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Abstract

Purpose To explore the characteristic quality of health profiles of children with paediatric acquired brain injury (pABI),
and to investigate whether improvement in executive function (EF) following cognitive rehabilitation is associated with
improvement in health-related quality of life (HRQOL).

Method A study of secondary endpoints in a blinded, parallel-randomised controlled trial with children (ages 10-17 years)
with pABI and executive dysfunction. Data was obtained from 73 children-parent dyads. Explorative analyses were conducted
comparing baseline with 8-week post-intervention, and 6-month follow-up data. Outcome measures included the EQ-5D-Y-
3L health dimensions and the visual analogue scale (VAS).

Results At baseline and 6-month follow-up, mean (SD) VAS were 76.22 (17.98) and 79.49 (19.82) on the parent-report, and
77.19 (16.63) and 79.09 (17.91) on the self-report, respectively. Comparing children who improved EF to those who did
not improve/worsened, no significant improvement was found for the VAS (parent-report) over time (BRIEF-BRI: F=2.19,
p=0.12, BRIEF-MI: F=2.23, p=0.12) for either group. A significant main effect by group was found for BRIEF-MI
(F=4.02, p=0.049), but no time*group interaction (F=0.414, p=0.662).

Conclusion The children and their parents reported only minor problems across EQ-5D-Y-3L dimensions and evaluated
overall health as relatively good. Participants with a clinically significant change in the metacognitive aspect of EF had
higher HRQOL. Cognitive interventions aiming to ameliorate deficits in EF in pABI may be beneficial to improve HRQOL.
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Introduction

Any injury to the brain that occurs after birth, whether it
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or illness might impose [12]. Individuals with pABI have
been found to demonstrate similar levels of HRQOL to that
of the general population [13, 14], but more often they seem
to have much poorer scores on HRQOL measures compared
to healthy peers or even other paediatric clinical populations
[15-19]. Notably, findings on the associations between self-
reported HRQOL and objective measures of health (e.g.,
injury severity indices and functional outcomes), are found
to be weak, and rather more strongly related to reports of
executive deficits, behavioural problems, fatigue, and limita-
tions in participation [18, 20, 21]. Particularly a significant
association between executive dysfunction and poor quality
of life has been confirmed in children with pABI as well
as other chronic paediatric conditions, such as epilepsy,
developmental coordination disorder, and autism spectrum
disorder [22-24].

Higher levels of HRQOL have been associated with better
subjective executive function (EF) in children and adoles-
cents with pABI [25]. From the perspective of clinicians,
this could represent a new avenue for improving the lives
of these children. Executive dysfunction and its effect on
participation and overall quality of life is of great concern.
Notably, the young brain is especially vulnerable to any dis-
ruption or insult that can cause deviations from the typical
developmental trajectory of EF [9, 26]. EF is a concept that
refers to a set of higher-level controlled cognitive processes,
such as inhibition, mental flexibility, and working memory.
These functions subtend appropriate goal-directed behaviour
and are therefore critical in managing the multiple and com-
plex tasks of daily life [27]. To date, evidence-based inter-
ventions to improve EF as well as overall health in children
and youth in the chronic phase of pABI is limited compared
to the adult ABI literature [28, 29].

In 2018 our group conducted a multicentre double-
blinded, parallel group randomised controlled trial (RCT)
on children in the chronic phase of pABI (> 12 months since
injury/illness or completion of cancer therapy), with parent-
reported executive complaints [30, 31]. Here, we investi-
gated the efficacy of a paediatric adaptation of Goal Man-
agement Training (pGMT) relative to a psychoeducational
program (paediatric Brain Health Workshop, pPBHW). An
integral part of the RCT was to explore the experiences made
by the children and their families throughout the intervention
as the new skills, strategies, and knowledge were absorbed
and consolidated, and how they perceived the effectiveness
of the intervention. After all, the perspective of the patient—
in this case the child and his/her caregivers—could be the
most potent indicator of the quality of treatment outcome
[32]. Therefore, self- and proxy-reports were conducted at
all time-points. In the questionnaire package provided, the
EuroQol 5D children and adolescent versions (EQ-5D-Y-3L)
[33] were included as a quality indicator of the intervention.
The EQ-5D-Y-3L is part of the EQ-5D family of instruments
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and it is recognised being a relatively simple, yet a good
tool for self-assessment of HRQOL in healthy populations
as well as children and adolescents with disabilities [34,
35]. The various EQ-5D instruments can in many instances
be more favourable compared to the more disease-specific
measures within rehabilitation, as they in addition to low
respondent burden include a health profile with broad rel-
evance across health problems and/or diagnoses [32].

The present study presents the subjective experiences
made by the participants throughout the above-mentioned
RCT in regard to self-reported health. Specifically, the aims
are to explore the characteristic health profiles and patterns
of HRQOL across the five health states of EQ-5D-Y-3L for
children and adolescents who undergo cognitive rehabilita-
tion as perceived by both the youths and the parents, and the
degree of agreement. Furthermore, we aim to investigate
whether improvement in EF following cognitive rehabilita-
tion is linked to perceived improvement in HRQOL. Con-
sidering the promising results of improved EF in pABI fol-
lowing intervention [31], it could be expected that HRQOL
may improve equally. However, as the improvement of cog-
nitive function seems to be mainly involving the metacogni-
tive facet of EF and not the behavioural, whether HRQOL
shows distinct patterns in relation to the two accordingly is
undecided.

Methods
Study setting and design

The data used in the present study has been collected at three
time points in tandem with a multicentre double-blinded,
parallel group RCT. We refer to the previously published
study protocol [30] for detailed information on study design,
inclusion/exclusion criteria, and intervention contents and
structure. In essence, participants were randomised (com-
puter-algorithm) to either group-based pGMT (n=38) or
pBHW (n=38). The active control (pBHW) was tailored to
keep non-specific factors constant [31]. The two treatment
groups each comprised seven modules of 2 h duration led
by experienced clinical neuropsychologists. The modules
had to be completed in a consecutive order. Following the
fourth session, the children received additional external
cuing by text messages. A combination of both in-session
practice and between-sessions exercises were applied. Par-
ticipants in both treatment groups were further divided into
smaller groups of four children each. The groups provided
the participants with a safe space for discussions concern-
ing own injury and personal life experiences. The parents
were throughout the process offered group counselling and
support for applying the various techniques into everyday
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activities and asked to consecutively review the content of
the intervention [36].

The RCT was approved by the Regional Committee for
Medical and Health Research Ethics (2017/772), Norway,
and conducted in accordance with principles of Good Clini-
cal Practice, the Helsinki Declaration and the standards for
Ethical Research Involving Children (ChildWatch Interna-
tional and UNICEF).

Sample

Eligible participants for the RCT were located based on
hospital discharge diagnosis and record information at three
hospital sites in Norway and were contacted by written invi-
tation. For participants < 16 years, written informed consent
was provided from their primary caregivers, and for par-
ticipants > 16 years both the participant and their caregivers
gave their consent. Seventy-three (96%) children and ado-
lescents, and their parents, completed the allocated interven-
tion. At 6-month follow-up, two participants failed to attend
due to cancer recurrence, resulting in 93% attendance. (See
supplementary S1 Figure for flow chart on recruitment.)

A summary of demographic, medical, and cognitive char-
acteristics is provided in Table 1. A majority of the sample
were girls (57.5%). Brain tumour was the dominant cause of
pABI (n=28), infection inflammation being the second larg-
est group (n=17), followed by TBI (n=16). The mean time
since injury was 4.8 (2.8) years, and mean age at inclusion in
the study was 13.5 (2.3) years. Although reported EF prob-
lems were an inclusion criterion, the pABI group displayed
cognitive functioning within the normal range relative to
normative data on neuropsychological tests. The median
global outcome on the paediatric version of the Glasgow
Outcome Scale Extended (GOSE Peds) was Level 6 (range
3-8) corresponding to upper moderate disability level.

Main findings of the RCT

The co-primary outcomes 6 months post-intervention were
the Behavioural Regulation Index (BRI) and Metacognition
Index (MI) of the questionnaire Behaviour Rating Inven-
tory of Executive Function (BRIEF) parent-report [37]. The
BRIEF assesses parent-reported daily life EF, with the BRI
reflecting the behavioural regulation facet to EF and the MI
representing the metacognitive. Consistent with the BRIEF
manual to indicate clinical significance, 1.5 SD above the
mean (i.e., T>65) was used as cutoff.

The study found no significant difference between the two
intervention groups for the primary outcomes (changes in
parent-reported BRIEF raw scores from baseline to 6 months
follow-up). Despite no difference in effect for the two inter-
ventions was demonstrated, the results indicated a significant
decrease in parent-reported executive dysfunction for both
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Table 1 Sample descriptives

N=73
Gender (n) Boys/girls 31/42
Age (years) at intervention M(SD) 13.48 (2.29)
10-13 years (n) 37
14-17 years (n) 36
Injury characteristics
Age (years) at injury M (SD) 8.12 (3.66)
Time (years) since injury M (SD) 4.85 (2.77)
Primary injury aetiology (n)
Traumatic brain injury 16
Brain tumour 28
Cerebrovascular accidents 5
Infection/inflammation 17
Hypoxia/Anoxia 7
GOSE Peds M(SD) 5.65 (1.45)
Intellectual abilities FSIQ M(SD) 92.49 (13.53)
BRIEF-BRI (% below clinically elevated) 79.5
BRIEF-MI (% below clinically elevated) 68.1

GOSE Peds: Glasgow Outcome Scale Extended Paediatric. Intel-
lectual abilities measured with Wechsler Intelligence Scale for Chil-
dren—>5th Edition (WISC-V). FSIQ: Full scale 1Q, n=69. Behaviour
Rating Inventory of Executive Function, Behavioural Regulation
Index (BRI) and Metacognition Index (MI): T scores>65 indicate
scores within the clinically significant range for dysfunction

intervention groups. Neither self- nor teacher-reports for
BRIEF-BRI and BRIEF-MI demonstrated any differences
in effect, further supporting the primary results [31].

Measures
Study outcome

The present study used the three-level EQ-5D-Y-3L par-
ent- and self-report [38] to measure overall HRQOL. The
EQ-5D-Y-3L is a standardised instrument developed by
the EuroQol group to assess child and adolescent HRQOL
by five dimensions of mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression with a three-level
descriptive system of “no problems”, “some problems”, and
“a lot of problems” for each of the dimensions. Responses
are coded thereafter as single-digit numbers (1, 2, or 3),
and the digits for the five dimensions provide the respond-
ent’s health state (i.e., 11111 representing no problems in
either of the dimensions, and 33333 representing extreme
problems in all five dimensions). Additionally, a visual ana-
logue scale (VAS) gathers a rating (“we would like to know
how good or bad your health is TODAY”) of the current
overall health state as perceived by the individual ranging
from O (the worst health status) to 100 (the best health sta-
tus). The proxy-version has the same characteristics as the
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self-report version. Due to low frequency across some and
extreme problems on the health dimensions, a dichotomised
variable was created: one category of having no problems,
and a second including both some problems and a lot of
problems responses. Only parent-reports have been explored
in the main LMM analyses. Self-reports are used primarily
in the initial and/or in supplementary analysis. Cronbach’s
a ranged from acceptable to good for the parent-reports
(T1=0.70, T2=0.74, T3=0.84), and low to acceptable for
the self-reports (T1=0.72, T2=0.68, T3 =0.76).

Supplementary descriptor measures

The following supplementary descriptor measures were
included in this study: (i) Baseline assessment of general
intellectual abilities (i.e., full-scale 1Q) assessed by the
Wechsler Intelligence Scale for Children-Fifth edition,
WISC-V [39]; (ii) The Glasgow Outcome Scale Extended,
paediatric version, GOSE [40]; (iii) The Behaviour Rating
Inventory of Executive Function (BRIEF) parent-report [37].
For a complete list of all measures applied in the RCT with
interpretation, see previously published study protocol [30].

Statistical analysis

All analyses were conducted using SPSS 29.0 and MedCalc
22.020, and conducted on pooled data across intervention
groups after no group differences on the primary outcome
measures in the RCT was found [31]. Frequencies and per-
centages of responders on the categorical measures (e.g.,
having no problems vs. having some problems/having severe
problems) on the EQ-5D-Y-3L dimensions), and means and
standard deviations (SD) of raw scores on the continuous
variables (e.g., EQ-5D-Y-3L VAS) are reported. The analysis
of the EQ-5D-Y-3L examined three time points: baseline
(T1), 8 weeks post-intervention (T2), and 6-month follow-
up (T3). Comparison with healthy population norms and
application of the EQ-5D-Y-3L Index score was not con-
ducted as there is yet not a social value set available for the
EQ-5D-Y-3L for Norway.

Fisher’s exact tests for the five dimensions were con-
ducted at all time-points for both parent- and self-reports,
to examine the relationship between the response of reported
problems and sex, as well as age-group. Mann Whitney U
tests were used to investigate group differences on the VAS
for the same grouping variables (age-group and sex), in

Fig. 1 Calculation of the Reli-
able Clinical Change Index

addition to parents vs. youths at 6-month follow-up. Child-
parent agreement was estimated using Cohen’s Kappa for
the EQ-5D-Y-3L dimensions, and Lin’s Concordance Cor-
relation Coefficient (CCC) for the VAS. Furthermore, to
obtain a more detailed overview of the type of child-parent
agreement of severity on the five health dimensions, three
categories labelled “child = parent”, “child > parent”, and
“child < parent” was computed for descriptive measure [41].

A Reliable Change Index (RCI) was calculated for each
participant based on parent-reported BRIEF index scores,
BRI and MI. The RCIs were calculated according to the
formula below (Fig. 1), using each participant’s pre-test
and post-test scores, and the standard deviations (SD) and
coefficient alpha (r,;,) from the normative sample for the
scale [42]. A series of Spearman correlations was applied to
examine the relationships between the parent-reported VAS
and the RClISs calculated from the raw scores of BRI and MI.
A significance level of < 0.05 was employed in all analyses.

From the calculated RCIs, a new variable was created
and coded into “negative clinical change” (including “no
clinical change”) and “positive clinical change”. Potential
within and between group differences of reported VAS on
the EQ-5D-Y-3L parent-reports for the two main clinical
change groups were explored by linear mixed-modelling
(LMM) using unstructured and restricted maximum likeli-
hood (REML) for estimation. The model included clinical
change-group, time (baseline, post-intervention (T2), and
6 months follow-up (T3), and the interaction of time and
clinical change-group as fixed factors. Significance was set
to <0.05. Bonferroni corrections for multiple comparisons
were only applied for the fixed factors in the LMM individu-
ally. Sex and age-group was added as covariates in the analy-
sis to adjust for potential influences on significant clinical
change group*time interactions.

Results

Description of EQ-5D-Y-3L health profiles
and domain severity

At baseline (T1), 29 (parent-report) and 27 (self-report)
unique health profiles emerged, with a slight reduction
at 6-month follow-up (T3) with 22 (parent) and 19 (self)
unique health profiles respectively. The health profile of
11111 was for both the parent- and self-reports the most

_ X(post) — X(pre)

RCI

2
va2s?

Standard Error (Sg) is calculated by using SD and coefficient alpha from the normative sample.
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common profile at T1 (Parent: 23.3%, Self: 24.7%, and T3
(Parent: 31.5%, Self: 30.1%). Only one 33333-profile (par-
ent) and one 33332-profile (self) emerged, which was the
case for both T1 and T3. The dimensions of “Mobility”
and “Looking after myself”” were the least affected dimen-
sions on both the parent- and self-report at all time-points
(Table 2). The most affected dimensions for both parent- and
self-reports were “Having pain or discomfort”, and “Feeling
worried, sad, or unhappy”. (See supplementary S1 Table
for an overview of the distribution of the children and par-
ent category responses for severity on the five EQ-5D-Y-3L
health dimensions.)

Differences in proportion of reported problems among
boys and girls were to some degree found in both the par-
ent- and the youths self-reports (data not included), although
trends were not consistently throughout T1 to T3. “Mobil-
ity” and “Self-care” were most problematic for boys accord-
ing to their parents. In contrast, girls were by their parents
reported to have more problems of being worried. The only
dimension revealing a close to or significant proportional
difference as reported by the youths themselves, was the
dimension of Worry, with higher numbers of girls. No asso-
ciations between the differentiating age-groups (10-13 and
14-17 years) and health dimensions were found for either of
the parent- and youth self-reports.

Child-parent agreement on the EQ-5D-Y-3L dimensions

For the five EQ-5D-Y-3L dimensions, when using the dichot-
omisation of having no problems vs. some and extreme prob-
lems responses, the child-parent dyads revealed mostly fair
to good agreement, with the dimension of “Pain and discom-
fort” at T1 as the weakest (Table 2). Parent—child agreement
improved or remained relatively stable on the dimensions of
“Mobility”, “Self-care”, and “Participation in usual activi-
ties” from T1 to T3. Agreement on the dimensions of Pain
and that of Worry, both improved at T2, but declined at T3.

Figure 2 illustrates the distribution of agreement and
disagreement types between children and parents across the

five health dimensions. From T1 to T3, there is an overall
increase in the frequency with which children and parents
selected the same response category for severity (child =par-
ent). The dimension “looking after myself” had the high-
est frequency of agreement, while the dimension “feeling
pain or discomfort” consistently had the lowest frequency
at all time points. For the two categories of disagreement
(child < parent, child > parent), across all observations,
in only two (separate) cases and on two different dimen-
sions a child-parent dyad did not chose adjacent response
categories.

EQ-5D-Y-3L VAS

On the question of how the participants perceived their over-
all health as being good/bad as rated along a scale of 0—100,
only minor fluctuations were found throughout the inter-
vention. The mean VAS (see Table 3) for both parent- and
self-reports increased from T1 to T3, with a slight reduction
at T2 on the self-reports, with the younger children having
higher scores relative to the older children/adolescents as
reported by parents. No significant group differences in VAS
emerged between boys/girls or younger/older children, how-
ever. Parent—child agreement was moderate to good.

Changes in EQ-5D-Y-3L VAS, and reliable clinical
change in EF

After collapsing the calculated BRI “no clinical change” and
“negative clinical change” groups into one, neither the “no
change/negative clinical change”—group nor the “positive
clinical change”—group demonstrated significant improve-
ments in VAS from T1 to T3 (F=2.19, p=0.12) (Table 4).
No main effect of group affiliation was found (¥=0.29,
p=0.09), and there was no time*group interaction (F=0.16,
p=0.21). For the comparable two MI-calculated clinical
change groups, there was no significant improvement of the
VAS over time for either of the “no change/negative clinical
change” and “positive clinical change”- groups (F=2.23,

Table 2 Child-parent agreement Ti ™ T3
on the health dimensions
Kappa p Kappa p Kappa p

Mobility 0.591 <0.001 Moderate 0.595 <0.001 Moderate 0.613 <001 Good
Self-care 0497 <0.001 Moderate 0.562 <0.001 Moderate 0.608 <001 Good
Usual activities 0470 <0.001 Moderate 0.564 <0.001 Moderate 0.534 <001 Moderate
Pain or discomfort 0.338 =0.004 Fair 0.609 <0.001 Good 0.558 <001 Moderate
Worry 0413 <0.001 Moderate 0.572 <0.001 Moderate 0.476 <001 Moderate

Due to low frequency across some and extreme problems, a binary measure was created: one category of
having no problems, and a second including both some problems and extreme problems responses. Alt-
man’s scale interpretation: less than or equal to 0.2: poor, between 0.21 and 0.4: fair, between 0.41 and 0.6:
moderate, between 0.61 and 0.8: good, between 0.81 and 1: very good
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Mobility T1

Self-care T1

Usual activities T1

Pain and discomfort T1

Worry, sad, and/or unhappy T1
Mobility T2

Self-care T2

Usual activities T2

Pain and discomfort T2

Worry, sad, and/or unhappy T2
Mobility T3

Self-care T3

Usual activities T3

Pain and discomfort T3

Worry, sad, and/or unhappy T3

Column
M child = parent
M child < parent
[child > parent

Fig.2 Distribution of response categories of severity for the health
dimensions reported in percent. T1=73 complete dyad responses on
all dimensions except “worry, sad, and/or unhappy” with 72 com-
plete. T2=67 complete dyad responses on all dimensions. T3=67

p=0.12). A significant main effect by group affiliation was
found (F=4.02, p=,049), but no time*group interaction
(F=0.41, p=0.66).

Discussion

The present study aimed to explore the characteristic quality
of health profiles across the five health states of EQ-5D-Y-3L
for children and adolescents who undergo cognitive reha-
bilitation as perceived by both youths and their parents, and
to investigate whether reliable clinical change in EF follow-
ing cognitive rehabilitation is linked to perceived improve-
ment in HRQOL. Despite our study not finding a significant
change in HRQOL following the interventions, attention
should be drawn towards the tendency of a differentiated
association between HRQOL and distinct behavioural and
metacognitive aspects of EF. Moreover, the HRQOL profile
formed by the health dimensions provides important infor-
mation considering how the participants appear to have only
minor problems across HRQOL dimensions, and seemingly
evaluate their overall health as being relatively good.
There was no significant improvement in VAS from
baseline to 6-month follow-up in either of the two RCI
(no/negative vs. positive clinical change) groups. This
was the case for both BRI and MI, which was different
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complete dyad responses on “mobility”, “self-care”, and “pain and
discomfort”, 64 complete dyad responses on “activities”, and 65 com-
plete dyad responses on “worry, sad and/or unhappy”

to what we had expected, although a positive trend was
more noticeable in the positive RCI groups. Potentially,
these results could be attributed to our choice of measure
in terms of it not being sensitive enough to detect sig-
nificant changes that are clinically relevant in pABI. The
choice of using EQ-5D-Y-3L as our generic measure was
a pragmatic decision in terms of it being a good patient-
oriented questionnaire frequently used in health econom-
ics research, enabling us to compare our results to others
if deemed appropriate. Disease-specific measures that
include items that are considered likely to be affected by
the specific condition or treatment in question could be
more suitable for the evaluation of clinical trials and their
influence on QOL [43]. Nonetheless, the calculated RCIs
of the metacognitive facet of EF (MI) stands out in terms
of those reporting a positive clinical change, showing a
significantly higher VAS compared to those not report-
ing a clinical change on metacognition already at baseline
and throughout the intervention. One interpretation could
be how the metacognitive aspect of EF plays a key role
in predicting participation and regulation of activities or
vice versa, subsequently contributing to the correspond-
ing physical components within HRQOL [44]. One of the
dimensions reported as being most problematic was that
of feeling pain and/or discomfort. We venture this to be a
possible indicator of the EQ-5D-Y-3L capability to capture
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Table 3 VAS descriptives and child-parent reported agreement T1-T3

M (SD)
Overall VAS

T1
N=73 (n=73/73)

T2
N=66 (1=68/67)

T3
N=67 (n=69/67)

Parent-report
Self-report
Agreement CCC [95% CI]

76.22 (17.98)
77.19 (16.63)
0.47[0.28-0.63]

77.35 (20.23)
75.87 (21.32)
0.64 [0.48-0.77]

79.49 (19.82)
79.09 (17.91)
0.65 [0.49-0.77]

VAS by age-group
Age-group 10-13

N=37 (n=37/37)

N=34 (n=35/34)

N=35 (n=36/35)

Parent-report
Self-report
Agreement CCC [95% CI]

79.73 (16.52)
77.68 (17.31)
0.48 [0.19-0.69]

82.14 (15.59)
81.5 (20.24)
0.6 [0.35-0.77]

81.67 (18.65)
81.49 (16.77)
0.66 [0.42-0.80]

Age-group 14-17

N=36 (n=36/36)

N=32 (n=33/33)

N=32 (n=33/32)

Parent-report
Self-report
Agreement CCC [95% CI]

72.61 (18.91)
76.69 (16.12)
0.46 [0.18-0.68]

72.27 (23.39)
70.06 (21.14)
0.63 [0.38-0.7]

77.12 (21.05)
76.47 (18.99)
0.64 [0.37-0.8]

VAS by sex
Boys

N=31(n=31/31)

N=30(n=31/30)

N=29 (n=30/29)

Parent-report
Self-report
Agreement CCC [95% CI]

75.68 (18.57)
77.42 (16.74)
0.47[0.14-0.7]

78.03 (18.6)
77.07 (24.75)
0.62 [0.37-0.78]

78.17 (22.52)
79.72 (20.94)
0.76 [0.56-0.88]

Girls

N=42 (42/42)

N=36 (n=37/37)

N=38 (n=38/38)

Parent-report
Self-report
Agreement CCC [95% CI]

76.62 (17.74)
77.02 (16.75)
0.48 [0.21-0.68]

76.78 (21.74) 80.51 (17.7)
74.89 (18.39) 78.61 (15.47)
0.66 [0.44-0.81] 0.5 [0.23-0.7]

Overall VAS T1: 73 complete dyads. T2: 68 parents and 67 children, 66 complete parent—child dyads. T3: 69 parents and 67 children, 67 com-

plete parent—child dyads

VAS by age-group: T1. 10-13 years: 37 complete dyads. 14—17 years: 36 complete dyads. T2: 10-13 years: Parent-report n =35, 34 self-report,
34 complete parent—child dyads. 14—17 years: Parent-report n=33, 32 self-report, 32 complete parent—child dyads. T3. 10-13 years: Parent-
reports n=36, 35 self-report, 35 complete parent—child dyads. 14—17 years: Parent-reports n =33, 32 self-report, 32 complete parent—child dyads

VAS by sex: T1. Boys—31 complete dyads, girls 42 complete dyads. T2: Parent-report boys n=31, 30 boys self-report, 30 complete parent-boy
dyads. Parent-reports girls n=37, 37 girls self-report, 36 complete parent-girl dyads. T3: Parent-reports boys n=30, 29 boys self-report, 29
complete parent-boy dyads. Parent-reports girls n=39, 38 girls self-report, 38 complete parent-girl dyads

CCC: concordance correlation coefficient. Altman’s scale interpretation: <0.2=poor, 0.21-0.4=fair, 0.41-0.6 =moderate, 0.61-0.8 =good,

0.81-1=very good

an important nuance of the association between HRQOL
and the metacognitive aspect of EF.

Some may question the relevance of applying RCI (clini-
cal change) as grouping variables rather than differentiating
by intervention group (in this case pGMT vs. pBHW). The
intervention groups have been similar without any significant
differences on any of the primary and secondary outcomes.
We argue that for the present study in which the purpose was
to investigate HRQOL as perceived by the participants, RCI
is a means to provide us with information that would have
been lost otherwise. For instance, it is interesting to note that
even though not significant, those who had a positive clinical
change in EF following the intervention, had higher VAS
already at baseline and throughout the intervention. Whether

this is an expression of the children being more satisfied
with their HRQOL because of their capabilities in EF [18],
or if it rather demonstrates how children reporting poorer
HRQOL are struggling with specific aspects of EF remains
to be decided. Whatever the direction, HRQOL could be
a more reliable point of reference for predicting treatment
outcome than neuropsychological assessments. Compared to
adult ABI, the extent and pervasiveness of problems are less
likely to be identified until years after the acute period and
initial recovery [45], as deficits may not become fully appar-
ent until the cognitive processes are expected to be fully
developed [46], or until the cognitive and social demands
and expectations to the child reach a critical level [8]. Many
of these children will perform within the normal cognitive
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Table 4 Changes in HRQOL

Measure Group Baseline 8-week

Mean [95%CI] Tl T2

VAS BRIEF-BRI
(parent-report)

NC 74.4 [68.95-79.85]

75.2[69.11-81.3]

CcC 79.44 [72.13-86.75] 80.74 [72.44-89.03] 86.52 [78.85-94.19]

Total

VAS BRIEF-MI (parent-
report)

NC 73.24 [67.6-78.89]
CC 79.68 [72.85-86.5]
Total

73.49 [67.28-79.7]
83.64 [75.89-91.39] 84.84 [77.48-92.19]
76.46 [72.03-80.89] 78.57 [73.6-83.53]

76.92 [72.36-81.48] 77.97[72.82-83.12] 80.9 [76.13-85.7]

6-months Group Time Group *time Group *time
T3 P p P df

0.91 0.12 0.21 1.61
75.29 [69.54-81.05]

0.049* 0.11 0.68 0.41

76.37[70.35-82.38]

80.6 [75.85-85.35]

RCI group: NC=No clinical change, CC=Clinical change. Based upon the EF measures derived from the BRIEF parent-report, 41 (BRI) and
32 (MI) participants had no change RCI, 4 (BRI) and 9 (MI) participants had a negative RCI, and 25 (BRI) and 28 (MI) participants had a posi-

tive RCI. *: sig. <0.05. BRIEF-MI 5 missing, BRIEF-BRI 4 missing

range, yet they undeniably can display problems with EF,
resulting in impaired adaptive and social functioning [47].
This illustrates how determining a child’s functioning level
or even treatment outcome solely on cognitive measures can
have its limitations in this clinical population. How treat-
ment and outcome is perceived by both the child and their
family, might offer a better way to evaluate the treatment’s
effectiveness and determine whether a neurocognitive inter-
vention should be implemented any further. Considering the
association between EF and HRQOL, improvements in EF
could potentially improve HRQOL accordingly. Hence, if
we rethink how the success of a neurocognitive interventions
that targets EF should be measured, more children could
benefit.

Our results corroborate the important role cognition has
to life quality. Specifically, our study suggests that improve-
ment in metacognitive rather than the behavioural regula-
tion aspect of EF is likely to positively influence HRQOL.
However, as our sample was within the clinically normal
cognitive range according to BRIEF, their cognitive prob-
lems in some areas could be too subtle to be detected by
the EQ-5D-Y-3L. A 3-level value system for reported prob-
lems on the HRQOL dimensions may not provide a good
enough differentiation of perceived problems, resulting in,
on a day-to-day basis, the children’s performance therefore
being perceived as acceptable enough for them to pass as
relatively well-functioning. Changes in behavioural regula-
tive processes could potentially be obscured. It is notewor-
thy that in adult ABI, facets to EF like inhibition, emotion
control, and self-monitoring are found to contribute quite
strongly to the mental components of HRQOL [44]. Con-
sidering the second most problematic dimension reported
on the EQ-5D-Y-3L was that of “feeling worried, sad, or
unhappy”, this is clearly an important domain to investi-
gate further. A body of research demonstrates that there are

@ Springer

characteristic cognitive growth curves for various EF sub-
domains that are seemingly in play in pABI, signifying the
importance of time when interpreting level of function and
disability in this clinical population [9, 48, 49]. In any case,
these children and adolescents may have reduced metacogni-
tive skills and therefore have limited insight into the impact
of their reduced executive skills on their performance [50].
Additionally, how parents and children report HRQOL are
most likely influenced both by measure used and the age
of the child [51]. In the end, however, whether a change in
HRQOL would be defined as clinically meaningful is set by
the premise of who’s experiencing it [52].

Regarding the estimation of HRQOL, very few partici-
pants reported the worst severity level (level 3) on the vari-
ous EQ-5D-Y-3L dimensions. The health profile of 11111
was for both the parent- and self-reports the most common
profile at all time points. Notably, “feeling pain and discom-
fort”, and “being worried”, seem to be the dimensions that
are most problematic as reported by both the youths and
parents. Potentially we could have obtained a more nuanced
picture of their health profiles if we had chosen the 5-level
version of the EQ-5D-Y. However, as mainly the first and
second levels were used by most participants, it is not unrea-
sonable to believe that 3 levels are sufficient. Moreover, in
a systematic review, a similar trend was noted, especially
in the general population of school pupils, but also among
some patient populations [33]. The authors highlight that
this skewness is not unexpected as the EQ-5D is constructed
to measure deviations in health, rather than positive health.
Arguably, extending the number of levels does not neces-
sarily give clear superiority to the EQ-5D-Y-5L over EQ-
5D-Y-3L. In fact, relevant to our study, the selection of EQ-
5D-Y-3L may be more suitable than the 5-level, when the
population of the study is younger or where a lower literacy
level is anticipated [53].
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Parents and youths were mostly in agreement when esti-
mating their HRQOL. Notably, there was a moderate dis-
crepancy in child-parent reports on the two health dimen-
sions “feeling pain and discomfort”, and “being worried”.
Over time, the disagreement was reduced for the overall
group. The problem of proxy-child disagreement is well-
known across various populations. Children and parent rat-
ings of HRQOL dimensions that are less observable (e.g.,
emotional and social functioning) tend to be in less agree-
ment than for dimensions related to e.g., physical function-
ing and participation in general [23, 54-56]. Specifically,
in pABI populations, studies have found evidence for the
parents to report less favourable outcomes on HRQOL [14].
Other studies find parents to rate the HRQOL of their chil-
dren higher than the children do themselves across HRQOL
dimensions [18, 19]. Indeed, when exploring HRQOL of
young individuals in the chronic phase of pABI, parent-
reports could be sufficient when looking at the overall clini-
cal group. However, we know children with pABI do tend to
report a broader range of negative emotions such as worry,
sadness, shame, and guilt as being much more problematic
than physical limitations [57]. How much children and par-
ents focus on psychosocial consequences compared to physi-
cal concerns in relation to having a chronic health condition
may be influenced by the severity of injury symptoms and
how it is perceived [3, 58]. Thus, parents may not be able
to fully understand the experiences of their children. This
has clinical relevance considering parents, based upon their
perceptions of their children’s health, largely will function
as the clinical decision-makers [55].

Strengths and limitations

The present study represents an important contribution
to the knowledge base on children and adolescents in the
chronic phase of pABI regarding their HRQOL. Given the
robust RCT design targeted to improve EF, a factor that is
well-known to influence HRQOL, preliminary findings are
provided on how a cognitive intervention that is specially
designed for this clinical group potentially can be used to
influence HRQOL. Our findings must be interpreted with
some caution, however, due to methodological limitations.

Our study is limited to Norwegian children and adoles-
cents with pABI, which restricts us to a small and hetero-
geneous study sample. Studies with large enough samples
so differentiation of various pABI aetiologies can be per-
formed would be preferable considering the heterogene-
ity of this clinical group. However, the present study is
unique regarding the clinical population that is chosen for
study, and the choice of EQ-5D-Y-3L as the measurement.
The various EQ-5D measures are still being validated for

use in Norway, and consequently, there is yet not a social
value set available for the EQ-5D-Y-3L/5L. However, the
measure has been well-validated and is reliable in other
populations, thus, studies like ours are therefore valuable
and needed.

Considering our data is collected in tandem with an
RCT, another relevant issue emerges that is linked to our
choice of the EQ-5D-Y-3L as our HRQOL measure. As a
generic measure, it is not necessarily the most favourable
choice when evaluating our RCT, as such measures tend
to lack sensitivity to detect small but clinically signifi-
cant changes in HRQOL over time [43]. EQ-5D question-
naires are more often thought used in health economics
appraisals, but its usefulness in non-economic contexts
such as measuring HRQOL is not uncommon [59]. In
the circumstance of our study, both intervention groups
were designed according to the assumption that if operat-
ing within a framework that focuses on real-life contexts
including everyday routines of the child’s life at home,
this will generate a potential generalisable effect on other
areas of functioning that is important for life quality [35,
60]. We believe that our choice of measure can serve both
purposes, at least it can set a discourse on this matter.

Lastly, the significant physical, cognitive, emotional,
and social changes that children undergo during devel-
opment represent an important methodological challenge
when investigating HRQOL among young children and
adolescents. The changes in their priorities and their
value system to how they rate various life domains will
be substantial and noticeable, and thus, may impact their
reporting of HRQOL at different time points [10]. Hence,
assessment of HRQOL of all children with pABI should
be an inherent element of their health monitoring from the
time the pABI occurs and into adulthood.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11136-024-03838-2.

Acknowledgements The authors thank all participants who contributed
to the RCT study.

Author contributions HS contributed to the analysis and interpretation
of results, drafting of the manuscript, critical manuscript revision, and
final approval. TBR contributed to statistical analysis. TBR, RH, AEB,
TGF, SA, KR, and JS contributed to study design, data acquisition, and
manuscript editing. JS was also the principal investigator and respon-
sible for the funding of the present follow-up study. All authors con-
tributed to the article and approved the final version of the manuscript.

Funding Open access funding provided by University of Oslo (incl
Oslo University Hospital). This study received funding from The
Research Council of Norway [Grant No. 260680/H10] and Founda-
tion DAM.

Data availability The data presented in this study will not be widely
accessible due to Norwegian legislation and for the protection of

@ Springer


https://doi.org/10.1007/s11136-024-03838-2

586

Quality of Life Research (2025) 34:577-588

personal information of vulnerable young children and adolescents.
Further inquiries can be directed to the corresponding author.

Declarations

Conflict of interest The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Ethical approval Approval was obtained by the Regional Committee
for Medical and Health Research Ethics (REC) Norway in 2017; ref-
erence 2017/772. The authors affirm that written informed consent
for participation and publication was given by all participants before
inclusion.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Anderson, V., Spencer-Smith, M., & Wood, A. (2011). Do chil-
dren really recover better? Neurobehavioural plasticity after early
brain insult. Brain, 134,2197-2221. https://doi.org/10.1093/brain/
awrl103

2. Bell, H., Ownsworth, T., Lloyd, O., Sheeran, N., & Chambers, S.
(2018). A systematic review of factors related to children’s qual-
ity of life and mental health after brain tumor. Psycho-Oncology,
27(10), 2317-2326. https://doi.org/10.1002/pon.4850

3. Holthe, I. L., Dahl, H. M., Rohrer-Baumgartner, N., Eichler, S.,
Elseth, M. F., Holthe, @., Berntsen, T., Yeates, K. O., Andelic,
N., & Lgvstad, M. (2022). Neuropsychological impairment, brain
injury symptoms, and health-related quality of life after pediat-
ric TBI in Oslo. Frontiers in Neurology. https://doi.org/10.3389/
fneur.2021.719915

4. Jonsson, C. C., Emanuelson, I. M., & Smedler, A. C. (2014).
Variability in quality of life 13 years after traumatic brain injury
in childhood. International Journal of Rehabilitation Research,
37(4), 317-322. https://doi.org/10.1097/MRR.0000000000
000073

5. Le Fur, C., Camara-Costa, H., Francillette, L., Opatowski, M.,
Toure, H., Brugel, D., Laurent-Vannier, A., Meyer, P., Watier, L.,
Dellatolas, G., & Chevignard, M. (2020). Executive functions and
attention 7 years after severe childhood traumatic brain injury:
Results of the Traumatisme Grave de I’Enfant (TGE) cohort.
Annals of Physical and Rehabilitation Medicine, 63(4), 270-279.
https://doi.org/10.1016/j.rehab.2019.09.003

6. Rivara, F. P., Koepsell, T. D., Wang, J., Temkin, N., Dorsch, A.,
Vavilala, M. S., Durbin, D., & Jaffe, K. M. (2011). Disability 3,
12, and 24 Months after traumatic brain injury among children
and adolescents. Pediatrics, 128(5), e1129—1138. https://doi.org/
10.1542/peds.2011-0840

7. Wilkinson, J., Marmol, N. L., Godfrey, C., Wills, H., van Eijnd-
hoven, Q., Botchway, E. N., Sood, N., Anderson, V., & Catroppa,

@ Springer

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

C. (2018). Fatigue following paediatric acquired brain injury
and its impact on functional outcomes: A systematic review.
Neuropsychology Review, 28, 73-87. https://doi.org/10.1007/
s11065-018-9370-z

Anderson, V., Brown, S., Newitt, H., & Hoile, H. (2011). Long-
term outcome from childhood traumatic brain injury: Intellectual
ability, personality, and quality of life. Neuropsychology, 25(2),
176-184. https://doi.org/10.1037/a0021217

Pancaldi, A., Pugliese, M., Migliozzi, C., Blom, J., Cellini, M.,
& Tughetti, L. (2023). Neuropsychological outcomes of children
treated for brain tumors. Children, 10(3), 472. https://doi.org/10.
3390/children10030472

. Dijkers, M. P. (2004). Quality of life after traumatic brain injury:

A review of research approaches and findings. Archives of Physi-
cal Medicine and Rehabilitation, 85(4 Suppl 2), S21-S35. https://
doi.org/10.1016/j.apmr.2003.08.119

Varni, J. W., & Limbers, C. A. (2009). The pediatric quality
of life inventory: Measuring pediatric health-related quality of
life from the perspective of children and their parents. Pediatric
Clinics of North America, 56(4), 843—-863. https://doi.org/10.
1016/j.pcl.2009.05.016

Cieza, A., & Stucki, G. (2008). The international classification
of functioning disability and health: Its development process
and content validity. European Journal of Physical and Reha-
bilitation Medicine, 44(3), 303-313.

Macartney, G., Stacey, D., Harrison, M. B., & Van Den Kerkhof,
E. (2014). Symptoms, coping, and quality of life in pediatric
brain tumor survivors: A qualitative study. Oncology Nurs-
ing Forum, 41(4), 390-398. https://doi.org/10.1188/14.ONF.
390-398

Ilmer, E. C., Lambregts, S. A., Berger, M. A., de Kloet, A. J., Hil-
berink, S. R., & Roebroeck, M. E. (2016). Health-related quality
of life in children and youth with acquired brain injury: Two years
after injury. European Journal of Paediatric Neurology: EJPN:
Official Journal of the European Paediatric Neurology Society,
20(1), 131-1309. https://doi.org/10.1016/j.ejpn.2015.09.003
Erickson, S. J., Montague, E. Q., & Gerstle, M. A. (2010). Health-
related quality of life in children with moderate-to-severe trau-
matic brain injury. Developmental Neurorehabilitation, 13(3),
175-181. https://doi.org/10.3109/17518420903479867

Limond, J., Dorris, L., & McMillan, T. M. (2009). Quality of life
in children with acquired brain injury: Parent perspectives 1-5
years after injury. Brain Injury, 23(7), 617-622. https://doi.org/
10.1080/02699050902997870

Macartney, G., Harrison, M. B., VanDenKerkhof, E., Stacey, D.,
& McCarthy, P. (2014). Quality of life and symptoms in pediatric
brain tumor survivors: A systematic review. Journal of Pediatric
Oncology Nursing: Official Journal of the Association of Pediat-
ric Oncology Nurses, 31(2), 65-77. https://doi.org/10.1177/10434
54213520191

Netson, K. L., Ashford, J. M., Skinner, T., Carty, L., Wu, S., Mer-
chant, T. E., & Conklin, H. M. (2016). Executive dysfunction
is associated with poorer health-related quality of life in pediat-
ric brain tumor survivors. Journal of Neuro-Oncology, 128(2),
313-321. https://doi.org/10.1007/s11060-016-2113-1

Sturms, L. M., van der Sluis, C. K., Groothoff, J. W., ten Duis,
H.J., & Eisma, W. H. (2003). Young traffic victims’ long-term
health-related quality of life: Child self-reports and parental
reports. Archives of Physical Medicine and Rehabilitation, 84(3),
431-436. https://doi.org/10.1053/apmr.2003.50015
Céamara-Costa, H., Opatowski, M., Francillette, L., Toure, H., Bru-
gel, D., Laurent-Vannier, A., Meyer, P., Watier, L., Dellatolas, G.,
& Chevignard, M. (2020). Self-and parent-reported quality of life
7 years after severe childhood traumatic brain injury in the Trau-
matisme Grave de 1’Enfant cohort: Associations with objective


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/brain/awr103
https://doi.org/10.1093/brain/awr103
https://doi.org/10.1002/pon.4850
https://doi.org/10.3389/fneur.2021.719915
https://doi.org/10.3389/fneur.2021.719915
https://doi.org/10.1097/MRR.0000000000000073
https://doi.org/10.1097/MRR.0000000000000073
https://doi.org/10.1016/j.rehab.2019.09.003
https://doi.org/10.1542/peds.2011-0840
https://doi.org/10.1542/peds.2011-0840
https://doi.org/10.1007/s11065-018-9370-z
https://doi.org/10.1007/s11065-018-9370-z
https://doi.org/10.1037/a0021217
https://doi.org/10.3390/children10030472
https://doi.org/10.3390/children10030472
https://doi.org/10.1016/j.apmr.2003.08.119
https://doi.org/10.1016/j.apmr.2003.08.119
https://doi.org/10.1016/j.pcl.2009.05.016
https://doi.org/10.1016/j.pcl.2009.05.016
https://doi.org/10.1188/14.ONF.390-398
https://doi.org/10.1188/14.ONF.390-398
https://doi.org/10.1016/j.ejpn.2015.09.003
https://doi.org/10.3109/17518420903479867
https://doi.org/10.1080/02699050902997870
https://doi.org/10.1080/02699050902997870
https://doi.org/10.1177/1043454213520191
https://doi.org/10.1177/1043454213520191
https://doi.org/10.1007/s11060-016-2113-1
https://doi.org/10.1053/apmr.2003.50015

Quality of Life Research (2025) 34:577-588

587

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

and subjective factors and outcomes. Quality of Life Research,
29(2), 515-528. https://doi.org/10.1007/s11136-019-02305-7
Connell, T., Paterson, J., Roberts, R. M., Raghavendra, P., Sawyer,
M., & Russo, R. N. (2018). Clinician modifiable factors associated
with better quality of life in children with acquired brain injury
undergoing rehabilitation. Brain Injury, 32(4), 423-430. https://
doi.org/10.1080/02699052.2018.1429661

De Vries, M., & Geurts, H. (2015). Influence of autism traits
and executive functioning on quality of life in children with
an autism spectrum disorder. Journal of Autism and Develop-
mental Disorders, 45(9), 2734-2743. https://doi.org/10.1007/
$10803-015-2438-1

Love, C. E., Webbe, F., Kim, G., Lee, K. H., Westerveld, M., &
Salinas, C. M. (2016). The role of executive functioning in qual-
ity of life in pediatric intractable epilepsy. Epilepsy & Behavior:
E&B, 64(Pt A), 37-43. https://doi.org/10.1016/j.yebeh.2016.08.
018

Karras, H. C., Morin, D. N., Gill, K., Izadi-Najafabadi, S., &
Zwicker, J. G. (2019). Health-related quality of life of children
with developmental coordination disorder. Research in Devel-
opmental Disabilities, 84, 85-95. https://doi.org/10.1016/j.ridd.
2018.05.012

Hypher, R., Andersson, S., Finnanger, T. G., Brandt, A. E., Hoo-
relbeke, K., Lie, H. C., Barder, H. E., Larsen, S. M., Risnes, K.,
Rg, T. B., & Stubberud, J. (2021). Fatigue following pediatric
acquired brain injury: Interplay with associated factors in a clini-
cal trial population compared to healthy controls. Neuropsychol-
ogy, 35(6), 609-621. https://doi.org/10.1037/neu0000753

King, D. J., Seri, S., Beare, R., Catroppa, C., Anderson, V. A.,
& Wood, A. G. (2020). Developmental divergence of structural
brain networks as an indicator of future cognitive impairments
in childhood brain injury: Executive functions. Developmental
Cognitive Neuroscience, 42, 100762. https://doi.org/10.1016/j.
den.2020.100762

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., How-
erter, A., & Wager, T. D. (2000). The unity and diversity of execu-
tive functions and their contributions to complex “Frontal Lobe”
tasks: A latent variable analysis. Cognitive Psychology, 41(1),
49-100. https://doi.org/10.1006/cogp.1999.0734

Keetley, R., Radford, K., & Manning, J. C. (2019). A scoping
review of the needs of children and young people with acquired
brain injuries and their families. Brain Injury, 33(9), 1117-1128.
https://doi.org/10.1080/02699052.2019.1637542

Laatsch, L., Dodd, J., Brown, T., Ciccia, A., Connor, F., Davis, K.,
Doherty, M., Linden, M., Locascio, G., Lundine, J., & Murphy, S.
(2019). Evidence-based systematic review of cognitive rehabili-
tation, emotional, and family treatment studies for children with
acquired brain injury literature: From 2006 to 2017. Neuropsycho-
logical Rehabilitation, 30(1), 130-161. https://doi.org/10.1080/
09602011.2019.1678490

Hypher, R. E., Brandt, A. E., Risnes, K., Rg, T. B, Skovlund, E.,
Andersson, S., Finnanger, T. G., & Stubberud, J. (2019). Paedi-
atric goal management training in patients with acquired brain
injury: Study protocol for a randomised controlled trial. British
Medical Journal Open, 9(8), €029273. https://doi.org/10.1136/
bmjopen-2019-029273

Brandt, A. E., Finnanger, T. G., Hypher, R. E., Rg, T. B., Skov-
lund, E., Andersson, S., Risnes, K., & Stubberud, J. (2021). Reha-
bilitation of executive function in chronic paediatric brain injury:
A randomized controlled trial. BMC Medicine, 19, 253. https://
doi.org/10.1186/s12916-021-02129-8

Garratt, A. M., Engen, K., Kjeldberg, I. R., Nordvik, J. E., Ring-
heim, 1., Westskogen, L., & Becker, F. (2024). Use of EQ-5D-5L
for assessing patient-reported outcomes in a national register for
specialized rehabilitation. Archives of Physical Medicine and

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Rehabilitation, 105(1), 40-48. https://www.sciencedirect.com/
science/article/pii/S0003999323003040#bib0004

Golicki, D., & Mtynczak, K. (2022). Measurement properties
of the EQ-5D-Y: A systematic review. Value in Health, 25(11),
1098-3015. https://doi.org/10.1016/j.jval.2022.05.013
Burstrom, K., Bartonek, A., Brostrom, E. W., Sun, S., & Egmar,
A. C.(2014). EQ-5D-Y as a health-related quality of life measure
in children and adolescents with functional disability in Sweden:
Testing feasibility and validity. Acta Paediatrica, 103(4), 426—
435. https://doi.org/10.1111/apa.12557

Svedberg, P., Eriksson, M., & Boman, E. (2013). Associations
between scores of psychosomatic health symptoms and health-
related quality of life in children and adolescents. Health and
Quality of Life Outcomes, 11, 176. https://doi.org/10.1186/
1477-7525-11-176

Sargénius, H. L., Andersson, S., Haugen, 1., Hypher, R., Brandt,
A. E., Finnanger, T. G., Rg, T. B., Risnes, K., & Stubberud, J.
(2023). Cognitive rehabilitation in paediatric acquired brain
injury—A 2-year follow-up of a randomised controlled trial.
Frontiers in Neurology, 14, 1173480. https://doi.org/10.3389/
fneur.2023.1173480

Gioia, G. A., Isquith, P. K., Guy, S. C., & Kenworthy, L. (2000).
Behavior rating inventory of executive function: Professional
manual. Psychological Assessment Resources Inc.
Ravens-Sieberer, U., Wille, N., Badia, X., Bonsel, G., Burstrom,
K., Cavrini, G., Devlin, N., Egmar, A. C., Gusi, N., & Herdman,
M. (2010). Feasibility, reliability, and validity of the EQ-5D-Y:
Results from a multinational study. Quality of Life Research,
19(6), 887-897. https://doi.org/10.1007/s11136-010-9649-x
Wechsler, D. (2014). Wechsler intelligence scale for children—
fifth edition (WISC-V). Pearson.

Beers, S. R., Wisniewski, S. R., Garcia-Filion, P., Tian, Y., Hah-
ner, T., Berger, R. P., Bell, M. J., & Adelson, P. D. (2012). Validity
of a pediatric version of the glasgow outcome scale-extended.
Journal of Neurotrauma, 29(6), 1126—1139. https://doi.org/10.
1089/neu.2011.2272

Poulain, T., Vogel, M., Meigen, C., Spielau, U., Hiemisch, A., &
Kiess, W. (2020). Parent-child agreement in different domains of
child behavior and health. PLoS ONE, 15(4), €0231462. https://
doi.org/10.1371/journal.pone.0231462

Jacobson, N. S., & Truax, P. (1991). Clinical significance: A sta-
tistical approach to defining meaningful change in psychotherapy
research. Journal of Consulting and Clinical Psychology, 59(1),
12-19. https://doi.org/10.1037/0022-006X.59.1.12

Clarke, S. A., & Eiser, C. (2004). The measurement of health-
related quality of life (QOL) in paediatric clinical trials: A system-
atic review. Health and Quality of Life Outcomes, 2, 66. https://
doi.org/10.1186/1477-7525-2-66

Cantisano, N., Menei, P., Roualdes, V., Seizeur, R., Allain, P.,
Le Gall, D., Roy, A., Dinomais, M., Laurent, A., & Besnard, J.
(2021). Relationships between executive functioning and health-
related quality of life in adult survivors of brain tumor and
matched healthy controls. Journal of Clinical and Experimental
Neuropsychology, 43(10), 980-990. https://doi.org/10.1080/13803
395.2022.2040432

Limond, J., Adlam, A.-L.R., & Cormack, M. (2014). A model
for pediatric neurocognitive interventions: Considering the role
of development and maturation in rehabilitation planning. The
Clinical Neuropsychologist, 28(2), 181-198. https://doi.org/10.
1080/13854046.2013.873083

Chevignard, M., Kerrouche, B., Krasny-Pacini, A., Mariller, A.,
Pineau-Chardon, E., Notteghem, P., Prodhomme, J., Le Gall, D.,
Roulin, J.-L., Fournet, N., & Roy, Ar. (2017). Ecological assess-
ment of everyday executive functioning at home and at school
following childhood traumatic brain injury using the BRIEF

@ Springer


https://doi.org/10.1007/s11136-019-02305-7
https://doi.org/10.1080/02699052.2018.1429661
https://doi.org/10.1080/02699052.2018.1429661
https://doi.org/10.1007/s10803-015-2438-1
https://doi.org/10.1007/s10803-015-2438-1
https://doi.org/10.1016/j.yebeh.2016.08.018
https://doi.org/10.1016/j.yebeh.2016.08.018
https://doi.org/10.1016/j.ridd.2018.05.012
https://doi.org/10.1016/j.ridd.2018.05.012
https://doi.org/10.1037/neu0000753
https://doi.org/10.1016/j.dcn.2020.100762
https://doi.org/10.1016/j.dcn.2020.100762
https://doi.org/10.1006/cogp.1999.0734
https://doi.org/10.1080/02699052.2019.1637542
https://doi.org/10.1080/09602011.2019.1678490
https://doi.org/10.1080/09602011.2019.1678490
https://doi.org/10.1136/bmjopen-2019-029273
https://doi.org/10.1136/bmjopen-2019-029273
https://doi.org/10.1186/s12916-021-02129-8
https://doi.org/10.1186/s12916-021-02129-8
https://www.sciencedirect.com/science/article/pii/S0003999323003040#bib0004
https://www.sciencedirect.com/science/article/pii/S0003999323003040#bib0004
https://doi.org/10.1016/j.jval.2022.05.013
https://doi.org/10.1111/apa.12557
https://doi.org/10.1186/1477-7525-11-176
https://doi.org/10.1186/1477-7525-11-176
https://doi.org/10.3389/fneur.2023.1173480
https://doi.org/10.3389/fneur.2023.1173480
https://doi.org/10.1007/s11136-010-9649-x
https://doi.org/10.1089/neu.2011.2272
https://doi.org/10.1089/neu.2011.2272
https://doi.org/10.1371/journal.pone.0231462
https://doi.org/10.1371/journal.pone.0231462
https://doi.org/10.1037/0022-006X.59.1.12
https://doi.org/10.1186/1477-7525-2-66
https://doi.org/10.1186/1477-7525-2-66
https://doi.org/10.1080/13803395.2022.2040432
https://doi.org/10.1080/13803395.2022.2040432
https://doi.org/10.1080/13854046.2013.873083
https://doi.org/10.1080/13854046.2013.873083

588

Quality of Life Research (2025) 34:577-588

47.

48.

49.

50.

51.

52.

53.

54.

55.

questionnaire. Journal of Head Trauma Rehabilitation, 32(6),
E1-E12. https://doi.org/10.1097/HTR.0000000000000295

Lo, W., Gordon, A., Hajek, C., Gomes, A., Greenham, M., Per-
kins, E., Zumberge, N., Anderson, V., Yeates, K. O., & Mackay,
M. T. (2014). Social competence following neonatal and child-
hood stroke. International Journal of Stroke: Official Journal of
the International Stroke Society, 9(8), 1037-1044. https://doi.org/
10.1111/ijs.12222

Anderson, V., & Catroppa, C. (2005). Recovery of executive
skills following paediatric traumatic brain injury (TBI): A 2-year
follow-up. Brain Injury, 19(6), 459-470. https://doi.org/10.1080/
02699050400004823

Keenan, H. T., Clark, A. E., Holubkov, R., Cox, C. S., Jr., &
Ewing-Cobbs, L. (2021). Trajectories of children’s executive func-
tion after traumatic brain injury. JAMA. https://doi.org/10.1001/
jamanetworkopen.2021.2624

Lloyd, O., Ownsworth, T., Fleming, J., Jackson, M., & Zimmer-
Gembeck, M. (2021). Impaired self-awareness after pediatric
traumatic brain injury: Protective factor or liability? Journal of
Neurotrauma, 38(5), 616-627. https://doi.org/10.1089/neu.2020.
7191

Khanna, D., Khadka, J., Mpundu-Kaambwa, C., et al. (2023).
Child-parent agreement in the assessment of health-related qual-
ity of life using the CHU9D and the PedsQLTM. Applied Health
Economics and Health Policy, 21, 937-947. https://doi.org/10.
1007/540258-023-00831-7

Crosby, R. D., Kolotkin, R. L., & Williams, G. R. (2003). Defin-
ing clinically meaningful change in health-related quality of life.
Journal of Clinical Epidemiology, 56(5), 395—407. https://doi.org/
10.1016/50895-4356(03)00044-1

Verstraete, J., & Scott, D. (2022). Comparison of the EQ-5D-Y-
5L, EQ-5D-Y-3L and PedsQL in children and adolescents. Jour-
nal of Patient-Reported Outcomes, 6, 67. https://doi.org/10.1186/
s41687-022-00480-9

Sluys, K. P., Lannge, M., Iselius, L., & Eriksson, L. E. (2015). Six
years beyond pediatric trauma: Child and parental ratings of chil-
dren’s health-related quality of life in relation to parental mental
health. Quality of Life Research, 24(11), 2689-2699. https://doi.
org/10.1007/s11136-015-1002-y

Janse, A.J., Sinnema, G., Uiterwaal, C. S. P. M., Kimpen, J. L.
L., & Gemke, R.J. B. J. (2008). Quality of life in chronic illness:

@ Springer

56.

57.

58.

59.

60.

Children, parents and paediatricians have different, but stable per-
ceptions. Acta Paediatrica, 97(8), 1118-1124. https://doi.org/10.
1111/5.1651-2227.2008.00847.x

Khanna, D., Khadka, J., Mpundu-Kaambwa, C., Lay, K., Russo,
R., Ratcliffe, J., Devlin, N., Norman, R., Viney, R., Ratcliffe,
J., Dalziel, K., Mulhern, B., Hiscock, H., Street, D., Chen, G.,
Peasgood, T., Bailey, C., Mpundu-Kaambwa, C., Yu, A, ... De
Silva, A. (2022). Are we agreed? Self- versus proxy-reporting of
paediatric health-related quality of life (HRQoL) using generic
preference-based measures: A systematic review and meta-analy-
sis. PharmacoEconomics, 40, 1043-1067. https://doi.org/10.1007/
$40273-022-01177-z

Timmermann, D., Krenz, U., Schmidt, S., Lendt, M., Salewski,
C., Brockmann, K., & von Steinbiichel, N. (2022). Health-related
quality of life after pediatric traumatic brain injury: A qualita-
tive comparison of perspectives of children and adolescents after
TBI and a comparison group without a history of TBI. Journal of
Clinical Medicine, 11(22), 6783. https://doi.org/10.3390/jcm11
226783

Eiser, C., & Varni, J. W. (2013). Health-related quality of life
and symptom reporting: similarities and differences between
children and their parents. European Journal of Pediatrics, 172,
1299-1304. https://doi.org/10.1007/s00431-013-2049-9

Wang, A., Rand, K., Yang, Z., Brooks, R., & Busschbach, J.
(2022). The remarkably frequent use of EQ-5D in non-economic
research. The European Journal of Health Economics. https://doi.
org/10.1007/s10198-021-01411-z

Resch, C., Rosema, S., Hurks, P., de Kloet, A., & van Heugten, C.
(2018). “Searching for effective components of cognitive rehabili-
tation for children and adolescents with acquired brain injury: A
systematic review. Brain Injury, 32(6), 679-692. https://doi.org/
10.1080/02699052.2018.1458335

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1097/HTR.0000000000000295
https://doi.org/10.1111/ijs.12222
https://doi.org/10.1111/ijs.12222
https://doi.org/10.1080/02699050400004823
https://doi.org/10.1080/02699050400004823
https://doi.org/10.1001/jamanetworkopen.2021.2624
https://doi.org/10.1001/jamanetworkopen.2021.2624
https://doi.org/10.1089/neu.2020.7191
https://doi.org/10.1089/neu.2020.7191
https://doi.org/10.1007/s40258-023-00831-7
https://doi.org/10.1007/s40258-023-00831-7
https://doi.org/10.1016/s0895-4356(03)00044-1
https://doi.org/10.1016/s0895-4356(03)00044-1
https://doi.org/10.1186/s41687-022-00480-9
https://doi.org/10.1186/s41687-022-00480-9
https://doi.org/10.1007/s11136-015-1002-y
https://doi.org/10.1007/s11136-015-1002-y
https://doi.org/10.1111/j.1651-2227.2008.00847.x
https://doi.org/10.1111/j.1651-2227.2008.00847.x
https://doi.org/10.1007/s40273-022-01177-z
https://doi.org/10.1007/s40273-022-01177-z
https://doi.org/10.3390/jcm11226783
https://doi.org/10.3390/jcm11226783
https://doi.org/10.1007/s00431-013-2049-9
https://doi.org/10.1007/s10198-021-01411-z
https://doi.org/10.1007/s10198-021-01411-z
https://doi.org/10.1080/02699052.2018.1458335
https://doi.org/10.1080/02699052.2018.1458335

	Health-related quality of life in children and adolescents with paediatric acquired brain injury: Secondary data analysis from a randomised controlled trial
	Abstract
	Purpose 
	Method 
	Results 
	Conclusion 

	Introduction
	Methods
	Study setting and design
	Sample
	Main findings of the RCT​

	Measures
	Study outcome
	Supplementary descriptor measures

	Statistical analysis

	Results
	Description of EQ-5D-Y-3L health profiles and domain severity
	Child-parent agreement on the EQ-5D-Y-3L dimensions

	EQ-5D-Y-3L VAS
	Changes in EQ-5D-Y-3L VAS, and reliable clinical change in EF

	Discussion
	Strengths and limitations

	Acknowledgements 
	References




