.1 (=0.1;1.3)

Age group adolescents 13-17y$ —3.3(-10.7;3.9) 0.6 (—14.2;15.5) 8.3 (=22.2;5.5)
Age group young adults 18-24y$ —10.7 (-=18.9,—2.5)* 23 (-13.8;184) 3.8 (—0.9;18.0)

Sex (female) —-2.1(-6.9,2.7) —2.6 (—11.9,6.7) 24 (-7.1;12.0)

Time between onset and referral > 6 3.7 (—1.2,8.6) —-8.4 (—=17.5;0.7) —8.9 (9-18.5;0.5)
months

Having nTBI 1.8 (—3.5,7.2) —1.9 (-11.5;7.6) —6.2 (—16.7;4.3)

One or more premorbid problem(s)# —-2.5(-7.8;2.8) —-11.5 (-21.6; —-11.9 (-22.3;

—1.5)* —1.4)*
One or more current problem(s)# —11.2 (=17.2,=5.1)** —5.8 (=19.4,7.7) 0.4 (=14.3;15.1)

Univariate regression analyses, data presented as P-estimates and 95% confidence intervals (95%Cl). Ped-
sQL™NMultidimensional Fatigue Scale (MFS, 0-100, with lower scores indicating more fatigue). Fatigue total
scores are the dependent variables and possible factors influencing fatigue are the independent variables.

#Premorbid/current learning/behavioural/health-related problems.

SAdolescents (13-17 years old) versus children (5-12 years old) and young adults (18-25 years old) versus children.

* p<0.05, ** p <0.001 Significant factors.
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at T1 and T2 follow-up. Significantly more fatigue (p < 0.05) was also seen in the
specific age groups of adolescents (patient- and parent-reported)/young adults
(patient-reported) versus children. One and two years after referral, having one
or more premorbid learning/behavioural/health-related problems were signifi-
cantly associated with more fatigue (p <0.05) but not at baseline. Being
female, the time of > 6 months between referral to the rehabilitation center
and ABI onset, having nTBI, and having current learning/behavioural/health-
related problems were not significantly associated with fatigue (p > 0.05).

Discussion

The results of this study showed that young patients aged 5-24 years with ABI,
referred for outpatient rehabilitation, and their parents reported high levels of
fatigue and limited participation. Fatigue and participation outcomes improved
over the course of two years with the most improvement seen in the first year
after referral. However, patients were still moderately to severely more fatigued
compared to mean scores from healthy peers in previous studies by (Gordijn
et al., 2011; Haverman et al., 2014) and participation was still somewhat limited
after two years. Significant associations were found between fatigue and partici-
pation over time where more fatigue was related to more participation restrictions.

Fatigue: a “less-visible” and persisting problem

Regarding fatigue, both patients and their parents reported considerably low
PedsQL™MFS scores (i.e.,, more fatigue-related problems) at the time of referral
to rehabilitation and one and two years thereafter. Two years after referral,
patients were still moderately to severely more fatigued than healthy peers
(Allonsius et al., 2022).

Over time, improvements in fatigue scores occurred within the first year after
referral, and no significant improvement was reported in the second year. Two
years after referral, the PedsQL™MFS total fatigue score was comparable to
fatigue scores reported by patients (11-17 years) with ABI 5 years after onset of
ABI in a previous study (Total score current study: mean: 59.0 after two years
versus between 47.9 and 62 after 5 years) (Hypher et al., 2021). Despite the signifi-
cant improvement in fatigue scores two years after referral, young patients with
ABIin our cohort still experience more fatigue (mean: 59.0 SD: 18.7) in comparison
to healthy Dutch peers aged 5-18 years (mean: 76.8 SD: 12.9) and aged 18-25
years (mean: 72.2 SD: 14.0) (Allonsius et al., 2022; Gordijn et al.,, 2011; Haverman
etal., 2014). The lowest scores (i.e., more fatigue) were found in the domain “cog-
nitive fatigue” in both the patient and parent-reported groups at baseline. Scores
in this domain remained the lowest score found for fatigue-related problems two
years after referral. This is in line with previous studies (Hypher et al., 2021; van
Markus-Doornbosch et al., 2020). The persisting fatigue symptoms can possibly
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be explained by the presence of permanent neurological changes after ABI
(Greenwald et al., 2003). Additionally, cognitive fatigue is well known to be
present after paediatric ABI and might be more pronounced due to the injury
occurring during the developmental period of the brain in combination with
external stressors such as performing demanding and increasingly more
complex cognitive tasks at school (Hypher et al., 2021).

When comparing the results reported by patients to the results reported by
parents, the largest differences were seen in the domains “sleep/rest fatigue”
and “cognitive fatigue”, where the parents reported fewer problems in these
domains than patients did; especially in the first year after referral. Similar results
have been found in a cross-sectional rehabilitation-based study (with a smaller
sample size) at the time of referral (van Markus-Doornbosch et al., 2020). With
this, it is essential to consider the potential influence of the source reporting
fatigue, particularly as children mature and become more independent and
spend less time in the direct vicinity of their parents. As children develop, their
capacity to engage with assessment measures on their health status improves
(and increases after the age of 7), allowing them to provide more detailed internal
descriptions of their symptoms (Riley, 2004). Clinicians should be aware of poten-
tial differences in perspectives between young patients and their parents concern-
ing fatigue, as age-related changes may impact these perspectives.

Participation restrictions in the rehabilitation phase

The participation scores two years after referral are comparable to those found
in patients with ABI (aged 6-22) two years post-injury and patients with severe
TBI (aged 0-15) seven years post-injury (Camara-Costa et al., 2020; Lambregts
et al., 2018b). Patient-reported participation scores changed from “limited par-
ticipation” to “somewhat limited participation”, whereas parent-reported scores
remained in the same category (Allonsius et al., 2021).

At one year after referral, the patients in this study reported an increase of
“school/work participation” almost twice as high as the increase in other
domains. This was also seen in the parent-reported data. This might be
explained by the outpatient rehabilitation treatment focusing on the resump-
tion of school and/or work for these patients rather than activities outside of
school/work as well as the priority patients and parents give to return to
school/work above other activities. As found in previous cross-sectional
research, there were differences in perspectives between patients and their
parents regarding participation outcomes in all domains at the time of referral
to rehabilitation (Allonsius et al., 2021; van Markus-Doornbosch et al., 2020).
However, the results in this longitudinal study showed that differences in per-
spectives are less one year after referral (Allonsius et al., 2021). These results
warrant collecting both patient and parent perspectives over time since
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parents’ perspectives could reflect an outside perspective on progression
during rehabilitation treatment.

Factors and participation associated with fatigue

We found that higher age was associated with fatigue, particularly in the ado-
lescent and young adult age groups, consistent with our cross-sectional study
within the same cohort (Allonsius et al., 2022). A possible explanation includes
that adolescents and young adults face increasing demands in daily life during
their transition from childhood to adulthood (Cantor et al., 2008; Gordijn et al.,
2011; Haverman et al., 2014; Lequerica et al., 2017; ter Wolbeek et al., 2011).

However, this association of increased fatigue in older age groups was only
evident at baseline. Likely due to a high loss to follow-up at T1 and T2 this
association was not found one and two years after referral to rehabilitation. Con-
sequently, these results must be interpreted with caution when interpreting
these results over time.

Additionally, our findings showed that being female was not linked to higher
fatigue levels at any time point. These results align with previous studies invol-
ving children, adolescents, and young adults with ABI, similar to our rehabilita-
tion-based cohort, where sex was also found not to be associated with more
fatigue (Camara-Costa et al., 2020; Hypher et al., 2021; Norup et al., 2019; van
Markus-Doornbosch et al., 2016; van Markus-Doornbosch et al., 2019a; Wright-
son et al., 2020). However, other studies did report more fatigue levels within
healthy young females, (ter Wolbeek et al., 2006) females with physical disabil-
ities, (Maher et al., 2015) and females with stroke or TBI in hospital-based
cohorts (Englander et al.,, 2010; Greenham et al., 2021). Our results suggest
that in the specific population of young individuals with ABI in the outpatient
rehabilitation setting, sex plays a less prominent role. Clinicians should be
equally aware of fatigue in male and female patients in rehabilitation practice.

Another factor associated with higher fatigue was having premorbid learn-
ing, behavioural, and health-related problems were associated with more
fatigue at all time points. In line with the theory of the “coping hypothesis’
(van Zomeren & van den Burg, 1985) it is known that after sustaining an ABI,
the brain needs to work harder to compensate for impairments to cognitive
functions, resulting in fatigue (Johansson et al., 2009; van Zomeren & van den
Burg, 1985). Young patients with ABlI who had premorbid problems and then
sustained an ABI could be presumed to experience even greater challenges
post-injury, (Johansson et al., 2009; van Zomeren & van den Burg, 1985) poten-
tially engaging in further compensation relative to typically developing peers
who also sustained an ABI without premorbid problems. In clinical practice, it
is thus important to be aware of the presence of premorbid problems in
patients with ABI. Results also showed that patients in our cohort were fatigued
at the time of referral, and one and two years later, regardless of the timing of
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referral or whether they had other current learning, behaviour, and/or health-
related problems. This finding was only partly in line with a previous cross-sec-
tional rehabilitation-based study, where having nTBI was associated with more
fatigue (van Markus-Doornbosch et al., 2016).

In patient-reported data, we found a moderately strong longitudinal corre-
lation between fatigue and participation restrictions in individual patients,
which implies that more fatigue is related to more participation restrictions.
This correlation is in line with a previous follow-up study in an adult TBI popu-
lation (Lequerica et al., 2017). Whether fatigue influences participation or vice
versa, with the former assumed more likely, and whether this is a causative
relationship remains unanswered. Nonetheless, this knowledge indicates that
more fatigue problems are related to more participation restrictions. Improving
fatigue may therefore potentially lead to the ultimate goal of rehabilitation:
helping patients achieve better participation in society after ABI.

Limitations

This study had several limitations. First, many participants were lost to follow-up.
An explanation for this is that the questionnaires at TO (baseline) were completed
in terms of routine care in preparation for the first appointment; something that is
commonly asked from patients. At one (T1) and two (T2) years after referral the
guestionnaires were completed voluntarily, sometimes after contact with the reha-
bilitation center was terminated. Despite this, it is essential to note that the follow-
up data were MCAR, as indicated by Little’s test (Heymans & Eekhout, 2019; Little,
1988; Little, 1995), suggesting that missing data occurred randomly and were not
related to specific factors i.e., the values at T1 and T2 are random sample from the
dataset when it would have been complete (Heymans & Eekhout, 2019; Little,
1988; Little, 1995). We used LMM and repeated measure correlations which
accounted for the repeated measures within each participant, thus effectively cor-
recting for the missing follow-up values (Bakdash & Marusich, 2017; Heymans &
Eekhout, 2019; Little, 1988; Little, 1995). Second, our study concerned a rehabilita-
tion setting, where only patients with persisting symptoms are referred to. It
remains unclear if this specific patient selection impacts the results’ generalizabil-
ity.” Even though most of the study population had a mild injury, the proportions
with moderate-to-severe fatigue were substantial in our study which is in line with
the incidence rates of TBI and nTBI in The Netherlands ruling in favour of the gen-
eralizability of our results (de Kloet et al., 2013; van Pelt et al.,, 2011). It cannot be
ruled out though, that the patients who were referred to a rehabilitation center are
distinct from those with similar severity of brain injury who are not treated at all or
treated elsewhere. Third, the CASP is known for its “ceiling effect” (Bedell, 2009;
Resch et al., 2020). However, to date, the CASP is the only outcome measure
that takes multiple domains of restrictions and the paediatric population into
account (Bedell, 2009; de Kloet et al., 2015; Resch et al., 2020). Fourth, since
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there are no psychometric properties regarding CASP data from (healthy) Dutch
young adults (older than 18 years) concerning participation, the results in our
study should be interpreted with caution concerning this age group, although
many young adults participate in similar activities to their younger generation. Fur-
thermore, the suitability and sensitivity of this measure for the older age cohort in
terms of parents’ report as well as appropriateness of functioning and activities
examined related to age should be considered. Future research should focus on
examining suitability and possible adaptation according to age and gathering
Dutch normative data regarding the CASP for the whole age range of children
adolescents and young adults between 5 and 24 years old. Finally, as is the case
with every self-report measure, the results could be influenced by lack of compre-
hension or motivation, or (patients/parents) moment-bound stress and mood.

Conclusions and implications

To conclude, fatigue and participation restrictions are commonly reported by
young patients with ABI and their parents during the rehabilitation phase and
despite the improvements two years after referral, patients are still moderately
to severely more fatigued than healthy peers, and participation remains somewhat
limited. Fatigue is significantly associated with participation restrictions over time,
where more fatigue is related to more participation restrictions. Thus, improving
fatigue-related problems may lead to better participation outcomes, making it a
beneficial target for education, diagnostics, and interventions in rehabilitation
practice. The improvements seen in scores between referral to rehabilitation
and one year later do not follow through to the second year, which can even
be seen in various outcomes. Targeting and monitoring these “less-visible” yet
chronic problems in this population over a long period is important in clinical prac-
tice to enhance goalsetting before, during, and after rehabilitation.
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