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ABSTRACT
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Purpose: Brain injuries (traumatic-/nontraumatic, TBI/nTBI) in young patients may lead to problems
e.g., decreased health-related quality of life (HRQoL), and causes family impact. Knowledge regarding
the family impact and the relationship with patients’ HRQoL over time is scarce. This follow-up study
describes family impact/HRQoL and their mutual relationship in young patients (5-24years) after TBI/
nTBI.

Materials and methods: Parents of patients that were referred to outpatient rehabilitation completed
the PedsQL™Family-Impact-Module questionnaire to assess the family impact and the parent-reported
PedsQL™Generic-core-set-4.0 to assess patients’ HRQoL (lower scores: more family impact/worse
HRQoL). Questionnaires were completed at the time of referral to rehabilitation (baseline) and one/
two years later (T1/T2). Linear-mixed models were used to examine family impact/HRQoL change
scores, and repeated-measure correlations (r) to determine longitudinal relationships.

Results: Two-hundred-forty-six parents participated at baseline, 72 (at T2), median patient’s age at
baseline was 14years (IQR:11-16), and 181 (74%) had TBIl. Mean (SD) PedsQL™Family-Impact-Module
score at baseline was 71.7 (SD:16.4) and PedsQL™Generic-core-set-4.0: 61.4 (SD:17.0). Over time,
PedsQL™Family-Impact-Module scores remained stable, while PedsQL™Generic-core-set-4.0 scores
improved significantly(p <0.05). A moderately strong longitudinal correlation was found between
family impact&HRQoL (r=0.51).

Conclusions: Family impact does not tend to decrease over time but remained a considerable
problem, although patients’ HRQoL improved. Next to focusing on patients’ HRQoL, it remains
important to consider family impact and offer family support throughout rehabilitation.

> IMPLICATIONS FOR REHABILITATION

This longitudinal study found that in young patients with traumatic brain injury (TBI) or non-traumatic
brain injury (nTBI) referred for rehabilitation there is a considerable impact on the family until two
years after referral, whereas the patients’ health-related quality of life (HRQoL) improved significantly.
Improvements in patients’ quality of life status may not automatically lead to a decrease of family
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impact.

Rehabilitation clinicians should monitor the impact on the family over time and provide long-term

family support with special attention to parental worrying when needed.

Clinicians should be aware that, despite significant differences between the clinical characteristics

of patients with TBI and nTBI, the courses of family impact are very similar.

Introduction

Acquired brain injury (ABI) is common among children, adoles-
cents, and young adults under the age of 25years and can be
categorized into traumatic brain injury (TBI; caused by external
trauma) and non-traumatic brain injury (nTBI; internal causes) [1,2].
Due to natural brain adaptation, it is expected that in approxi-
mately 70% of all ABI cases, most problems experienced by
patients reduce within the first year after onset [3-11]. However,
about 30% remain with persistent problems that could consider-
ably affect daily life functioning, where the severity of the prob-
lems is often related to the type and severity of the initial injury
[3-11]. These problems can have a significant negative impact on

the patient’s daily life functioning, participation, health-related
quality of life (HRQolL) and it can have an impact on the whole
family as well [3-11]. TBI or nTBI is a critical and often acute life
event in young people and may lead to a considerable impact
on the family. The impact can be emotional, social, or financial
and include consequences such as increased stress, worrying, and
changes in the families’ routines, roles, and responsibilities [8,11].
The impact on the family may be particularly substantial in
patients with persistent problems, a subgroup of about 30% of
all patients [3-11]. Some of these patients are referred to multi-
disciplinary rehabilitation, mostly provided in an outpatient reha-
bilitation setting [12-15].
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Previous literature has emphasized the existence of family
impact during all stages of recovery of young patients with both
TBI and nTBI, i.e., in the acute, subacute, and rehabilitation stages
[3,8,11,16-22]. One of those studies described various factors that
negatively influenced family impact at the time of referral to
rehabilitation. These factors included the time between brain
injury onset and referral to rehabilitation of more than six months
and the presence of pre-morbid problems in the child [3].
Furthermore, having nTBI resulted in more family impact compared
to having TBI [3].

Previous studies also described the relationship between higher
parent-reported family impact and a decreased patients’ HRQoL
in young patients with chronic diseases, including both TBI and
nTBI [3,16,17,20,23,24]. However, most of these studies only
reported cross-sectional relations, [3,20] only studied an adult
population, [16] or only assessed this relationship in patients with
either only general chronic health conditions, [24] or only severe
TBI and/or nTBI [17,23,24].

Longitudinal studies, among young children with TBI, found
that families experience a long-lasting impact related to their
child’s injury for more than 12months. [25-28]. This was also
found in two studies among adult patients with TBI [29,30].
However, these studies only included patients with TBI, and
patients with more severe injuries only considered a limited age
range of patients (only children or only adults), or only looked at
limited aspects of family functioning [25-30].

To date, knowledge regarding the course of family impact and
patients’ HRQoL over time in families of young patients in the
rehabilitation phase is scarce. Therefore, this study aims to describe
differences between patients with TBI and nTBI regarding the
family impact and patients’ HRQoL, to describe the course of
parent-reported family impact, as well as parent-reported patients’
HRQoL over time in young patients with TBI or nTBI (5-24years
old), referred for outpatient rehabilitation. Furthermore, this study
aims to determine the longitudinal relationship between family
impact and patients’ HRQoL.

We hypothesize that family impact has decreased and patients’
HRQoL has improved two years after referral to rehabilitation.
Furthermore, we hypothesize that family impact decreases less in
patients with nTBI compared to TBI. Finally, we hypothesize that
there is a longitudinal relationship between a decrease in family
impact and an improvement in patients’ HRQoL.

Methods
Design

This longitudinal study was part of a Dutch observational multi-
centre cohort on family impact, fatigue, participation, and quality
of life among young patients (5-24 years) with ABI and their fam-
ilies in the outpatient rehabilitation setting [3,31,32]. The multi-
centre study was carried out between 2015 and 2019 in ten
rehabilitation centers in the Netherlands that were specialised in
treating young patients with acquired brain injury. The multicentre
study protocol was reviewed by the medical ethical review board
of the Leiden University Medical Centre (P15.165), with an exemp-
tion from full medical ethical review being provided as the data
were collected as part of routine care. All local research commit-
tees from the participating centers approved the study as well.
All data used in the multicentre study were anonymised before
analysis and securely stored in a central database by a data man-
ager at Basalt Rehabilitation (The Hague, The Netherlands). In the
current study, only parent-reported data were used. The

Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines were used for the reporting of
the results [33].

Participants

Participants in the current study were parents of young patients
(5-24years) with ABI that were referred by a family practitioner
or medical specialist to one of the ten outpatient rehabilitation
centers. Participants were not eligible if they were unable and/or
limited to write and/or understand the Dutch language. The cur-
rent study included 246 parents with a child with either a TBI or
nTBI between 5-24years old admitted for rehabilitation in one of
the participating centres. More than half of the patients (52%)
were female and 74% of the patients had a diagnosis of TBI, which
provided us with a good cross-section of the general Dutch ABI
population [1,34].

Assessments

Patient and family characteristics

At baseline, the patient’s demographics- and injury characteristics
were collected from their medical records by the treating physician
i.e., sex (male/female/other), age, and the cause of brain injury,
which was divided into a TBI group, a nTBI group, and a total
group. TBI severity levels were divided into three groups: mild
and moderate/severe/'unknown’ (based on the Glasgow coma
scale [35]). If the GCS was unknown but there was no history of
conscious loss, the severity level was also considered ‘mild’ Causes
of nTBI were divided into stroke, brain tumours, meningitis or
encephalitis, hypoxia or intoxication, and ‘other’ Since there are
no valid/commonly used instruments to measure nTBI severity,
no nTBI severity levels were noted. The time between TBI/nTBI
onset (date of injury) and referral to the rehabilitation centre was
calculated and divided into ‘less than six months’ or ‘more than
six months’ after onset (< 6 months/> 6 months). The family char-
acteristics included: single-parent household/two parents, siblings/
no siblings, the cultural background of the parents (Dutch/
non-Dutch), and parents’ educational levels (low (prevocational
practical education or less)/intermediate (prevocational theoretical
education and upper secondary vocational education)/high (sec-
ondary education, higher education, and university level
education)).

Outcome measures

To measure family impact and HRQoL the Pediatric Quality of Life
Inventory™Family Impact Module (PedsQL™FIM) [36] and the
Pediatric Quality of Life Inventory™Generic Core Scales-4.0
(PedsQL™GCS-4.0) were used [37-39]. These instruments have good
psychometric properties, and they have previously been validated
and used among young patients with TBI and nTBI. Dutch language
versions for both outcomes were available [3,21,36,40-42].

- Family impact

The 36-item PedsQ™FIM questionnaire was used to assess family
impact. A four-point Likert scale from ‘never’ to ‘almost always’
was used to answer the questions. It yields a total score and four
domain scores. The four domains were: ‘parental quality of life
summary score’ (e.g., “l have trouble getting support from others”)
with twenty items, a ‘family functioning summary score’ (e.g.,
“Stress or tension between family members”) with eight items,
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the domain ‘worrying’ (e.g., “I worry about my child’s future”) with
five items, and the domain ‘communication’ (e.g., “It is hard for
me to talk about my child’s health with others”) with three items.
After completion, the scores were linearly transformed on a scale
from 0 to 100 (0=100, 1=75, 2=50, 3=25, 4=0). The total and
domain scores were calculated by the sum of the items answered,
divided by the number of items answered, resulting in a score
ranging from 0 to 100, where lower scores indicate more (i.e.,
worse) parent-reported family impact [36].

- Health-related quality of life (HRQolL)

The 23-item parent-reported PedsQL™GCS-4.0 was used to mea-
sure patients’ HRQoL. It yields a total score and four domain
scores, i.e., physical functioning (eight items), emotional function-
ing (five items), social functioning (five items), and school/work
functioning (five items). Scores are calculated in the same manner
as with the PedsQL™FIM. It is also resulting in a score ranging
from 0-100 with lower scores indicating lower HRQoL [37-39].

Procedure

Participants filled out an online questionnaire that contained the
above-described outcome measures (PedsQL™FIM and
PedsQL™GCS-4.0). Before completing the questionnaire, parents
(and/or patients where appropriate) signed an informed consent
to participate. Prior to the first appointment with the rehabilitation
physician (baseline), parents received a link by email to complete
an online questionnaire (via www.questback.nl). One year (T1)
and two years (T2) after the first appointment, parents were
invited to complete the questionnaire again voluntarily.

Statistical analysis

All data were analysed for the TBI group, the nTBI group, and the
total group separately and at the three time points (baseline, T1,
and T2). Descriptive statistics were used for all characteristics and
variables. Continuous variables were expressed as medians (with
interquartile ranges; IQR) or means (with standard deviations; SD),
based on their distributions (Kolmogorov-Smirnoff test).
Independent sample T-tests were performed to determine differ-
ences in outcomes between the TBI and the nTBI groups at all
time points and presented as t-values (t), degrees of freedom
(Df), and p-values.

To check if the known missing data at T1/T2 were ‘missing
completely at random’ (MCAR) and therefore suitable to use in a
linear mixed model (LMM), Little’s-test was performed [43]. Results
of this test showed that cases were MCAR (Chi-Square of 22.4, p
0.07), allowing analysis in a LMM where missing repeated mea-
sures are being corrected within the model. [44] In the LMM, the
follow-up time points were the fixed effects, and the participants
were the random effects. The PedsQL™FIM and the PedsQL™GCS-4.0
scores were expressed as means with standard deviations (SD) at
baseline. Change scores (with 95% confidence intervals; 95% Cl)
were computed between baseline and T1, between T1 and T2,
and between baseline and T2. All analyses in the LMM were cor-
rected for age and sex. All above-described data were analysed
using SPSS software, version 28.0 (IBM SPSS Statistics for Mac,
Armonk, NY: IBM Corp).

To determine longitudinal correlations between the PedsQL™FIM
and the PedsQL™GCS-4.0, repeated measures correlations (rmcorr)
were used. With this method, the non-independence of repeated
measures was considered by determining the relationship between

two continuous variables (the PedsQL™MFS and the
PedsQL™GCS-4.0) where between-patient variance is being con-
trolled [45]. All analyses in the repeated measure correlations
(rmcorr) were corrected for age and sex as well. The results were
noted as correlation coefficients (r), 95% Confidence Intervals
(95%Cl), and p-values. The correlation coefficients’ strength can
be considered: >0.8=very strong; 0.6 up to 0.8=moderately
strong; 0.3 to 0.5=fair; and < 0.3=poor [46]. For this method, ‘R’
version 4.1.0, and the rmcorr module, version 0.5.2 were used [45].

The level of statistical significance was set at p<0.05 for all
analyses.

Results

In total, 246 parents of young patients with TBI or nTBI partic-
ipated in this study. At the one- and two-year follow-ups (T1/
T2), 71 and 72 parents completed the questionnaires, respectively
(Figure 1). Table 1 presents the demographic, injury, and family
characteristics at baseline. The median age of the patients in
the total group was 14years (IQR 11-16). Seventy-four percent
(n=181) had a TBI, of which 78% were classified as ‘mild’ In the
nTBI group (n=65, 26%), 40% had a brain tumour, and 24% had
a stroke. Ninety-six (40%) of the patients were referred for out-
patient rehabilitation more than six months after the onset of
the brain injury and 17% of the patients were living in a
single-parent household.

Family impact and HRQoL: TBI versus nTBI

As seen in Table 2, the total mean (SD) PedsQL™FIM score in the
TBI group at baseline was 73.8 (SD 19.2), and 65.6 (SD 15.7) in
the nTBI group. For all groups at baseline, the lowest scores, i.e.,
more family impact, were found on the ‘worrying’ domain and
the highest on the domain ‘communication’.

A significant difference was found between the TBI group
and the nTBI group concerning family impact total and almost
all domain scores at baseline (total score; t=3.6, Df = 116,
p<0.001), at T1 (total score; t=2.1, Df = 54, p=0.04), and at T2
(total score; t=2.4, Df = 32, p=0.02), except for the domain
‘parental-HRQoL summary score’ at T1 (t=1.4, Df = 57, p=0.08)
and T2 (t=1.5, Df = 36, p=0.07). The total mean (SD)
PedsQL™GCS-4.0 score at baseline was 61.9 (SD 16.9) for the TBI
group and 60.0 (SD 17.3) for the nTBI group. For all groups, the
lowest scores were found on the ‘School/work functioning’
domain and the highest on the ‘social functioning’ domain.
Regarding HRQoL scores between the TBI group and the nTBI
group, significant differences were only found on the domains
‘emotional functioning’ (p <0.05 at baseline) and ‘social function-
ing’ (p<0.05 at all time points).

Family impact over time

PedsQL™FIM change scores, analysed with the linear mixed model
(LMM) between baseline and T1, between T1 and T2, and between
baseline and T2 are presented in Table 3.

The total group

In the total group, the total change score between baseline and
T1 was: +2.2 (95%Cl —2.3;6.7, p>0.05), and in the second year
(between T1 and T2); +1.7 (95%Cl —4.1;7.5, p>0.05). Only signif-
icant improvement was found in the ‘worrying’ domain, between
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n=283

Patients (5-24 yrs.) with ABI and their parents
referred to participating rehabilitation centers

Excluded participants (no
official ABI diagnosis /

incomplete data)
n=23

Eligible participants for this study

n=260

No/incomplete parent-

?] reported data
n=14

’ Baseline: participants included for analyses
Baseline parteip 5 = I4E Y

Withdrawal of study,
wrong address/phone

> number, non-responders,
incomplete questionnaires
n= 175

T1: participants included for analyses*
One year (T1) n=71

Withdrawal of study,
wrong address/phone

»| number, non-responders,
incomplete questionnaires
n= 174

A 4
T2: participants included for analyses* * Parents that participated
Two years (T2) P pen n="72 v atboth T1 and T2

n=43

Figure 1. Flow chart of the participants in this study.

baseline and T1: +6.9 (95%Cl 1.5;12.3) p<0.05, and between base-
line and T2: +9.9 (95%CI 4.5;15.3), p<0.001. Scores on the ‘com-
munication’ domain decreased in 2years over time (baseline-T2)
yet, not significantly: —1.2 (95%Cl —8.1;5.8) p>0.05.

The TBI group

In the TBI group, the improvement of the total score in the first
year (baseline-T1) was: +2.8 (95%Cl —2.6;8.2, p>0.05) and +0.4
(95%Cl -6.6;7.5, p>0.05) between T1 and T2. In line with the
results from the total group, significant improvement between
baseline and T2 was seen on the domain ‘worrying’ (p <0.05) and
a (non-significant) decrease in the domain ‘communication’
between baseline and T2.

The nTBI group

Regarding the nTBI group, improvements of PedsQL™FIM total
scores in the first year and the second were: +2.3 (95%Cl —5.3;9.9),
and +3.2 (95%Cl 6.8;13.2) yet both were non-significant (p>0.05).
In almost all domain scores more improvements were seen in the
second year, except on the ‘worrying’ domain where most

improvement was seen between baseline and the first year: +10.0
(95%Cl 1.0;18.9, p<0.05).

HRQol in young patients over time

PedsQL™GCS-4.0 change scores between all time points are pre-
sented in Table 4.

The total group

The change scores for the total score in the total group were
+9.6 (95%Cl 4.9;13.8, p<0.001) in the first year and +1.4 (95%Cl
4.2;7.2, p>0.05) in the second. Similar results were found in all
domain scores with the largest overall improvement on the
domain school/work functioning (baseline-T2): +17.7 (95%Cl
11.7;23.7, p<0.001).

The TBI group

Significant improvement in PedsQL™GCS-4.0 total scores in the
first year was found: +10.8 (95%Cl 5.2;16.4), p<0.001. Change
scores were non-significant in the second year: +1.1 (95%Cl
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Table 1. Demographic, injury, and family characteristics in children, adolescents, and young adults with TBI/nTBI, referred to outpatient rehabilitation, at

baseline.

Demographic characteristics

Total Group n=246

TBI group n=181 (74%) nTBI group n=65 (26%)

Sex; n (%)

Female 127 (52%)
Age (years) at referral; median (IQR) 14 (11-16
5-11years old; n (%) 76 (29%)
12-17 years old; n (%) 134 (56%)
18-24years old; n (%) 36 (15%)

Time(months) between the onset & referral to
rehabilitation;
Median (range) 4.0 (1-21)
More than (>) 6 months; n (%) 96 (40%)

99 (54%) 29 (45%)
15 (12-16) 13 (10-16)
48 (24%) 32 (43%)
103 (59%) 27 (48%)
30 (17%) 6 (9%)
3.0 (1-10) 16.0 (3-46)
56 (31%) 25 (40%)

Injury characteristics

TBI group n=181 (74%) nTBI group n=65 (26%)

Severity levels of TBI (based on GCS?); n (%)
Mild
Moderate-severe
Unknown®
Causes nTBI; n (%)
Brain tumor
Stroke
Hypoxia/intoxication
Encephalitis/meningitis
Other

143 (78%)

18 (10%)

20 (12%)
25 (40%)
15 (24%)
2 (3%)
11 (18%)
9 (15%)

Family characteristics

Total Group n=246

TBI group n=181 (74%) nTBI group n=65 (26%)

Single-parent household; n (%)

Yes 42 (17%)
Having (a) sibling(s); n (%)

Yes 214 (87%)
Cultural background parents; n (%)

Non-Dutch 28 (11%)
Educational level parents; n (%) *

Low 28 (11%)

Intermediate 108 (44%)

High 110 (45%)

28 (15%) 15 (23%)
160 (88%) 54 (84%)
20 (11%) 8 (12%)
20 (11%) 8 (12%)
79 (43%) 29 (44%)
81 (46%) 29 (44%)

TBI: traumatic brain injury; nTBI: non-traumatic brain injury.

2Glasgow Coma Scale (GCS). °If the GCS was unknown but there was no history of conscious loss (which was the case), the severity level was also considered
‘mild’ #Educational level parents, low: prevocational practical education or less, intermediate: prevocational theoretical education and upper secondary vocational
education, high: secondary education, higher education, and university level education).

—5.9;8.1), p>0.05. Significant improvements were found between
baseline and T1 in all domain scores (p<0.05).

The nTBI group

Overall less improvement was found in the nTBI group regarding
the HRQoL outcomes compared to the TBI group (in the total
score and all domain scores).

Relationship between family impact and HRQoL

The longitudinal correlations between PedsQL FIM (family impact)
and PedsQL GCS-4.0 (HRQol) over time for the total/TBI/nTBI
groups can be found in Figure 2(a-c). Regarding the total group
a fair longitudinal correlation was found over time: r=0.51 (95%Cl:
0.38-0.68, p<0.001). A fair longitudinal correlation between family
impact and HRQoL in the TBI group r=0.48 (95%Cl: 0.31-0.62,
p<0.001). A moderately strong correlation was found in the nTBI
group r=0.64 (95%Cl: 0.40-0.79, p<0.001) for nTBI, respectively.

Discussion

This longitudinal multicentre study among parents of young
patients (5-24years) with TBI or nTBI found considerable family
impact and decreased patients’ HRQoL at the time of referral to
outpatient rehabilitation (baseline). Significant differences in family

impact were found between the TBI and nTBI groups with more
family impact in the nTBI group. Contrary to what we hypothe-
sized, only a slight decrease in family impact in both the TBI and
the nTBI groups over two years after referral to rehabilitation was
found and was non-significant (in the total and almost all domain
scores). This was a large contrast with patients’ HRQoL, which
improved significantly over time in both groups. A fair longitudinal
relationship between decreased family impact and an improve-
ment in patients’ HRQoL was found in the TBI group, whereas
moderately strong relationships were found in the nTBI group.

Results showed a significant difference in family impact scores
between the TBI and nTBI groups at all time points, whereas the
nTBI group had significantly lower scores both at baseline and
almost all time points. When looking at the change scores, the
course of family impact over time differed among the TBI and
nTBI groups as well. Family impact in the TBI group tended to
decrease the most in the first year after referral to rehabilitation,
while in the nTBI group, family impact decreased more between
the first and second year after referral.

This could be explained by the fact that nTBI has a less pre-
dictable prognosis compared to TBI, which could require more
time for family adjustment. This rehabilitation-based study
revealed more family impact in both the TBI and nTBI groups at
the time of referral to rehabilitation compared to a Dutch
hospital-based study (our TBI group: 73.8 SD 16.2, our nTBI group:
65.6 SD 15.7 versus TBI: 83.6 SD16.2, nTBI: 70.8 SD19.6 in the
hospital study) [21]. This can be explained by the fact that
patients in our cohort were referred for rehabilitation due to
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Table 3. Parent-reported family impact over the course of time.

Total group
Baseline-T1 T1-T2 Baseline-T2
Baseline n=246 Change Score Change Score Change Score
PedsQL™FIM’ Mean (SD) (95% CI)* (95% CI)* (95% CI)?*
Total score 71.7 (16.4) +2.2 (2.3, 6.7) +1.7 (-4.1,7.5) +3.9 (0.9, 8.7)
Worrying 64.1 (19.5) +6.9 (1.5, 12.3)* +3.0 (-9.8, 3.8) +9.9 (4.5, 15.3)**
Communication 77.7 (23.0) -3.5 (=98, 2.8) +2.3 (-6.0, 10.7) -1.2 (-8.1, 5.8)
Family functioning summary score 73.1 (19.4) —0.1 (-5.7, 5.4) +2.9 (—4.2, 10.1) +2.8 (2.9, 8.6)
Parental HRQoL summary score 72.0 (17.9) +2.8 (1.9, 7.4) +0.8 (-5.1, 6.7) +3.6 (-1.3, 8.5)
TBI group
Baseline-T1 T1-T2 Baseline-T2
Baseline n=181 Change Score Change Score Change Score
PedsQL™FIM’ Mean (SD) (95% CI)* (95% CI)* (95% CI)*
Total score 73.8 (16.2) +2.8 (2.6, 8.2) +0.4 (-6.6, 7.5) +3.2 (2.6, 9.0)
Worrying 66.9 (18.8) +6.4 (—0.3, 13.1) +2.2 (6.1, 10.6) +8.6 (2.1, 15.1)*
Communication 80.7 (21.9) -3.4 (-11.0, 4.1) +0.5 (-9.7, 10.6) -2.9 (-11.3, 5.4)
Family functioning summary score 75.3 (19.1) +1.2 (=54, 7.9) +1.9 (6.6, 10.4) +3.1 (-3.6, 9.9)
Parental HRQoL summary score 73.9 (18.0) +3.4 (2.2, 9.0) —0.6 (-7.7, 6.5) +2.8 (-3.1, 8.7)
nTBI group
Baseline n=65 Baseline-T1 T1-T2 Baseline-T2
Change Score Change Score Change Score
PedsQL™FIM’ Mean (SD) (95% CI)* (95% CI)* (95% CI)*
Total score 65.6 (15.7) +2.3 (-5.3,9.9) +3.2 (6.8, 13.2) +5.5 (3.3, 13.2)
Worrying 56.2 (19.5) +10.0 (1.0, 18.9)* +3.6 (—7.8, 14.8) +13.6 (3.6, 23.5)*
Communication 69.4 (24.3) -1.6 (-12.8, 9.6) +5.3 (-8.8, 19.5) +3.7 (-8.9, 16.3)
Family functioning summary score 66.9 (19.1) -1.7 (-11.3, 7.9) +2.9 (-10.2, 15.9) +1.2 (-10.3, 12.7)
Parental HRQoL summary score 66.8 (16.7) +2.6 (—5.3, 10.6) +2.9 (-7.3, 13.2) +5.5 (3.4, 13.2)

1: Pediatric Quality of Life Inventory™Family Impact Module (FIM). #Based on the linear mixed model, corrected for age and sex. *p-value <0.05, **p-value <0.001;
Baseline: at referral to rehabilitation; T1: 1-year follow-up; T2: 2-year follow-up. Outcomes at baseline are expressed as estimated means with standard deviations
(SD) and at T1 and T1 as change scores with 95% confidence intervals for difference (95% Cl). Lower total scores (and domain scores) mean more family impact.

persisting TBI- or nTBI-related daily life problems that cause con-
siderable impact on families compared to a hospital cohort where
patients may have improved considerably in the acute of sub-
acute phase after their brain injury. In conclusion, family impact
persists in both groups with a different trajectory over time but
is always higher than in a hospital cohort [21]. These results
underline the importance of measuring the impact on families
over time and taking the cause of brain injury into account
during the different stages of recovery.

Until now, knowledge on parent-reported family impact over
time in families with a child with persisting problems after a TBI
or nTBI is scarce. The findings of our study suggest that in the
two years after referral to rehabilitation only the aspect ‘worrying’
decreased significantly within families in both the TBI and nTBI
groups. This contrasts with our hypothesis that family impact
would decrease over time in all domains among families with a
child that suffered from a brain injury. This finding is in line with
previous hospital- or community-based studies in families of
children with TBI, that did not find a decrease of family impact
one year after brain injury onset as well [25-30].

Comparisons of our results with those from previous studies
must be done with caution as studies are different with respect
to age, causes, daily life functioning, and presence of persisting
problems [25-30]. The reasons for the persistence of family
impact remain unclear, but it could be hypothesized that factors
such as suboptimal long-term care, lack of information, or unre-
alistic expectations regarding the prognosis could play a role.
During rehabilitation, the focus lies on the patient by improving
HRQoL and participation abilities and there might be less focus
on their families which could overshadow the potential
still-existing family problems that are not fully considered. These
results and considerations underline the importance of focusing
on the patients’ families in all phases of recovery and over time.

Contrary to the results of the course of family impact over
time, almost no significant differences were found regarding
patients’ HRQoL between the TBI and nTBI groups at all time
points. In both the TBI and nTBI groups, the patients’ HRQoL mean
scores reported by parents were considerably low at baseline
compared to scores from healthy peers i.e., between 82.1 (SD:
8.9) and 83.9 (SD:13.1) depending on the age, versus 61.4 (SD:
17.0) in our total group of young patients with TBI/nTBI [40,41].
Furthermore, even though HRQoL improved significantly over time
in both groups, scores remained considerably lower compared to
healthy peers [40,41]. Furthermore, in line with family impact
scores in our study, HRQoL scores are lower compared to scores
in the hospital-based study by de Kloet et al. (despite the simi-
larities between the populations) [21]. This can be explained by
the fact that patients in our cohort were all referred to outpatient
rehabilitation with persisting daily life problems after TBI/nTBI
while we assume that only a subpopulation of the hospital cohort
needed a referral to outpatient rehabilitation. The results of our
study underline the importance of measuring and monitoring
patients’ HRQoL over time in clinical practice to monitor improve-
ment or decrease in patients’ functioning.

Regarding the relationship between family impact and HRQoL
results showed that family impact and HRQoL had a moderately
strong correlation when measuring individual patients over time
in the total group. However, significant differences between de
TBI and nTBI groups were found, where a moderately strong
longitudinal correlation between family impact and patients’
HRQoL was found in the nTBI group yet, only a ‘fair’ correlation
in the TBI group. These results were contrary to the expectation
of strong correlations between family impact and HRQoL over
time for both the TBI and nTBI groups. Only a few previous
studies have described associations between patients’ diminished
HRQoL and a higher parent-reported family impact among
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Table 4. Parent-reported Health-Related Quality of Life (HRQoL) for their child over the course of time.

Total group
Baseline-T1 T1-T2 Baseline-T2

Baseline n=246 Change Score Change Score Change Score
PedsQL™GCS-4.0" Mean (SD) (95% CI)* (95% CI)* (95% CI)*
Total score 61.4 (17.0) +9.6 (5.1, 14.0)** +1.4 (-4.3, 7.0) +11.0 (6.3, 15.6)**
Physical functioning 64.4 (22.6) +12.4 (7.3, 17.4)** —0.3 (-6.9, 6.4) +12.1 (6.0, 18.0)**
Emotional functioning 58.9 (22.5) +5.2 (-0.8, 11.3) +2.6 (-4.9, 10.1) +7.8 (1.7, 13.9)*
Social functioning 73.4 (20.9) +5.7 (0.1, 11.4)* —0.2 (-6.9, 6.6) +5.5 (0.2, 10.9)*
School/work functioning 46.9 (24.1) +13.2 (7.3, 19.2)** +4.5 (-2.8, 11.7) +17.7 (11.7, 23.7)**

TBI group

Baseline-T1 T1-T2 Baseline-T2
Baseline n=181 Change Score Change Score Change Score
PedsQL™GCS-4.0" Mean (SD) (95% CI)* (95% CI)* (95% CI)*
Total score 61.9 (16.9) +10.8 (5.2, 16.4)** +1.1 (5.9, 8.1) +11.9 (6.4, 17.5)**
Physical functioning 64.6 (20.9) +13.3 (7.2, 19.3)** —0.6 (-8.7, 7.5) +12.7 (5.7, 19.6)**
Emotional functioning 60.4 (22.9) +5.9 (-1.1, 12.9) +2.2 (-6.7, 11.1) +8.1 (0.9, 15.5)*
Social functioning 74.9 (20.8) +7.5 (0.4, 14.6)* —0.5 (-8.6, 7.5) +7.0 (1.1, 12.8)*
School/work functioning 46.2 (25.2) +14.9 (7.6, 22.2)** +4.5 (4.6, 13.7) +19.4 (11.9, 27.0)**
nTBI group
Baseline-T1 T1-T2 Baseline-T2
Baseline n=65 Change Score Change Score Change Score
PedsQL™GCS-4.0" Mean (SD) (95% Ch)* (95% CI)* (95% CI)*
Total score 60.0 (17.3) +7.6 (0.1, 15.0)* +0.5 (9.0, 10.0) +8.1 (-0.6, 16.7)
Physical functioning 63.9 (26.8) +10.8 (1.1, 20.5)* —0.6 (-13.3, 12.2) +10.2 (-2.4, 22.9)
Emotional functioning 54.9 (20.9) +4.6 (-7.5, 16.7) +1.5 (-12.9, 15.9) +6.1 (-5.1, 17.3)
Social functioning 69.4 (20.9) +3.2 (-5.7,12.2) —1.8 (-14.6, 10.9) +1.4 (-10.6, 13.4)
School/work functioning 48.9 (20.7) +9.6 (—0.6, 19.8) +3.5 (-7.9, 14.0) +13.1 (3.8, 22.5)*

1: The Pediatric Quality of Life Inventory™Generic Core Scales-4.0 (PedsQL™GCS-4.0). #Based on the linear mixed model, corrected for age and sex. *p-value
<0.05, **p-value <0.001; Baseline: at referral to rehabilitation; T1: 1-year follow-up; T2: 2-year follow-up. Outcomes at baseline are expressed as estimated
means with standard deviations (SD) and at T1 and T1 as change scores with 95% confidence intervals for difference (95% Cl). Lower total scores (and

domain scores) mean lower HRQoL.

patients with chronic diseases (including TBI and nTBI)
[3,16,20,23,24]. However, these studies did not include patients
older than 18years of age or did not measure these associations
over time [3,16,20,23,24]. Furthermore, these studies found only
investigated correlations between family impact and HRQoL on
the group level (and did not consider individual repeated mea-
surements on the same patients). The current study can be con-
sidered the first that investigated the correlation between Fl and
HRQoL over time using a method that takes into account the
individual non-independence of repeated measurements on the
same patients. To conclude, strong correlations between outcome
measures at one time point in a whole group do not automati-
cally seem to correlate as strongly in the individual patient over
time. Therefore, these results suggest looking into the individual
patient and his/her family when measuring FI and HRQoL is
important for using these measures in clinical practice.

Strengths and limitations

This study had several limitations. First, only parent-reported data
were analysed, while siblings or perspectives from other family
members were not included. However, to date, the PedsQL™FIM
is the only outcome measure that assesses the impact on the
family in several domains. Future research should focus on devel-
oping outcome measures and/or modifying the PedsQL™FIM to
consider including perspectives of other important people in the
lives of patients with TBI/nTBI. Furthermore, there is no normative
data for the general population in The Netherlands; this data
would give insight into the course of family impact during the
development of healthy children and could help to better inter-
pret outcomes of studies in TBI/nTBI.

Second, many participants were lost to follow-up. An explanation
for this is that the questionnaires at the time that a patient was
referred for rehabilitation were completed in terms of routine care,
while one and two years later, parents were asked to complete the
questionnaires voluntarily, often after the patient no longer had
visits to the clinic. The relatively high non-response (even after a
significant number of reminders) could be decreased by sharing
the results directly after the administration of the questionnaires
and involving the patient and parents in the results and the impor-
tance of testing over time. Nevertheless, missing data were missing
completely at random, meaning that missing data in the dataset
happened by coincidence (the observed values at T1 and T2 in the
dataset are a random sample from the dataset when it would have
been complete). Furthermore, we used two statistical methods that
took repeated measures into account within the same participant,
and we thereby corrected for missing observations (a linear mixed
model to determine change over time and repeated measure cor-
relations to determine correlations over time).

Third, there were 20 patients in the TBI (12%) group with
unknown TBI severity levels (based on the GCS). However, in all
these patients there was no history of conscious loss, and there-
fore the severity level could be also considered ‘mild, which was
confirmed by all treating rehabilitation physicians in all partici-
pating rehabilitation centers. This may suggest that some patients
designated as having a mild injury might be young patients with
concussions, which may have influenced outcomes. However, even
in these patients persisting problems were found for which they
had been referred for rehabilitation.

Fourth, in our study, we found differences in family impact
between the TBI and the nTBI group, whereas in the nTBI group
greater family impact was found. This could possibly be explained
by the initial between-sample differences in the severity of
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Figure 2. (a) Longitudinal correlation between Family impact (PedsQL™FIM) and HRQoL (PedsQL™GCS-4.0) in the total group. LEGEND: PedsQL™FIM: Pediatric Quality of
Life Inventory™Family Impact Module. PedsQL™GCS-4.0: Pediatric Quality of Life Inventory™Generic Core Scales-4.0. * Correlation coefficient (r): very strong = > 0.8; mod-
erately strong = 0.6 to 0.8; fair = 0.3 to 0.5; and poor = < 0.3. # p-value <0.05 = statistically significant. Df: Degrees of freedom, 95%Cl = 95% Confidence Interval.
Analyses were corrected for age and sex. (b) Longitudinal correlation between Family impact (PedsQL™FIM) and HRQoL (PedsQL™GCS-4.0) in the TBI group. LEGEND:
PedsQL™FIM: Pediatric Quality of Life Inventory™Family Impact Module. PedsQL™GCS-4.0: Pediatric Quality of Life Inventory™Generic Core Scales-4.0. TBI: Traumatic brain
injury. * Correlation coefficient (r): very strong = > 0.8; moderately strong = 0.6 to 0.8; fair = 0.3 to 0.5; and poor = < 0.3. # p-value <0.05 = statistically significant. Df:
Degrees of freedom, 95%Cl = 95% Confidence Interval. Analyses were corrected for age and sex. (c) Longitudinal correlation between Family impact (PedsQL™FIM) and
HRQoL (PedsQL™GCS-4.0) in the nTBI group. LEGEND: PedsQL™FIM: Pediatric Quality of Life Inventory™Family Impact Module. PedsQL™GCS-4.0: Pediatric Quality of Life
Inventory™Generic Core Scales-4.0. nTBI: Non-traumatic brain injury. * Correlation coefficient (r): very strong = > 0.8; moderately strong = 0.6 to 0.8; fair = 0.3 to 0.5; and
poor = < 0.3. # p-value <0.05 = statistically significant. Df: Degrees of freedom, 95%CI = 95% Confidence Interval. Analyses were corrected for age and sex.
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injury-related disability and the expected duration of symptoms.
To outline these differences, we chose to report outcomes for
both groups separately as well.

Fifth, the authors acknowledge the lack of additional (parental)
information e.g., parental mental and physical health, disability
status, extra-family support potential, and patients’ needed care
from parents to look into additional potential correlations with
the PedsQL™FIM. We recommend collecting more detailed data
on characteristics of parental functioning in future research.

Finally, the results of the questionnaires could be biased by
the parents’ motivation, stress, and mood at the time of completion.

Conclusions

This study showed that family impact in families with a child
who suffers from a TBI or nTBI referred for rehabilitation treatment
is considerable, especially in patients with a nTBI. In general, the
impact on the family remains stable over time, even though
patients’ HRQoL improved. The findings of this study underline
the importance of measuring and monitoring family impact and
HRQoL over time. Furthermore, it is important to investigate
family impact separately for patients with TBI and patients with
nTBI as both groups follow a different course over time. Future
studies should focus on selecting and evaluating approaches
during rehabilitation treatment that both increases the HRQoL
of the patient and reduces family impact after a child has either
TBI or nTBI.

Clinical Message: Next to focusing on the patient’s HRQoL, it
is important to monitor the wishes and needs of the family and
support them throughout the rehabilitation process since the
improvement of the patient’s HRQoL does not always automati-
cally lead to reduced family impact.
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