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ABSTRACT
Background: The QOLIBRI-KID/ADO-Proxy is the first disease-specific health-related quality of life 
(HRQoL) proxy questionnaire developed for use in the field of pediatric traumatic brain injury (TBI), 
when children are unable to report their HRQoL themselves.
Methods: Its psychometric properties in a German-speaking context are examined in two samples 
(development and validation). Dyads of 600 parents and their children (aged 8–17 years) were included.
Results: The 35-item questionnaire covers six dimensions (Cognition, Self, Daily Life and Autonomy, 
Social Relationships, Emotions, and Physical Problems). Results showed good to excellent internal 
consistencies, acceptable test-retest reliability, and low to fair parent-child agreement. Confirmatory 
factor analyses supported the one-level six-factor structure. In terms of construct validity, there was an 
overlap between the disease-specific and the generic HRQoL. Lower parent-reported HRQoL in children 
was associated with lower parental education, lower functional recovery (Study I), more recent TBI, and 
more severe depressive, anxiety, and post-concussion symptoms. Findings differed between the two 
studies in terms of age, gender, and TBI severity. Study I found more severe TBI linked to lower HRQoL in 
adolescents, while Study II indicated lower HRQoL ratings in girls.
Conclusion: The QOLIBRI-KID/ADO-Proxy is recommended when individuals are unable to self-report 
their HRQoL.
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Introduction

Worldwide, pediatric traumatic brain injury (TBI) impacts 
around 110 per 100,000 children and adolescents annually 
(1). Some of the children and adolescents affected face serious 
physical (2), cognitive (3), behavioral (4), and social (2) con
sequences resulting in long-term disabilities, especially after 
more severe TBI. Individuals experiencing functional 

impairment after injury often report a substantial decrease in 
their quality of life (5). In particular, disease-specific health- 
related quality of life (HRQoL) refers to the interaction 
between a person’s functional status in terms of disease- 
specific symptoms (6) and the emotional value that the indi
vidual places on being functionally restricted (7).

To address HRQoL specific to impairments following 
pediatric TBI, the Quality of Life after Brain Injury in 
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Children and Adolescents (QOLIBRI-KID/ADO) instrument 
was developed as the first self-report disease-specific HRQoL 
questionnaire for children and adolescents (8–17 years) (8,9). 
The QOLIBRI-KID/ADO is a 35-item questionnaire covering 
six domains (i.e., Cognition, Self, Daily Life and Autonomy, 
Social Relationships, Emotions, and Physical Problems) that 
has been shown to be a sensitive instrument for assessing 
HRQoL after TBI (9). However, a proxy version of the 
QOLIBRI-KID/ADO is important because reliable self-report 
information on HRQoL may be difficult to obtain in young 
individuals severely impacted by TBI. In particular, TBI- 
associated cognitive limitations may affect a patient’s ability 
to comprehend the constructs being measured, requiring 
a proxy assessment (10).

While proxy reporting is unavoidable for those unable to 
provide a reliable self-report, it is not necessarily an accurate 
reflection of the patient’s health status. In fact, children’s and 
parents’ reports can differ substantially (11). Parent and child 
ratings of HRQoL have been found to differ, particularly for 
social or emotional functioning, whereas agreement is gener
ally higher for physical health (12). Interestingly, previous 
studies with chronically ill children have shown that parents 
generally tend to rate their children’s HRQoL lower than the 
children themselves (13). Similarly, while the concordance of 
self-proxy agreement with respect to psychosocial outcomes in 
adolescents after TBI has been reported to be generally accep
table (11), only fair to poor levels of agreement have been 
found particularly for covert outcomes (e.g., anxiety, depres
sion, thinking and attention problems) after severe TBI (14). 
Importantly, however, these few previous studies used generic 
measures of HRQoL, such as the Pediatric Quality of Life 
Inventory (PedsQL) (15), which were designed to address 
a variety of health problems, while neglecting TBI-specific 
symptoms. Nevertheless, these findings suggest that HRQoL 
should be assessed by proxies only when children are truly 
unable to self-report.

Analyses using data from the QOLIBRI-KID/ADO-Proxy 
instrument may help to identify individuals at risk for signifi
cantly reduced HRQoL following pediatric TBI. Previous lit
erature has shown that the experience of TBI is associated with 
the development of several mental health problems, including 
depression and anxiety (16). Furthermore, a reduction in 
HRQoL has been described to be associated with the experi
ence of persistent post-concussion symptoms (PCS) in both 
self-report and proxy assessments after TBI (17). In addition, 
lower HRQoL is often associated with female sex (18), older 
age (6), greater severity (13), poorer functional recovery (19), 
lower socioeconomic status (20), and single-parent housing 
(21) in children and adolescents after TBI. Understanding 
the relationship between neuropsychiatric symptoms, as well 
as sociodemographic and clinical factors, and HRQoL is cru
cial for the implementation of personalized clinical interven
tions aimed at improving the physical recovery and 
psychological well-being of individuals after pediatric TBI.

To fill the gap in the availability of instruments assessing 
TBI-specific HRQoL in children and adolescents from a proxy 
perspective, this paper aims to present the results of the pilot 
and the final validation study of the QOLIBRI-KID/ADO- 
Proxy questionnaire developed first in the German language 

context. Its psychometric properties, reliability, and validity 
are investigated using a second independent German pediatric 
TBI sample. In addition, the influence of various sociodemo
graphic and clinical factors on HRQoL in children and ado
lescents will be examined. Specifically, child and parental 
sociodemographic data, including age, gender, and education, 
will be related to proxy ratings of child and adolescent HRQoL 
and symptoms of anxiety, depression, and post-concussion. By 
considering these aspects, we aim to provide a comprehensive 
understanding of the multifaceted factors that influence 
HRQoL in children and adolescents after TBI.

Both the pilot and the final validation study of the 
QOLIBRI-KID/ADO as a self-report questionnaire showed 
good psychometric properties (8,9), suggesting that the instru
ment is well suited to assessing the impact of TBI on self- 
reported HRQoL. The QOLIBRI-KID/ADO-Proxy version is 
therefore expected to have good psychometric characteristics. 
In addition, significant findings are expected concerning asso
ciations between children’s characteristics (age, sex, TBI sever
ity, time since injury, parental education) and HRQoL and 
a lower consensus between parent and child ratings of 
HRQoL. These findings will further our understanding of the 
efficacy of proxy reports after TBI.

Materials and methods

Study participants and data collection

The pilot study (Study I) was conducted between January 2019 
and January 2022 and the final validation study (Study II) 
between February 2022 and February 2023. Each of the retro
spective multicenter convenience studies included 300 child- 
parent dyads.

Children aged 8–17 years who had been diagnosed with TBI 
at least three months but no more than 10 years before enroll
ment were included if their Glasgow Coma Scale (GCS) (22) 
score or TBI severity was formally reported, if they had out
patient status (or were at the start of resuming inpatient treat
ment), and if they were able to understand and answer the 
questions. Children were excluded if they were in a vegetative 
state at the time of recruitment, had spinal cord damage, severe 
mental illness (e.g., psychosis, autism, etc.) or epilepsy prior to 
TBI, a terminal illness, or severe polytrauma. Further clinical 
details describing the nature of TBI were also collected, such as 
loss of consciousness, post-traumatic amnesia, need for 
respiratory support, neurosurgical intervention, presence of 
lesions on imaging, resuscitation, nausea/vomiting, and post- 
traumatic epilepsy.

Children/adolescents and their families were recruited 
through hospital registries in Germany and Austria. 
Participants were contacted by postal mail, invited to partici
pate in the study, and informed about the research aim and 
procedures before signing the informed consent and medical 
records release form. Written consent was obtained from all 
parents and all children in all age groups. This was done to 
ensure that all children/adolescents were informed about the 
study.

Trained medical and psychological staff interviewed 
and assessed children/adolescents face-to-face at the 
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recruiting centers or online. Data were collected from 
parents by post or e-mail. There were two age groups: 
children aged 8–12 years (KID) and adolescents aged 
13–17 years (ADO). The estimated sample size for the 
intended analyses within the studies was at least 140 sub
jects per age group (23).

Ethical approval

Both studies were conducted in accordance with all relevant 
laws of Germany including but not limited to the ICH 
Harmonized Tripartite Guideline for Good Clinical 
Practice (‘ICH GCP’) and the World Medical Association 
Declaration of Helsinki (‘Ethical Principles for Medical 
Research Involving Human Subjects’). The study (applica
tion number 19/4/18) was approved by the Ethics 
Committee of the University Medical Center in 
Goettingen. In accordance with the requirements of the 
International Committee of Medical Journal Editors 
(ICMJE), the study was registered with the German 
Register of Clinical Studies (DRKS; https://drks.de/search/ 
de/trial/DRKS00032854), which works closely with the 
World Health Organization (WHO).

Sociodemographic and clinical data, instruments, and 
outcome measures

Parent sociodemographic data (age, education, partnership 
status) were self-reported. Parents documented the sex of 
their children. Children’s age, TBI severity, time since 
injury and information concerning recovery as assessed 
using the Kings Outcome Scale for Childhood Head 
Injury (KOSCHI; see Appendix A. – Instruments and 
Measures) (24) were assessed by the clinical or psycholo
gical staff at the recruiting centers.

The item pool generation for the newly developed dis
ease-specific HRQoL instrument QOLIBRI-KID/ADO for 
a pediatric TBI population aged between the ages of 8 and 
17 years is described elsewhere (8,25). The proxy version 
contains the same items and the same number of items as 
the QOLIBRI-KID/ADO instrument and is worded from 
a proxy-patient perspective (26), asking proxies to report 
how they think the patient would respond. The parents 
report on their child’s life satisfaction now and during the 
past week. The items are rated on a five-point Likert-type 
scale in terms of satisfaction (‘How satisfied do you think 
your child is with .?’ with 1 ‘Not at all,’ 2 ‘Somewhat,’ 3 
‘Moderately,’ 4 ‘Quite,’ 5 ‘Very’) or distress (‘How much do 
you think it bothers your child . . . ?’ with 1 ‘Very’ to 5 ‘Not 
at all’). The questionnaire contains 35 items covering four 
domains of satisfaction: Cognition, Self, Daily Life and 
Autonomy and Social Relationships; and two domains of 
being bothered: Emotions, and Physical Problems. Scores 
are calculated for each scale and for the Total score. Scores 
range from 0 to 100, with higher scores reflecting better 
HRQoL.

Parents also completed the proxy-reports of the Pediatric 
Quality of Life Inventory (PedsQL) generic scale (15), the 
Patient Health Questionnaire 9 (PHQ-9) (27), the 

Generalized Anxiety Disorder-7 (GAD-7) (28), and the 
Postconcussion Symptom Inventory (PCSI-P) (29), which 
was necessary for the psychometric evaluation of the 
QOLIBRI-KID/ADO-Proxy.

In this research project, we administered several neuropsy
chological screening tests to assess verbal memory (digit span 
of the Wechsler Intelligence Scale for Children (WISC-V) (30) 
and the Wechsler Adult Intelligence Scale (WAIS-IV) (31) and 
the Rey Auditory Verbal Learning Test; RAVLT (32)) and 
matrix reasoning of the WISC-V and WAIS-IV. The learning 
rate of the RAVLT was selected for this study as a proxy for the 
actual cognitive functioning to detect differences in perfor
mance associated with the parent-reported HRQoL. Learning 
rates may reflect individual differences in adaptation to novel 
challenges, whereas a test such as matrix reasoning provides 
a more static picture of cognitive performance.

The description and scoring of the instruments can be 
found in Appendix A. – Instruments and Measures.

Missing values

For the QOLIBRI-KID/ADO and QOLIBRI-KID/ADO-Proxy 
instruments, the prorating method was used if up to one third 
of the scale responses were missing. For the PedsQL, the mean 
of the completed items in a scale was calculated, if 50% or more 
of the items had been completed. For the GAD-7 or PHQ-9, if 
up to one third of values were missing, these were substituted 
by the mean score of the non-missing items. For the PCSI-P, 
the Total score was calculated using prorating if 30% or less of 
the items were missing; domain scores were calculated if 30% 
or less of the items were missing in each domain.

Statistical analyses

Proxy and child characteristics, items, scales, and Total scores 
were summarized using descriptive statistics: mean (M), standard 
deviation (SD), median, and range for continuous variables; 
counts and percentages for categorical variables. Skewness (SK) 
was reported for each item of the QOLIBRI-KID/ADO-Proxy. 
Data were considered to be symmetrical (for SK values −0.5 to 
0.5), moderately skewed (−1 to < −0.5 and > 0.5 to ≤ 1), or heavily 
skewed (values < −1 or > 1) (33). Proportions of responses in the 
most satisfied/least bothered categories (ceiling effect) and pro
portions in the least satisfied/most bothered categories (floor 
effect) were reported (34). Floor and ceiling effects with more 
than 15% of participants in these categories (35) suggest limited 
content validity, which consequently affects responsiveness, since 
changes cannot be measured in those participants.

To assess the psychometric properties of the QOLIBRI-KID 
/ADO-Proxy, we employed the checklist of measurement 
properties recommended by the Consensus-based Standards 
for the selection of health Measurement Instruments 
(COSMIN) initiative (36).

The psychometric evaluation included tests of differential 
item functioning (DIF) in children and adolescents, reliability 
(internal consistency, test-retest reliability, and inter-rater 
reliability), validity (factorial and construct validity), with dis
criminant validity using well-established supplemental assess
ment tools, including the PedsQL (15), PHQ-9 (27), GAD-7 
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(28), and PCSI-P (29) to support the suitability of the proxy 
version for measuring TBI-associated HRQoL.

To test whether it was appropriate to jointly analyze 
data from children aged 8–12 years and adolescents aged 
13–17 years, we checked for differential item functioning 
(DIF) using an approach that combines ordinal logistic 
regression and item response theory (LORDIF). A non- 
significant difference (p > 0.01) in items between children 
and adolescents and/or McFadden’s pseudo R2 < 0.05, cor
responding to a small effect, indicated the absence of 
DIF (37).

The internal consistency of the item responses was 
investigated using Cronbach’s alpha (α) and McDonald’s 
omega (ω) (38). The calculation of Cronbach’s α is based 
on the assumption that the responses to individual items 
explain the factor equally and that they are normally dis
tributed (39). In contrast to α, ω is a more robust measure 
of internal consistency (38). McDonald’s ω takes into 
account the factor structure and the potential variation in 
the strength of item-factor relationships, which is better 
suited to assessing the internal consistency of the 
QOLIBRI-KID/ADO-Proxy. Values of α greater than 0.70 
are considered acceptable (39), and the same threshold was 
used for ω.

To assess the reproducibility (34) of the QOLIBRI-KID 
/ADO-Proxy, a subsample of proxies re-completed the ques
tionnaire 10 to 20 days after the initial completion. Test- 
retest reliability was assessed by the intraclass correlation 
coefficient (ICC) using a two-way mixed model with abso
lute agreement and a 95% confidence interval (CI). ICCs 
were calculated for the Total score and for each scale. An 
ICC above 0.70 is recommended as a minimum standard of 
reliability (40).

In order to distinguish clinically important changes from 
measurement errors, the measurement error must be small. 
Measurement error can be expressed in terms of the standard 
error of measurement (SEm), which is related to the SD of the 
first test and the ICC;. Since there are no fixed criteria for 
acceptable SEm values in the literature, we considered a value 
of less than 10 to be satisfactory (41), corresponding to 10 
points or 10% variation on the QOLIBRI-KID/ADO-Proxy 
scales and the Total score. The SEm can be further expressed 
as the minimal detectable change (MDC), i.e., the minimal 
within-person change in score that can be interpreted as 
a real change (34). Since we do not yet know what the minimal 
(clinically) relevant change is, we took a change below 10% to 
be acceptable (41), corresponding to a change of less than 10 
points on the QOLIBRI-KID/ADO-Proxy scales and the Total 
score.

Cohen’s kappa (κ) statistic was calculated for each 
QOLIBRI-KID/ADO-Proxy item and for each scale as an 
estimate of the inter-rater observer agreement, considering 
the expected agreement by chance. Children’s self-reported 
QOLIBRI-KID/ADO scores were used to assess inter-rater 
reliability, and responses between proxy and child reports 
were compared. Weighted κ with linear weights was used, 
assigning equal importance to the differences between any 
two categories within the response scale. The following ranges 
were used to describe the relative strength of agreement: poor  

< 0, slight (0–0.20), fair (0.21–0.40), moderate (0.41–0.60), 
substantial (0.61–0.80), (almost) perfect (0.81–1.00); a κ of 0 
means there is no difference between the observers and chance 
alone (42).

Due to the multidimensionality of the QOLIBRI-KID 
/ADO-Proxy instrument, interpreting its scores requires 
a thorough examination of the reliability and validity of each 
of the scores provided, as well as any comparisons between the 
scores.

Firstly, the scale scores and correlations were reported to 
assess the relationships between the scales, followed by 
a confirmatory factor analysis (CFA) investigating the 
dimensionality of the QOLIBRI-KID/ADO-Proxy. 
A multidimensional model with six correlated latent factors 
represented by the scales of the QOLIBRI-KID/ADO-Proxy 
was estimated. The model fit statistics and the loadings of 
each model were examined. A number of global fit statistics 
were used to assess the models for the best fit: the ratio of 
chi-square statistic/degrees of freedom (χ2/df), the root 
mean square error of approximation (RMSEA) with 90% 
confidence limits, the standardized root mean square resi
dual (SRMR), and the comparative fit index (CFI). We 
considered a model fit to be acceptable if χ2/df was less 
than 3.0. The following RMSEA criteria were used for the 
model fit: poor (RMSEA values above 0.10), mediocre (0.08 
to 0.10) and fair (0.055 to less than 0.08). The range of 
RMSEA confidence limits should be narrow; they are ade
quate between 0.0001 and 0.090, and limits between 0.0001 
and 0.054 are ideal (43). For the SRMR, values less than 
0.055 are considered ideal. For the CFI, values above 0.90 
are considered acceptable, and values above 0.94 indicate 
a very good fit (43). A diagonally weighted least square 
estimator was used in the CFA to account for the ordinal 
nature of the Likert-type scale of the items. Due to missing 
endorsements in higher categories corresponding to low 
HRQoL (i.e., 1–3) for some items, responses were collapsed 
to perform CFA (1: 1–3, 2: 4, 3: 5).

We assessed the construct validity using Pearson corre
lation coefficients (r). As no other TBI-specific HRQoL 
instrument for children and adolescents has been devel
oped yet, we measured the strength of the linear associa
tion between the QOLIBRI-KID/ADO-Proxy and the 
proxy version of the PedsQL Generic Core Scales, which 
assesses generic HRQoL. We evaluated the strength of 
association between the following scales of the QOLIBRI- 
KID/ADO-Proxy vs PedsQL: a) Total score vs Total score, 
b) Physical Functioning (= Physical Problems) vs Physical 
Health Summary score, and c) Psychosocial Functioning 
(sum of Cognition, Self, Social Relationships, Emotions) vs 
Psychosocial Health Summary score. Absolute values 
lower than 0.2 were indicative of a very weak correlation 
(r); values from 0.2 to less than 0.4 weak, values from 0.4 
to less than 0.6 were regarded as moderate, and values of 
0.60 and higher were considered strong (44).

Discriminant validity was assessed by examining correla
tions with less related constructs. Pearson correlation coeffi
cients were used to inspect the associations between the 
QOLIBRI-KID/ADO scores and the PHQ-9, GAD-7, and 
PCSI-P scores. We expected the GAD-7, PHQ-9, and PCSI-P 
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to show negative correlations of medium effect size (r between 
−0.30 and −0.50), indicating some overlap and a potential 
association between lower HRQoL and higher symptom 
burden.

The relationship between TBI-specific HRQoL and relevant 
sociodemographic and clinical characteristics was explored 
using known-group analyses. We investigated the associations 
between child characteristics, including age (KID vs ADO), sex 
(male vs female), TBI severity (mild vs moderate/severe), time 
since injury (<4 vs ≥4 years ago), functional recovery 
(KOSCHI categories 3a/b, 4a/b vs categories 5a/b), learning 
rate (below vs average and above), anxiety, depression, post- 
concussion symptoms (symptoms vs no symptoms), highest 
parental education (university vs other) and the QOLIBRI- 
KID/ADO-Proxy using one-tailed independent t-tests. Based 
on our assumptions, we expected that older age, being female, 
more severe pTBI, lower functional recovery, higher symptom 
burden, and lower educational attainment would be associated 
with lower QOLIBRI-KID/ADO-Proxy scores.

For those who participated in either Study I or Study II, the 
QOLIBRI-KID/ADO total score was compared using a t-test. 
The following Study I and Study II groups were compared 
using χ2 tests to ensure comparability for age (KID vs ADO), 
child gender (male vs female), and TBI severity (mild vs 
moderate vs severe) as well as parental education (university 
vs other) and partnership status (living in partnership vs single 
parent). The significance of the different tests was set at p ≤  
0.05. Cohen’s d (t-tests) and ω (χ2 -tests) were used to classify 
the strength of associations and were conventionally consid
ered to represent small (0.10), moderate (0.30), or large (0.50) 
effects (45).

Analytical software

Data analyses were performed using R version 4.4.0 employing 
the packages ‘psych’ (46) for reliability analyses, ‘lordif ’ (37) 
for DIF analyses, ‘lavaan’ (47) for CFA and ‘semPlot’ (48) and 
‘corrplot’ (49) for data visualization.

Results: study I (pilot study)

For the 300 child-parent dyads included in Study I (Online 
Supplement, Table S1), the mean age of the parents was 46.2 
(SD = 5.63) years. In most cases, the mother (79.7%) com
pleted the questionnaire, and most proxies lived in 
a partnership (87.3%). Two thirds of the parents (76.0%) had 
a university degree. The mean age of the children/adolescents 
was 12.4 (SD = 2.69) years (Online Supplement, Table S2). 
Overall, 59.7% of the sample were boys, and 71.7% had mild, 
8.3% moderate, and 20.0% severe TBI. In half of the partici
pants (49.7%) the injury had occurred more than four years 
ago. Most children and adolescents had recovered 
well (89.7%).

In Study I, the psychometric properties of the parent- 
reported QOLIBRI-KID/ADO-Proxy values displayed very 
good internal consistency; Cronbach’s α (0.71–0.78) and 
McDonald’s ω (0.73–0.86) exceeded the standard cutoff value 
of 0.70 for all scales, and the Total score was excellent with 
α = 0.9 and ω = 0.93 (Online Supplement, Table S3). The test- 

retest reliability was acceptable (Online Supplement, Table S4) 
with the ICCs at least above 0.6 for the scales (0.614–0.797) 
and good for the Total score (0.773). Small SEms were 
observed for four scales (Cognition, Self, Daily Life and 
Autonomy, Social Relationships) and the Total score, with 
considerable smallest detectable changes (>15), indicating 
small measurement errors but the need to consider substantial 
changes in HRQoL for meaningful detection. The CFA result 
(Online Supplement, Table S5) supports the interpretation of 
the QOLIBRI-KID/ADO-Proxy as a six-factor structure that 
correspond to the self-reported QOLIBRI-KID/ADO (8,9) and 
the adult QOLIBRI (50,51).

The QOLIBRI-KID/ADO-Proxy and the PedsQL (Online 
Supplement, Table S6) had mean scale scores above 60, 
a finding that is in line with other HRQoL studies, particularly 
those involving children and adolescents (10). The distribu
tions of the QOLIBRI-KID/ADO-Proxy items were left- 
skewed for all scales except the Emotions scale and for all 
PedsQL scales, indicating higher HRQoL. Furthermore, the 
scale scores of the questionnaires assessing post-concussion 
(PCSI-P), anxiety (GAD-7), and depressive symptoms (PHQ- 
9) displayed a right-skewed distribution, indicating more 
proxy-rated symptoms in the children/adolescents.

Inter-rater reliability was fair (Online Supplement, Table 
S7), with κ values ranging between 0.24 and 0.41 for all scales 
and with κ = 0.49 for the Total score.

In terms of construct validity (Online Supplement, Table 
S8), as expected, the QOLIBRI-KID/ADO-Proxy is compar
able in its constructs to the generic HRQoL measure, the 
PedsQL. Strong correlations were seen between the Total 
scores (r = 0.72) and between the Psychosocial Functioning 
score and Psychosocial Health Summary score (r = 0.65). The 
correlation between Physical Problems and Physical 
Functioning (r = 0.43) was moderate.

Discriminant validity analyses revealed strong negative 
associations between the QOLIBRI-KID/ADO-Proxy Total 
score and depression (r = −0.66), anxiety (r = −0.58), and post- 
concussion symptoms (r = −0.72).

Known-group analyses (Online Supplement, Table S9) sug
gest that it is useful in differentiating between parental educa
tion (lower proxy-rated HRQoL of children/adolescents with 
lower parental education; d = −0.51), TBI severities (lower 
HRQoL with higher severity; d = −0.29), time since injury 
(lower HRQoL in children/adolescents after a more recent 
TBI; d = −0.22), functional recovery (lower HRQoL with 
incomplete recovery; d = −1.01), and the actual symptom bur
den of the children (lower HRQoL with more depressive 
(d = −1.40), more anxiety (d = −1.31), and more post- 
concussion symptoms (d = −1.64)).

Results: study II (final validation study)

The sociodemographic characteristics of the parents are sum
marized in Table 1. Of the 300 child-parent dyads included in 
the study, one third (31.3%) had also participated in Study 
I. The mean age of the proxies was 45.3 (SD = 6.15) years. In 
most cases, the mother (79.3%) completed the questionnaire, 
and most proxies lived in a partnership (86.0%). Two thirds 
(64.3%) of the proxies had a university degree.
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Of the 300 children included in Study II (Table 2), 167 were 
in the KID (56%) and 133 in the ADO (44%) group. Overall, 
54.3% of the children/adolescents in the sample were male. 
The majority (80.0%) had a mild TBI, a quarter (24.3%) had 
lesions, but most of them had recovered well from their injury 
(94.0%) and were more than four years post-injury (66.7%, 
M = 5.37 years, SD = 2.71, Md = 5.31 years [0.46, 9.95]).

The QOLIBRI-KID/ADO-Proxy and the PedsQL (Table 3) 
had mean scale scores above 60. The distributions of the 
QOLIBRI-KID/ADO-Proxy items were left-skewed in all but 
the Emotions scale and both summarized scales (Psychosocial 
Functioning and Total score) and all of the PedsQL scales, 
indicating higher HRQoL. Additionally, the PHQ-9, GAD-7, 
and PCSI-P scale scores were right-skewed (higher scores 
indicating higher intensity of symptoms), suggesting 
a greater proxy-rated symptom burden in the children and 
adolescents.

The percentage of missing values was below 2% for all items 
(Appendix B., Table B1). Most of the items had ceiling effects, 
above 85% for 10 of the 35 items, indicating that a high 

proportion of responses were at the upper end of the scale. 
Floor effects (>15%) were observed for seven of the 35 items 
(all of them from the two ‘bothered-by’ scales, Emotions and 
Physical Problems).

The values of Cronbach’s α and for McDonald’s ω are sum
marized in the Appendix B., Table B1. The results indicate good 
internal consistency for all scales; the scales’ α ranges from 0.77 
to 0.84, ω lies between 0.83 and 0.91. The Total score displayed 
an excellent Cronbach’s α = 0.91 and McDonald’s ω = 0.94.

The test-retest scores for all scales produced reliable ICCs 
above 0.7 (slightly lower for the Emotions scale). Acceptable 
SEms below 10 were observed for all scales (except for the 
Emotions scale). All scales had MDCs above 10 points.

On average, the difference between the test and retest was 
unidirectional across all scales and the Total score. On average, 
proxies reported the child’s HRQoL as being higher in the 
retest than in their initial report, Table 4.

The values of the global fit statistics of the six-factor 
model suggest a fair model fit: SRMR = 0.08, RMSEA = 0.05 
[CI90% = 0.04; 0.05], CFI = 0.99, and χ2(545) = 852.87, 

Table 1. Study II: Sociodemographic characteristics of the parents.

Proxy characteristics Category Statistic Total (N = 300)

Previous participation in Study I (pilot study) Yes N (%) 94 (31.3)
No 206 (68.7)

Questionnaire completed by Mother N (%) 238 (79.3)
Father 51 (17.0)
Both 6 (2.0)
Other person 3 (1.0)
Missing 2 (0.7)

Parent’s age Mean (SD) 45.3 (6.15)
Median (Range) 44.0 (20.0, 67.0)

Missing N (%) 3 (1.8)

Partnership status In relationship/married N (%) 258 (86.0)
Single parent 37 (12.3)
Missing 5 (1.7)

Highest education Primary school N (%) 1 (0.3)
Secondary/high school 51 (17.0)
Vocational school 54 (18.0)
College/university 193 (64.3)
Missing 1 (0.3)

Table 2. Study II: Children’s characteristics.

Child characteristic Category Statistic Total (N = 300)

Age (years) Mean (SD) 12.2 (2.66)

Sex Female N (%) 137 (45.7)
Male 163 (54.3)

TBI severity Mild N (%) 240 (80.0)
Moderate 30 (10.0)
Severe 30 (10.0)

Lesions No N (%) 227 (75.7)
Yes 73 (24.3)

Functional recoverya Lower recoverya N (%) 15 (5.0)
Good recoverya 282 (94.0)
Missing 3 (1.0)

Time since injury (years) <1 N (%) 15 (5.0)
1 to < 2 30 (10.0)
2 to < 4 55 (18.3)
4 to 10 200 (66.7)

aKOSCHI values 4b = lower recovery = moderate disability, 5a/b = good recovery.
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Table 3. Study II: Descriptive statistics of the total score and the scale scores of the QOLIBRI-KID/ADO-Proxy completed and proxy-completed PedsQL, PHQ-9, GAD-7, 
and PCSI-P.

Scales M SD Md Min Max SK N

QOLIBRI-KID/ADO-Proxy Cognition 78.83 14.23 82.14 25.00 100.00 −0.81 299
Self 76.23 15.05 75.00 15.00 100.00 −0.78 298
Daily Life and Autonomy 86.15 12.26 89.29 42.86 100.00 −0.99 299
Social Relationships 76.73 14.45 79.17 16.67 100.00 −0.66 298
Emotions 65.19 24.13 68.75 6.25 100.00 −0.50 298
Physical Problems 

(= Physical Functioning score)
76.37 20.02 83.33 8.33 100.00 −1.09 296

Psychosocial Functioning score 74.23 12.85 74.64 29.03 100.00 −0.34 297
Total score 76.55 11.91 77.73 32.75 98.12 −0.45 294

PedsQL Emotional Functioning 71.99 18.39 75.00 0.00 100.00 −0.73 299
Social Functioning 85.70 15.52 90.00 25.00 100.00 −1.22 299
School Functioning 77.02 18.01 80.00 0.00 100.00 −0.81 297
Physical Functioning 

(= Physical Health Summary score)
89.96 13.28 93.75 25.00 100.00 −2.22 299

Psychosocial Health Summary score 78.24 13.86 80.00 28.33 100.00 −0.80 297
Total score 82.33 12.29 84.78 34.09 100.00 −1.24 297

PHQ-9 Total score (depression) 3.77 3.30 3.0 0.00 22.00 5.60 2.3
GAD-7 Total score (anxiety) 3.39 3.19 3.0 0.00 17.00 2.45 2.3
PCSI-P Total score (post-concussion symptoms) 10.85 14.44 5.00 0.00 81.00 2.17 289

M = Mean, SD = standard deviation, Md = Median, Min = minimum, Max = Maximum, SK = skewness, N = absolute frequencies; QOLIBRI-KID/ADO and PedsQL: range 0 to 100, 
higher score indicates better HRQoL; PCSI-P: range von 0 to 126; GAD-7: range 0 to 21: PHQ-9: range 0 to 27; higher scores indicate higher intensity of symptoms.

Table 4. Study II: Test-retest reliability.

QOLIBRI-KID/ADO-Proxy
Retest 

N
Test 

M (SD)
Retest 
M (SD) ICC 95% CIICC SEm MDC

Cognition 31 78.83 (14.23) 83.4 (14.2) 0.88 [0.77, 0.94] 4.39 12.18
Self 31 76.23 (15.05) 82.1 (13.0) 0.77 [0.52, 0.89] 5.46 15.13
Daily Life and Autonomy 31 86.15 (12.26) 90.2 (12.5) 0.82 [0.67, 0.91] 5.10 14.14
Social Relationships 31 76.73 (14.45) 80.4 (12.5) 0.74 [0.53, 0.87] 7.55 20.94
Emotions 30 65.19 (24.13) 74.2 (21.8) 0.68 [0.44, 0.83] 13.16 36.48
Physical Problems 30 76.37 (20.02) 84.2 (16.6) 0.86 [0.72, 0.93] 8.69 24.09
Total score 30 76.55 (11.91) 82.2 (11.6) 0.85 [0.67, 0.93] 4.66 12.91

N = number analyzed (parents completing test and retest), M = mean, SD = standard deviation, ICC = intraclass correlation coefficient; CI = 95% confidence interval, 
SEm = standard error of measurement, MDC = minimal detectable change.

Figure 1. Study II: Six-factor one-level model – items, scales (latent factors), and standardized path coefficients.
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df/χ2 = 1.56, p < 0.001. Standardized loadings for individual 
items and latent factors can be found in Figure 1. Based on the 
fit statistics, the six-factor solution provides a parsimonious 
model of the measure.

The strength of agreement (Table 5) between proxies and 
children on the scale level was fair to moderate with κ values 
ranging from 0.22 (Emotions) to 0.45 (Cognition).

Analyzing construct validity, the QOLIBRI-KID/ADO- 
Proxy Total score displayed a strong positive correlation 
(Figure 2) with the PedsQL’s Total score (r = 0.73), indicating 
that the higher the specific HRQoL, the higher the generic 
HRQoL. Moderate relationships were observed between the 
QOLIBRI-KID/ADO-Proxy Physical Problems scale and 
PedsQL’s Physical Health Summary Score (r = 0.49), and the 
relationship between the QOLIBRI-KID/ADO-Proxy 
Psychosocial Functioning score and PedsQL’s Psychosocial 
Health Summary Score was strong (r = 0.68).

Analyzing discriminant validity (Figure 2), correlations 
between the Total score of the QOLIBRI-KID/ADO-Proxy 
and the PHQ-9, GAD-7, and PCSI-P had moderate to strong 
negative coefficients (r = −0.62, r = −0.56, r = −0.61, respec
tively), indicating that lower HRQoL is associated with more 
severe symptoms and vice versa.

There was no evidence of statistically significant differences 
between the QOLIBRI-KID/ADO-Proxy Total scores and the 
children’s age and TBI severity (Table 6). However, a small but 
statistically significant difference in the QOLIBRI-KID/ADO- 
Proxy Total scores was observed between boys and girls 
(d = −0.02). Parents of girls reported lower HRQoL compared to 
parents of boys. There was evidence of statistically significant 
differences between the parents’ education and their reporting of 
their children’s HRQoL: parents without a university degree (pri
mary to secondary school) reported lower HRQoL (d = −0.41). 
The HRQoL was rated significantly lower by single parents com
pared with parents living in a partnership (d = −0.37). Parents’ 
scores also differed depending on time since injury (d = −0.45): 
the more recent the TBI, the lower the proxy-rated HRQoL of the 
children. Moreover, proxies rated the HRQoL of their children 
significantly lower if the children had depressive (d = −1.23), 
anxiety (d = −1.17), or post-concussion symptoms (d = −0.78).

Ninety-four (31.3%) participants had also participated in 
the pilot study; however, prior participation had no effect on 
the QOLIBRI-KID/ADO-Proxy Total scores in the present 
study (Mrepeated = 76.71 vs Mnaïve = 76.22, t(292) = −0.33, 
p = 0.745, d = −0.04). Sociodemographic comparisons between 

Table 5. Study II: Inter-rater reliability (parents vs children/adolescents).

QOLIBRI-KID/ADO κ value [95% CI]

Cognition 0.45 [0.37, 0.54]
Self 0.34 [0.24, 0.44]
Daily Life and Autonomy 0.32 [0.21, 0.43]
Social Relationships 0.31 [0.22, 0.41]
Emotions 0.22 [0.10, 0.34]
Physical Problems 0.27 [0.16, 0.39]
Total 0.41 [0.32, 0.51]

CI = Confidence interval; κ = Cohen’s weighted kappa statistic; linear weights 
were used.
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Figure 2. Study II: Construct and discriminant validity, Pearson correlation coefficients between the QOLIBRI-KID/ADO-Proxy and the proxy completed PedsQL, PHQ-9, 
GAD-7, and PCSI-P.
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Study I and II revealed no differences with respect to sex 
(χ2 = 2.629, p = 0.105, w = 0.075). There were significant differ
ences for age (χ2 = 5.707, p = 0.017, w = 0.110), parental educa
tion (χ2 = 17.815, p < 0.001, w = 0.192), and TBI severity 
(χ2 = 15.838, p < 0.001, w = 0.177). However, the effect sizes 
were small.

Discussion

This study presents the German QOLIBRI-KID/ADO-Proxy, 
the first proxy version of the 35-item QOLIBRI-KID/ADO 
questionnaire for assessing disease-specific HRQoL after TBI 
in two German pediatric samples. There is a consensus that 
parental reports alone are inadequate when characterizing 
HRQoL in children and adolescents in general (52) and after 
pediatric TBI in particular (11). In order to improve pediatric 
health care after injury, integrating child/adolescent and par
ental views may produce a broad and comprehensive picture of 
HRQoL in children and adolescents (52).

The results for the newly developed QOLIBRI-KID/ADO- 
Proxy revealed good to excellent internal consistencies in both 
studies, with Cronbach’s α and McDonald’s ω partly far 
exceeding the cutoff of 0.70 (up to 0.93) for all scales and the 
Total scores. The test-retest reliability suggests that the ques
tionnaire is stable, valid, and reliable over a test-retest interval, 
as indicated by the ICC. With the exception of the Emotions 
scale (Study I and II) and the Physical Problems scale (in Study 
I), all scale scores had SEm values of less than 10%, indicating 
considerable variability in the data. Based on the MDC values, 
a change in TBI-specific HRQoL of more than 12 points in the 
QOLIBRI-KID/ADO Total and scale scores can be interpreted 
as a ‘true’ shift. This indicates that larger changes are needed to 
exceed the measurement error and to be considered clinically 
important. These results suggest that the QOLIBRI-KID 

/ADO-Proxy may have the expected, limited sensitivity to 
detect small, yet meaningful changes between testing and 
retesting over an interval of 10 to 20 days. Longitudinal 
research is recommended, for example on the effects of treat
ment on HRQoL over a longer period of time.

The model fit statistics for the one-level six-factor model 
were good. The results are consistent with the findings during 
the development of the QOLIBRI-KID/ADO questionnaire as 
a self-report measure in adults (50,51) and children (8,9). By 
using the scale scores, we gain insights into six specific 
domains of HRQoL, allowing for a more comprehensive 
understanding of the impact of TBI on different aspects of 
well-being: Cognition, Self, Daily Life and Autonomy, Social 
Relationships, Emotions, Physical Problems.

In both studies, the mean QOLIBRI-KID/ADO-Proxy 
scores for all scales and the Total scores were around 70 and 
above (out of 100) and left-skewed (Study I: in all but the 
Emotions scale); this supports the notion that most parents 
perceived their children’s HRQoL favorably. There could be 
multiple reasons for these high satisfaction scores. The major
ity of children in our samples had a mild TBI with good 
functional recovery, suggesting that parents are not concerned 
about or do not perceive their children’s deficits in these 
domains. Furthermore, the samples were self-selected in var
ious recruiting centers (and >90% did not respond to the 
invitation), which may have introduced a selection bias (53). 
However, it is important to consider the implications of the 
high mean scale scores and higher ceiling effects of the items. 
A similar effect was also observed in a study of 13,878 parents 
of healthy and chronically ill children using the PedsQL (54). 
The ceiling effect poses a potential challenge (34) when asses
sing improvements in HRQoL, as once the highest score is 
reported, further improvement and responsiveness cannot be 
accurately captured.

Table 6. Study II: Results of known-group validity analyses of the QOLIBRI-KID/ADO-Proxy total score, sociodemographic, and clinical characteristics.

Characteristic N
QOLIBRI-KID/ADO-Proxy 

M (SD) t df d p-value

Age KID 163 76.35 (12.60) −0.252 292 −0.03 0.401
ADO 131 76.71 (11.37)

Sex Female 134 75.02 (12.45) −2.029 292 −0.02 0.022
Male 160 77.83 (11.32)

Education of the parents Other than university 105 73.49 (12.56) −3.343 292 −0.41 <0.001
University 189 78.25 (11.22)

Partnership status Single parent 36 72.71 (12.50) −2.071 288 −0.37 0.020
In relationship/married 254 77.11 (11.82)

TBI severity Moderate/Severe 59 74.63 (11.04) −1.390 292 −0.20 0.083
Mild 235 77.03 (12.10)

Time since injury <4 years 97 73.02 (12.07) −3.641 292 −0.45 <0.001
4–10 years 197 78.29 (11.47)

Functional recovery (KOSCHI) Incomplete recoverya 15 66.11 (14.95) N/A N/A N/A N/A
Good recoverya 276 77.11 (11.55)

Learning rate 
(RAVLT)

Below average 57 74.46 (13.42) −1.452 291 −0.21 0.074
Average and above 236 77.01 (11.50)

Depressive symptoms (PHQ-9) Mild to severe (≥5) 87 67.53 (11.59) −9.648 292 −1.23 <0.001
None to minimal (0–4) 207 80.34 (9.85)

Anxiety symptoms 
(GAD-7)

Mild to severe (≥5) 84 67.75 (11.09) −9.048 292 −1.17 <0.001
None to minimal (0–4) 210 80.07 (10.32)

Post-concussion symptoms (PCSI-P) Symptoms presentb 45 69.21 (11.72) −4.787 289 −0.78 <0.001
No symptomsb 246 78.07 (11.36)

One-tailed, independent t-tests were used to evaluate differences between categories (in bold: p-values <0.05). For each characteristic, the first line indicates the 
expected group with lower HRQoL. n = sample size (only groups with n > 30 and only those with available QOLIBRI-KID/ADO-Proxy Total scores included in the 
analyses); M = mean; SD = standard deviation; scores of those with missing categories are not displayed. aincomplete recovery: KOSCHI values of 3a/b. 4a/b, good 
recovery: 5a/b; bPCSI-P: symptoms ≥ M +1SD, no symptoms ≤ M.
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Comparing the Total score, the Physical Functioning, and 
the Psychosocial Functioning scores with the corresponding 
scales of the generic HRQoL measure (PedsQL), the correla
tions indicate the expected construct overlap and highlight the 
ability of the measure to capture important aspects of HRQoL 
in a TBI population. In line with previous studies (55), the 
QOLIBRI-KID/ADO-Proxy Total score and post-concussion, 
anxiety and depression symptoms displayed low to moderate 
negative correlations. This suggests that higher levels of symp
tom distress are associated with lower levels of HRQoL and 
vice versa. One critical aspect of this reduced HRQoL is the 
symptom burden experienced by children. Anxiety and 
depression are particularly prevalent, ranging from 11% to 
45% among children after TBI (56), leading to delayed recov
ery and psychosocial outcomes (16) that further exacerbate the 
impact on their HRQoL (55). Post-concussion symptoms 
(PCS) can include headaches, dizziness, fatigue, and cognitive 
impairment, which may persist for weeks or months (57) and 
are mainly underdiagnosed after complicated and uncompli
cated mild TBI (58). Individuals may also experience similar 
symptoms after moderate and severe TBI, referred to as post- 
concussion-like symptoms, which require appropriate treat
ment. Post-concussion symptoms (PCS) are debated in adult 
research, as they are not specific to head injuries and also occur 
in non-injured individuals (59) and the general population 
(60). Various biological, psychological, and social factors con
tribute to these symptoms (61). The term ‘post-concussion- 
like’ symptoms is used, as seen in pediatric studies (62) and 
adult general population research (60,63,64), to highlight their 
broader occurrence beyond TBI. Research indicates these 
symptoms are debilitating and significantly impact HRQoL, 
even in healthy individuals. In addition to the TBI, other 
injuries sustained by the children at the same time may also 
be contributing factors (62). Furthermore, based on the find
ings after TBI in adults (65) and children (66,67), we recom
mend that future pediatric studies should also investigate the 
associations of specific factors (e.g. age, gender, other concur
rent injuries, TBI severity, and premorbid problems) with 
post-concussion-like symptoms. Distinguishing between the 
occurrence, frequency, and intensity of these symptoms, 
while controlling for predefined factors, may help to develop 
more appropriate treatment strategies for individual sub
groups with multiple or more intense symptoms. After mod
erate and severe TBI there is a special need for compensatory 
strategies to be applied to reduce the burden of long-term 
consequences. This highlights the need for consistent moni
toring of post-concussion and post-concussion-like symp
toms, anxiety, and depression as short-term and long-term 
consequences in the follow-up care of children who have 
sustained TBI, particularly after mild TBI.

Results from Studies I and II indicate that inter-rater relia
bility varied from fair (especially for the Emotions and Physical 
Problems scales) to moderate. This is consistent with findings 
reported in the literature that parents often underestimate (13) 
or partly overestimate (68) their children’s HRQoL, indicating 
that there is relatively little concordance between parents and 
children following TBI (11). For example, the poor inter-rater 
reliability in the Emotions scale (κ = 0.24 and 0.22) suggests 
that there may be specific aspects of the scale that require 

further attention in order to improve the inter-rater reliability. 
Discrepancies may arise from different perspectives on more 
internalized emotional experiences between the parents and 
the children themselves (69). The potential limitations of par
ent-child agreement need to be considered, and researchers 
and clinicians should not rely solely on proxy reports.

The known-group analyses of Study I and II led to similar 
results regarding factors that may potentially influence 
HRQoL. In line with previous studies, we found lower proxy- 
rated HRQoL in relation to lower parental education (6) and 
more recent TBI (70) in both studies. Furthermore, consistent 
with previous research on proxy-reported (71) or self-reported 
HRQoL (55), we observed that more depression, anxiety, and 
post-concussion symptoms were significantly associated with 
lower HRQoL in both studies. Also, no difference in HRQoL 
based on the learning rates of the children/adolescents was 
identified. Nevertheless, there were some differences between 
the two studies. In Study II, we discovered a partnership effect 
(72), with lower HRQoL reported by single parents compared 
with parents living in a partnership. In Study I, the examina
tion of the scores by children’s characteristics demonstrates the 
ability of the QOLIBRI-KID/ADO-Proxy to distinguish 
between different levels of TBI severity and functional recov
ery. In line with other studies, the higher the severity (13) and 
the lower the functional recovery (19), the lower the HRQoL. 
However, this finding was not replicated in the final validation 
Study II, possibly because it included too few individuals after 
a severe TBI and with severe disability. Discrepancies were also 
found between the two studies regarding age and sex, which is 
consistent with equivocal findings in other pediatric TBI 
research. Study I revealed that younger children had higher 
proxy-rated HRQoL scores compared to adolescents, as 
described by Haugland and colleagues (73). In contrast, in 
the final validation Study II, no significant age effect was 
observed as also reported by Andruszkow and colleagues 
(74). Additionally, parents in Study II rated HRQoL lower 
for girls, which has also been reported in other studies (18).

Strengths & limitations

The QOLIBRI-KID/ADO-Proxy questionnaire is the first 
proxy-reported questionnaire for assessing TBI-specific 
HRQoL and covers a range of HRQoL domains that can be 
assessed separately. In both our studies, completion rates for 
the HRQoL measures were excellent with a minimal number of 
missing items, contributing to the robustness of our results.

Further work on the QOLIBRI-KIDDY (for ages 6 to 7  
years) and QOLIBRI-KIDDY-Proxy versions is still ongoing. 
Once completed, we will be able to offer a longitudinal mea
sure of TBI-related HRQoL from early childhood to late adult
hood (50,51).

In our studies, children were included up to 10 years post- 
injury, so TBI may have had a different impact on the chil
dren’s HRQoL as rated by their parents due to different recov
ery times. The prevalence of mild TBI is very high, at 90.0% to 
97.3% (1), which is also reflected by our studies. This lack of 
variance in TBI severity could make the results of psycho
metric testing less generalizable.
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The potential impact of further factors related to the socio- 
demographic and clinical characteristics of a proxy completing 
the measure (e.g., the gender of all parents, parental mental 
health status, etc.) on their rating behavior needs to be con
sidered in future studies, and the associations between these 
proxy characteristics and the proxy scores should be explored.

Nevertheless, based on the psychometric analyses con
ducted in the QOLIBRI-adult development study of the 
proxy version (75,76), it seems reasonable to conclude that 
the proxy instrument will also be valid for the assessment of 
individuals after moderate and severe TBI. As the validation 
of the questionnaire mainly in mild TBI presents a clear 
limitation of this study, the validity needs to be increased 
by assessing individuals with a wider range of symptoms, 
especially after moderate and severe TBI, who are not able to 
understand or answer with the proxy instrument. This may 
provide a more solid basis for the psychometric properties of 
the QOLIBRI-KID/ADO-Proxy instrument. To date, the 
validation of QOLIBRI-KID/ADO-Proxy has been limited 
to the German pediatric/proxy population. Further research 
extending the use of the measure to non-German popula
tions would contribute to a multinational TBI-specific 
assessment of HRQoL.

Future research could also consider linking the QOLIBRI- 
KID/ADO-Proxy longitudinally with the version for younger 
children (QOLIBRI-KIDDY-Proxy) and with the adult 
QOLIBRI version, to investigate longitudinal HRQoL trajec
tories and changes over the lifespan. This would offer valuable 
insights for clinical practice, research, and interventions tar
geting long-term well-being. The findings provide valuable 
support for clinicians and researchers, enhancing their ability 
to evaluate patients and improve clinical management, care, 
and rehabilitation following pediatric TBI. The findings indi
cate that early psychological therapy and, if necessary, medical 
treatment for depression, anxiety, and post-concussion symp
toms may be potential strategies for improving HRQoL after 
pediatric TBI.

Conclusion

The psychometric evaluation and validation of the TBI- 
specific HRQoL QOLIBRI-KID/ADO-Proxy questionnaire 
for children aged 8–17 years in two German samples of 
parents yielded favorable results. The studies demonstrate 
that the QOLIBRI-KID/ADO-Proxy is a valid and reliable 
instrument for assessing HRQoL after pediatric TBI in the 
German-language context, especially after mild TBI. This 
multidimensional 35-item measure covering six domains 
(Cognition, Self, Daily Life and Autonomy, Social 
Relationships, Emotions, and Physical Problems) provides 
a comprehensive understanding of HRQoL in children and 
adolescents after TBI. Due to the limitations of the current 
study in terms of its validation being restricted to the 
German language context and mainly among individuals 
after mild TBI, we strongly recommend validating this ques
tionnaire in other languages and in individuals with 
a broader range of symptoms and TBI severities. Linguistic 
translation has already been completed for English, French, 
and Spanish language contexts. Validation studies in 

appropriate samples of individuals after pediatric TBI in 
these language contexts are still needed. Based on the 
German validation study results, we still recommend the 
adoption of this measure as a surrogate for self-reported 
assessments of HRQoL in children and adolescents after 
TBI when a child lacks the ability to self-report.
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APPENDICES

Appendix A. Instruments and measures

Kings Outcome Scale for Childhood Head Injury (KOSCHI)

The KOSCHI (24) is a clinician-rated outcome instrument documenting a child’s recovery from injury and is used for monitoring the burden of 
disability caused by TBI. In this study, the KOSCHI category membership was assessed by the investigators, and only children with recovery categories 
three though five were included. The five KOSCHI categories are: 1. Death, 2. Vegetative state, 3. Severe disability, 4. Moderate disability, and 5. Good 
recovery.

Proxy Pediatric Quality of Life Inventory (PedsQLTM) version 4.0, Generic Core Scales

The PedsQLTM Generic Core Scales (15) measure generic HRQoL using 23 items on four multidimensional scales (Physical, Emotional, Social, 
and School Functioning). Three summary scores can be calculated: Physical Health Summary Score (eight items), Psychosocial Health 
Summary Score (15 items), and a Total score (23 items). Parents are asked to answer questions about the child’s physical, emotional, social, 
and school functioning in the past one month using a five-point Likert-type scale ranging from 0 to 4 (‘Never’ to ‘Almost always’). To obtain 
scores, item values are reversed and linearly transformed to a 0–100 scale with higher scores indicating better generic HRQoL.

Rey Auditory Verbal Learning Test (RAVLT)

The Rey Auditory Verbal Learning Test (RAVLT) (32) was employed for the purpose of evaluating verbal learning and memory. The examiners read out 
15 words, which the children were then required to repeat over the course of eight trials. The learning rate was calculated by subtracting the number of 
words recalled in Trial I from those recalled in Trial V. This learning rate was then categorized as being above, below, or within the typical range for the 
child’s age group (M ±1 SD).

Patient Health Questionnaire 9 (PHQ-9)

The PHQ-9 (27) contains nine items assessing symptoms of depression according to the DSM-5 (27). Parents completed the proxy version of the PHQ-9 
(27), rating children’s symptoms over the past two weeks. The total score is calculated by summing the responses to each item using a four-point Likert- 
type scale from 0 (‘Not at all’) to 3 (‘Nearly every day’), the range is from 0 to 27; higher scores indicate more depressive symptoms. PHQ-9 Total scores 
rate severity of depression symptoms as none/minimal (0–4), mild (5–9), moderate (10–14), or severe (score 15 and above) (27).

Generalized Anxiety Disorder-7 (GAD-7)

The GAD-7 (28) is a seven-item instrument used to assess symptoms of anxiety according to the Diagnostic and Statistical Manual of Mental 
Disorders, Fifth Edition (DSM-5) (28). Total scores are calculated by summing the responses to each item using a four-point Likert-type scale, 
coded 0 (‘Not at all’) to 3 (‘Nearly every day’). The Total score ranges from 0 to 21; higher values indicate greater disturbance and impairment; 
none/minimal (scores 0–4), mild (5–9), moderate (10–14), and severe impairment (score 15 and above) (28). Parents completed the proxy 
version and rated children’s symptoms in the last two weeks.

Postconcussion Symptom Inventory – Parent Report (PCSI-P)

The PCSI-P (29) consists of 21 proxy-rated post-concussion symptoms in children and adolescents. These symptoms are rated on a seven-point 
Guttman scale with three anchor categories: ‘Not a problem,’ ‘Moderate problem,’ and ‘Severe problem.’ Items cover four domains: physical, emotional, 
cognitive, and sleep/fatigue. The sum of all the items constitutes the Total score. Due to the lack of reference values, the Total scores are categorized as 
below average, above average, or within the average range (M ±1 SD).
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Appendix B.

Table B1. Study II: item and scale statistics of the QOLIBRI-KID/ADO-Proxy questionnaire: descriptive statistics, internal consistency parameters, and DIF analyses.

Descriptive statistics
Internal 

consistency
DIF 

analyses

Scale Items M SD
% 

Miss-ing SK
% 

Floor
% 

Cei-ling α
Changes 

in α if omitted ω CITC p R2

Cognition 0.81 0.86
Concentration 3.82 0.84 2 −0.46 5 66 −0.06 0.78 0.412
Talking to Others 4.41 0.74 1 −1.07 2 87 −0.01 0.53 0.097
Remembering 4.13 0.89 0 −1.01 6 81 −0.05 0.74 0.070
Planning 3.93 0.96 1 −0.83 6 70 −0.03 0.64 0.001 0.02
Decision between Two Things 3.81 0.91 1 −0.7 7 68 0.01 0.40 0.308
Orientation 4.73 0.58 0 −2.39 0 95 −0.01 0.48 0.456
Thinking Speed 4.23 0.86 0 −1.12 3 82 −0.04 0.70 0.305

Self 0.80 0.86
Energy 3.78 0.91 0 −0.73 8 68 −0.03 0.62 0.040
Accomplish-ment 4.32 0.79 1 −1.19 3 87 −0.03 0.60 0.048
Appearance 4.03 0.8 0 −0.98 4 81 −0.03 0.68 0.059
Self-Esteem 4.03 0.75 1 −0.72 3 80 −0.07 0.78 0.249
Future 4.09 0.77 1 −0.65 3 80 −0.04 0.66 0.437

Daily Life and Autonomy 0.79 0.86
Daily Independence 4.83 0.45 0 −2.84 0 97 −0.03 0.44 0.436
Getting Out and About 4.71 0.58 1 −2.16 1 95 −0.02 0.66 0.050
Manage at School 4.2 0.85 1 −0.98 3 80 −0.05 0.57 0.114
Social Activities 4.41 0.77 0 −1.26 2 88 −0.04 0.69 0.280
Decision Making 4.17 0.86 0 −1.02 4 81 −0.04 0.65 0.067
Support from Others 4.18 0.79 1 −0.75 2 82 −0.01 0.65 0.143
Ability to Move 4.6 0.73 1 −2.17 1 91 −0.03 0.52 0.250

Social Relation-ships 0.84 0.91
Open up to Others 4.05 0.76 1 −0.54 2 78 −0.02 0.64 0.170
Family Relationship 4.17 0.75 1 −0.53 2 82 0.01 0.49 0.414
Relationship with Friends 4.31 0.69 1 −0.68 1 88 −0.03 0.75 0.536
Friendships 4.24 0.79 0 −0.94 2 84 −0.04 0.77 0.749
Attitudes of Others 3.96 0.79 1 −0.72 4 77 −0.05 0.81 0.965
Demands from Others 3.68 0.85 1 −0.51 7 61 −0.02 0.67 0.105

Emotions 0.82 0.85
Loneliness 3.88 1.25 0 −0.87 19 70 −0.02 0.65 0.554
Anxiety 3.63 1.21 1 −0.50 21 59 −0.07 0.76 0.857
Sadness 3.44 1.15 1 −0.52 23 56 −0.11 0.86 0.630
Anger 3.5 1.18 1 −0.45 23 57 0.00 0.60 0.198

Physical Problems 0.77 0.83
Clumsiness 3.41 1.22 1 −0.33 26 52 0.01 0.37 0.007 0.011
Other Injuries 4.42 1.09 2 −1.83 9 81 −0.04 0.62 0.230
Headaches 3.62 1.42 1 −0.59 26 60 −0.05 0.67 0.631
Pain 3.99 1.22 1 −0.96 15 70 −0.07 0.73 0.328
Seeing/Hearing 4.4 1.05 2 −1.73 9 82 −0.04 0.62 0.981
TBI Effects 4.49 0.99 2 −2.09 7 85 −0.03 0.57 0.190

Total Score 0.91 0.94

M = Mean; SD = standard deviation; % = percent; SK = skewness. Negative values indicate left-skewed distributions. R2 = McFadden’s R2. CITC = corrected item – total 
correlations. Negative values in ‘Changes in α if omitted’ indicate a decrease in a scale’s Cronbach’s α if this item is omitted. p refers to a χ2 -test between LORDIF 
models, including scale scores for an item only, to models including the scale score, the age category, and the age category and scale score interaction. McFadden’s 
R2 is only reported for items with significant differences in model comparison.
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