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Abstract

Background The German Rivermead Post-Concussion Symptoms Questionnaire (RPQ) can be used to assess post-
concussion symptoms (PCS) after traumatic brain injury (TBI) in adults, adolescents, and children.

Methods In this study, we examined the psychometric properties of the German RPQ proxy version (N=146) for
children (8—12 years) after TBI at the item, total and scale score level. Construct validity was analyzed using rank
correlations with the proxy-assessed Post-Concussion Symptoms Inventory (PCSI-P), the Patient Health Questionnaire
9 (PHQ-9), and the Generalized Anxiety Disorder Scale 7 (GAD-7). Furthermore, sensitivity testing was performed
concerning subjects’ sociodemographic and injury-related characteristics. Differential item functioning (DIF) was
analyzed to assess the comparability of RPQ proxy ratings for children with those for adolescents.

Results Good internal consistency was demonstrated regarding Cronbach’s a (0.81—0.90) and McDonald’s w
(0.84—0.92). The factorial validity of a three-factor model was superior to the original one-factor model. Proxy ratings
of the RPQ total and scale scores were strongly correlated with the PCSI-P (@ = 0.50—0.69), as well as moderately to
strongly correlated with the PHQ-9 (@ = 0.49—0.65) and the GAD-7 (@ = 0.44—0.64). The DIF analysis revealed no
relevant differences between the child and adolescent proxy versions.

Conclusions The German RPQ proxy is a psychometrically reliable and valid instrument for assessing PCS in children
after TBI. Therefore, RPQ self- and proxy-ratings can be used to assess PCS in childhood as well as along the lifespan of
an individual after TBI.
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Introduction

Pediatric traumatic brain injury (pTBI) is a significant
cause of death and disability in children and adolescents
worldwide [1]. Incidence rates of 47 to 280 per 100.000
individuals have been reported for pITBI (mean age 3.2—
10.4 years), with rates varying between countries [2]. The
most common causes of TBI in children (5—14 years)
include falls and sports or recreational accidents [3].

Individuals after pTBI often experience symptoms such
as headaches, fatigue, dizziness, and slowed thinking in
the acute injury phase, and sleep disturbance, frustra-
tion and forgetfulness in the post-acute phase [4]. These
symptoms can be collectively referred to as post-con-
cussion symptoms (PCS). While post-concussion-like
(PC-like) symptoms are also observed in children and
adolescents from general populations [5], somatic PCS
in particular are more common [6] and more chronic
[7] after pTBL. In the majority of pTBI cases, PCS resolve
within the first two weeks [8], but a subgroup of individu-
als (16%) experiences moderately or highly persistent
PCS [9]. The emergence of PCS after pTBI is associ-
ated with several sociodemographic, premorbid, famil-
ial [10], and cognitive [11] factors. A systematic review
[12] found that the risk of persistent PCS was elevated in
children and adolescents (2—18 years) who were older,
who initially experienced loss of consciousness, head-
aches, nausea/vomiting or dizziness, or who had premor-
bid conditions (e.g., previous TBI, learning difficulties,
behavioral issues). Validated assessment instruments are
essential in order to quantify PCS adequately.

In pediatric settings, outcomes can be assessed either
using patient-reported outcome measures (PROM) or
their proxy versions, completed by parents or caregivers.
PROMs such as the Rivermead Post-Concussion Ques-
tionnaire (RPQ) [13], are regularly used in research and
in the clinical screening of PCS. The RPQ assesses an
individual’s experience of 16 PCS in the physical, cogni-
tive, and behavioral domains (i.e., headaches, dizziness,
nausea and/or vomiting, noise sensitivity, sleep distur-
bance, fatigue, irritability, depression, frustration, for-
getfulness and poor memory, poor concentration, slow
thinking, blurred vision, light sensitivity, double vision,
and restlessness). Previous validation studies of the RPQ
in adult populations have reported good to excellent
test—retest reliability (r, = 0.90) [13], split-half reliability
(r=0.82 to r=0.95) and internal consistency (Cronbach’s
a: 0.89 to 0.93) [14], and indicated moderate to high
convergent validity and good discriminant validity [14].
Excellent psychometric properties have been reported for
multiple translations of the RPQ, including the German

version [14, 15]. This makes the RPQ particularly suitable
for use in international research and practice.

In the field of pTBI, the English RPQ has most fre-
quently been used in samples of concussed adolescent
and young adult athletes (14—20 years) [16]. No sys-
tematic psychometric validation of the RPQ for pre-
teen children has been presented to date. In one of the
first studies to focus on children and adolescents (12%3
years), Gagnon and colleagues [17] reported good con-
current validity of the RPQ with regard to clinical group
differences between concussed and non-concussed indi-
viduals. No further information was provided on other
psychometric properties. In a recent study by our group
[18], we found evidence for the sensitivity of several
outcome measures, including the RPQ, across sociode-
mographic (i.e., sex, age, education), premorbid (psycho-
logical health status), and injury-related (i.e., clinical care
pathways, TBI and extracranial injury severity) factors in
individuals after TBI. The RPQ was included in the Com-
mon Data Elements (CDE) [19] recommendations as a
supplementary instrument for adults. However, it has
repeatedly been used in pediatric settings [20, 21], calling
for further validation.

For assessing PCS following pTBI, the CDE recommen-
dations suggest instead the use of the Post-Concussion
Symptom Inventory (PCSI) [22]. This instrument, origi-
nally developed in English, is available as a validated self-
report and proxy version (PCSI-P) that can be applied to
children aged 5—17 years [23]. The PCSI and the RPQ
are comparable in terms of item content. It should be
noted that separate age-adapted forms of the PCSI are
used to assess PCS before and after pTBI, whereas the
RPQ can be used to assess both aspects in one version.

Proxy ratings are often used to assess children’s men-
tal health problems after pIBI (e.g., 24), offering an
additional perspective on the effects of the injury and
subsequent therapeutic interventions. Proxy-assessed
versions of the RPQ have been evaluated in pediatric
samples (4—17 years) in English [24] and, most recently,
specifically in adolescents after pTBI in German [25].
The evaluation of the German RPQ proxy version in
pre-adolescent children would be unique in improv-
ing the longitudinal assessment of PCS across the lifes-
pan of patients using the same instrument. Proxies tend
to report lower rates of impairment with regard to PCS
and PC-like symptoms [26], resulting in only moderate
parent-child concordance [23]. The relatively low con-
gruence between self and proxy ratings and the position
of children as experts on their own subjective health
status underline the general importance of self-reported
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PROMs. However, proxies can provide useful additional
information in cases where the children are unable to
respond for themselves or where their awareness is too
severely impaired for a reliable self-report. A systematic
evaluation of the German RPQ proxy for children may
consolidate the validity and utility of the RPQ as a tool
for assessing PCS after pTBI. Since German is the most
widely spoken language in the EU after English, the vali-
dation of a German version of the RPQ is relevant for a
large number of individuals.

The present study therefore aims to investigate the psy-
chometric properties of the proxy version of the German
RPQ for the assessment of PCS in accordance with the
COSMIN Taxonomy of Measurement Properties [27].
The age group analyzed was chosen to correspond to
the age groups considered in the PCSI instruments (i.e.,
PCSI-SR5: 5-7 years, PCSI-SR8: 8-12 years, and PCSI-
SR13: 13-18 years) [22]. In order to allow analyses to be
carried out for comparable age groups, we focused on
children aged 8-12 years. Results indicating acceptable
psychometric properties would suggest that the RPQ
proxy version can be used to reliably and validly assess
the presence and severity of PCS after pTBIL. A secondary
aim is to compare RPQ scores by children’s proxies with
the RPQ scores of adolescents’ proxies [25]. We expect
no significant differences in response behavior, indicat-
ing that RPQ proxy ratings can be applied for children as
well as for adolescents, thus underlining the utility of the
instrument in a clinical context.

Materials and methods

Study population

The current study is part of the Quality of Life after Brain
Injury for Children and Adolescents (QOLIBRI-KID/
ADO) multicenter project to develop the first TBI-spe-
cific health-related quality of life questionnaire, which
was conducted at 12 medical centers in Germany from
January 2019 to January 2022. The retrospective, clini-
cal convenience sample for this study was recruited in
multiple steps. First, lists of patients were obtained from
recruiting centers, which contained information on pedi-
atric subjects who had received a diagnosis of TBI (ICD
code S06.*) in the past ten years. Next, individuals were
invited if they met the following inclusion criteria: age
8—17 years, diagnosis of TBI (three months to ten years
prior to study enrollment), availability of information on
TBI severity (based on either the Glasgow Coma Scale
(GCS) [28] or clinical records), and the ability to compre-
hend and complete the study assessment. The exclusion
criteria were a diagnosis of epilepsy or severe mental ill-
ness prior to TBI, very severe polytrauma, and diseases
leading to death. Finally, written informed consent was
obtained from parents or legal guardians and online or
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in-person assessments were scheduled at the respective
centers.

More than 5000 families were contacted to participate
in the QOLIBRI-KID/ADO study. In the end, a total of
300 participants (8—12 years: n=152; 13—17 vyears:
n=148) were interviewed either online (8—12 vyears:
n=39; 13—17 years: n=37) or in person (8—12 years:
n=113; 13—17 vyears: n=111). Although the overall
response rate was relatively low (7%), the sample size was
appropriate for the main analyses based on a priori sam-
ple size estimates (i.e., at least 140 participants and their
proxies per age group) [29]. Proxy ratings were obtained
from parents and caregivers using paper-pencil ques-
tionnaires (8—12 years: n=146; 13—17 years: n=147).
The psychometric evaluation of the RPQ in the adoles-
cent subsample can be found elsewhere [25]. The current
study focuses on the proxy ratings of the German RPQ
obtained from the parents of children after pTBI aged
8—12 years. Based on the findings from adult research
using the RPQ [30-32] and knowing that individuals
after moderate to severe TBI may also experience similar
so-called post-concussion-like symptoms [13, 33], cases
across the entire TBI severity spectrum were included in
the current study. Figure 1 provides an overview of sam-
ple attrition.

Sociodemographic and injury-related data
Sociodemographic and clinical data were collected
either from parent reports or from medical records. The
sociodemographic characteristics comprised the gender
and age of the children and their proxies.

The clinical information included TBI severity, clas-
sified as mild, moderate, or severe; time since injury in
years; and the presence of lesions observable on neuro-
imaging scans (none vs. at least one lesion in CT or MRI).
The Kings Outcome Scale for Childhood Head Injury
(KOSCHI) [34] was used to classify the functional recov-
ery after pTBI at baseline as 3a = ‘lower severe disability,
3b = ‘upper severe disability, 4a = ‘lower moderate dis-
ability; 4b = ‘upper moderate disability, 5a = ‘good recov-
ery, and 5b = ‘full recovery’

Patient-reported outcome measures (PROMs)

Rivermead post-concussion symptoms questionnaire (RPQ)
The RPQ [13] is a PROM that rates the presence and
severity of 16 PCS in comparison to the individual’s con-
dition before the TBI on a five-point Likert-type scale (0
= ‘not experienced at all, 1 = ‘no more of a problem than
before, 2 = ‘a mild problem; 3 = ‘a moderate problem, and
4 = ‘severe problem’). The total score is computed as the
sum of all individual item ratings above ‘1’ (i.e., higher
impairment after compared to before the TBI). It ranges
from 0 (no increased impairment) to 64 (most pro-
nounced difficulties) with a clinical screening cut-off at
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A 4
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Proxy (n = 146)
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Proxy (n = 146)

GAD-7
Proxy (n = 146)

PHQ-9

Fig. 1 Sample attrition diagram

12 [35]. The present study used the proxy version of the
German RPQ, which was developed and validated in ado-
lescents after TBI [24]. The adjustments made to the RPQ
for proxy assessment included changing the wording in
the instruction from “Do you suffer from..” to “Does
your child suffer from..” In cases of missing values on
one to four RPQ items, imputation by prorating the scale
mean was applied. Individuals with five or more missing
values were excluded from further analyses.

Post-concussion symptom inventory (PCSI)

The PCSI [22, 23] can be administered to report the sub-
jective experience of PCS relative to before the TBI. The
current study used the proxy form of the PCSI (i.e., PCSI-
P) [23] which comprises 21 items assessing PCS as well
as the individual’s overall health condition. The PCSI-P
is rated on a seven-point Likert-type scale (from 0 = ‘not
a problem’ to 6 = ‘severe problem’). Ratings can be sum-
marized in the form of a total score which ranges from 0
to 132, as well as separate cognitive, emotional, somatic,
and fatigue scales, with higher values indicating a higher
symptom burden. Previous research [23] has adminis-
tered the English PCSI-P in children and adolescents
(5—18 years) and reported good to excellent internal con-
sistency of the total score (Cronbach’s a=0.94) and its
scales (Cronbach’s a: 0.83-0.92), as well as evidence for
good convergent validity, good predictive validity, and
fair factorial validity. In the present study, only the post
version (i.e., assessing symptoms after injury) was used.

A detailed description of the translation process of the
German PCSI can be found elsewhere [36].

Patient health questionnaire 9 (PHQ-9)

The PHQ-9 [37] comprises nine symptoms of major
depression. Impairment is rated on a four-point Lik-
ert scale (from 0 = ‘not bothered at all’ to 3 = ‘bothered
nearly every day’). Total scores range from 0 to 27, with
higher values indicating more severe depression symp-
toms. Values from 1 to 4 represent minimal depression,
and scores equal to or greater than 5, 10, or 15 indicate
mild, moderate, or severe depression, respectively [37,
38]. A recent study administered the English PHQ-9
proxy for children and adolescents after mild TBI and
reported preliminary evidence of good internal consis-
tency (Cronbach’s a: 0.78-0.83) [39]. Moreover, a recent
study using a modified version of the PHQ-9 proxy in
English-speaking older adults (75.3+7.0 years) reported
good internal consistency (Cronbach’s a: 0.83) and excel-
lent test-retest reliability (r, = 0.92) [40]. The PHQ-9 had
previously been translated into German and validated
in individuals after TBI [14]. The present study used a
proxy-adapted version of the German PHQ-9 which dif-
fered from the self-reported version solely regarding the
wording in the introductory instructions (i.e., “..how
often have you been bothered by..” vs. “...how often has
your child been bothered by..”).
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Generalized anxiety disorder scale 7 (GAD-7)

The GAD-7 [41] assesses seven symptoms associated
with generalized anxiety disorder. Impairment is rated on
a four-point Likert scale (from 0 = ‘not bothered at all’ to
3 = ‘bothered nearly every day’). Total scores range from
0 to 21, with higher values indicating more severe anxi-
ety symptoms and scores above 5, 10, or 15 represent-
ing mild, moderate, or severe impairment, respectively
[41]. Previous studies in pTBI samples have focused on
the GAD-7 self-report for assessing anxiety, e.g., [42].
With regard to proxy assessments, a recent study used
the GAD-7 proxy in a sample of English-speaking older
adults (75.317.0 years) and reported good internal con-
sistency (Cronbach’s a: 0.87) and test-retest reliability (r,
= 0.74) [40]. The GAD-7 had previously been translated
into German and validated in individuals after TBI [14].
The present study used a proxy-adapted version of the
German GAD-7 which differed from the self-reported
version solely regarding the wording in the introduc-
tory instructions (i.e., “...how often have you been both-
ered by..” vs. “...how often has your child been bothered

by..”).

Statistical analyses

Descriptive analyses were conducted for sociodemo-
graphic characteristics, injury-related information and
PROM data. Reliability and wvalidity analyses at the
item and scale level were carried out for outcome data
obtained using the proxy version of the German RPQ.

Item characteristics

We calculated the absolute (n) and relative frequencies
(%) of missing values, means (M), and standard devia-
tions (SD). Moreover, skewness (SK) and kurtosis (KU)
were computed, with values between —2 and +2 con-
sidered acceptable [43]. Proxies’ response behavior was
evaluated for each item using the distribution (n and %)
of responses. Floor or ceiling effects were considered to
exist when more than 15% of the responses were assigned
to the lowest or highest response categories, respec-
tively [44]. A Shapiro-Wilk normality test was performed
to test the distribution of the total and scale scores for
normality.

Reliability

The reliability of the RPQ was analyzed based on Cron-
bach’s a and McDonalds w. Values from 0.70 to 0.95
(Cronbach’s o) and above 0.80 (McDonald’s w) indicated
good to excellent internal consistency [44]. In addition,
changes in Cronbach’s a after omitting individual items
were computed. Results that exceed the initial « would
indicate a higher consistency of the scale without the item
in question. Corrected item-total correlations (CITC)
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indicated the association between individual items and
the scale scores, with r>0.30 considered acceptable [45].

Factorial validity

The factor structure of the RPQ was originally proposed
to be unidimensional [13], however this conceptualiza-
tion has frequently been challenged [30]. An alterna-
tive three-factor model including cognitive, emotional,
and somatic scales has been found to have a superior fit
in adolescents [25] and adults [30]. We therefore exam-
ined the fit of the original one-factor model as well as
the three-factor model. For this purpose, a confirma-
tory factor analysis (CFA) was conducted with a robust
weighted least-squares estimator (WLSMV) [46] for
ordinal data. In cases of a limited use of the response cat-
egories in individual items, the response categories were
collapsed to enable robust model estimations. The factor
models were considered to have a good fit if the follow-
ing cut-off criteria were met in the respective indices (see
parentheses): Comparative Fit Index (CFI1>0.95), Tucker-
Lewis-Index (TLI>0.95), standardized root mean square
residual (SRMR<0.08), and root mean square error of
approximation with 90% confidence interval (RMSEA
[CI90%]; mediocre fit at 0.10, excellent fit at 0.05) [47].
Furthermore, the ratio of chi-square to degrees of free-
dom (df) served as a measure of goodness-of-fit and
values<2 indicated a good fit [48]. Scaled statistics are
reported for all indices except SRMR. All indices were
considered simultaneously based on findings indicating
that the cut-offs provided should be treated with caution
in model estimations using categorical data [49].

Validity

The analyses of construct validity were based on the con-
vergence of the RPQ proxy with the PCSI-P. Compari-
sons with the proxy-rated GAD-7 and the PHQ-9 were
used to assess convergent and discriminant validity. We
also tested hypotheses regarding emotional symptoms
and sociodemographic and clinical indicators.

To account for the non-normal distribution of the
outcome data, correlational analyses were performed
between the RPQ proxy and the PCSI-P total data, as well
as scale scores using Spearman’s Q. Cohen’s conventions
were applied to describe the effect size of the respec-
tive correlation coefficients as weak (]0.10| < ¢ < |0.30]),
moderate (0.30 < || < 0.50), or strong (@ = |0.50]) [45].
We expected strong positive correlations between the
RPQ proxy and PCSI-P scores (i.e., @ = 0.50) which would
indicate that both measures assess the same underlying
construct.

Convergent and discriminant validity were also
assessed using rank correlations between proxy-assessed
RPQ total and scale scores and proxy-rated anxiety
(GAD-7) and depression (PHQ-9). Correlations between
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the RPQ total score and emotional scale against the
GAD-7 and PHQ-9 total scores were expected to be
positive and at least moderate (i.e., @ = 0.30), indicating
adequate convergent validity. The discriminant validity of
the somatic and cognitive scales with anxiety and depres-
sion was considered acceptable for small correlations (g
< 0.30).

To further investigate construct validity, we tested a
number of hypotheses with regard to gender, TBI sever-
ity and functional recovery with the RPQ proxy data. We
expected higher RPQ values in girls compared to boys
[50], in children suffering from moderate-severe TBI as
compared to mild TBI [51], and in individuals who had
not fully recovered (KOSCHI<5b) after TBI [52]. With
regard to different levels of anxiety and depression (i.e.,
no or minimal symptom burden: 0—4 vs. at least mild
symptom burden: >5), higher RPQ values were hypoth-
esized to be associated with more severe emotional dis-
tress [53]. Finally, we tested whether the RPQ scores of
participants with parent-reported sensory, cognitive,
and/or physical post-TBI problems (i.e., problems with
taste, hearing, vision, speech and language, learning,
extremities and movement, or seizures) differed signifi-
cantly from those whose parents reported no such health

Table 1 Sociodemographic and injury-related characteristics of
the study population

Variable Group/Values Children Proxies
(n=152) (n=152)

Gendert Female 58 (38%) 116 (76%)

Male 94 (62%) 30 (20%)

Missing 0 (0%) 6 (4%)
Age M (SD) 10.63 (1.40) 44,62 (5.15)

Min-Max 8.00-12.92 32.00-55.00
TBI severityt  Mild 106 (70%) —

Moderate 16 (11%) —

Severe 30 (20%) —
Number of No lesions 108 (71%) —
suspected At least one lesion 43 (28%) —
lesionst Missing 1(1%) —
Years since <1 4 (3%) —
injuryt 1-<2 24 (16%) —

2-<4 45 (30%) —

4-10 79 (52%) —
KOSCHI 3a (lower severe 0 (0%) —
Scoret disability)

3b 1(1%) —

4a 3 (2%) —

4b 4 (3%) —

5a 15 (10%) —

5b (full recovery) 129 (85%) —

1 For categorical variables, absolute (n) and relative (%) frequencies are
reported.

TBI=traumatic brain injury, KOSCHI=Kings Outcome Scale for Childhood Head
Injury, M=mean, SD=standard deviation, Min=minimum, Max=maximum.
Percentages may not sum up to 100% due to rounding.
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conditions. All hypothesis tests were based on nonpara-
metric Mann—Whitney U-tests for independent data.
The effect size in the groups comparisons was estimated
using Cliff’s § with the following cut-offs: & < |0.28|
(small), 0.28 < |8| < 0.43 (medium), and & > |0.43| (large)
[54].

Differential item functioning

We further investigated the RPQ by comparing the
response behavior of children’s proxies with that of ado-
lescents’ proxies. Analyses of differential item function-
ing (DIF) employing logistic ordinal regression (LORDIF)
[55] were used to detect meaningful deviations in
response behavior. The RPQ proxy data for children was
combined with previously reported RPQ proxy data of
adolescents [25]. The combined data set was then used
to calculate two regression models. In these, individual
symptom ratings served as outcome variables alongside
the following potential predictors: [1] scale mean, [2]
scale mean, age group (children vs. adolescents), age-
group/scale-mean interaction. Both models were com-
pared by means of chi-square tests, where deviations
were considered meaningful if the differences were sta-
tistically significant (p<0.01) as well as if at least a very
small effect (i.e., McFadden’s Pseudo R* > 0.05) [56] was
detected.

The analyses were conducted in R (version 4.1.0) [57]
using the packages lavaan [58], psych [59], and lordif [60].
The significance level was set at 5% for all analyses unless
otherwise noted. For multiple comparisons of the RPQ
scale scores, the significance level was adjusted using the
Bonferroni correction.

Results

Sample characteristics

Table 1 displays the characteristics of the sample. The
sample consisted mostly of boys (61%) and the average
age was 10.63+1.40 years. The majority of children sus-
tained a mild pTBI (70%) two to ten years before study
enrollment (82%), had no brain lesions (71%), and had
fully recovered (KOSCHI score 5b; 85%) at the time of
assessment. The proxies were most often mothers (76%)
and had a mean age of 44.62+5.15 years.

Overall, the total scores of the RPQ proxy reports (as
well as in the PCSI-P) indicated the experience of mild
PCS. More specifically, the average RPQ scale scores
ranged between 1.54 and 2.75 and the average PCSI-
P scale scores between 1.17 and 3.35. According to the
rating scales, these values correspond to the experience
of moderate problems in both the RPQ and the PCSI-
P. In addition, the average proxy scores on the PHQ-9
(M=3.93, SD=3.36) and the GAD-7 (M=3.56, SD=3.08)
indicated mild impairment. Most proxies reported no to
minimal depression (67%) and anxiety (66%), respectively.
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Table 2 Descriptive statistics of the total and scales scores of the proxy-rated psychopathological instruments
Scale n M sD Mdn w
RPQ proxy Cognitive 146 1.54 2.80 0 0.62
Somatic 146 2.75 4.59 0 0.65
Emotional 146 225 343 0 0.70
Total score 146 6.54 941 2 0.73
PCSI-P Cognitive 124 281 441 1 0.68
Physical 124 335 527 1 0.68
Emotional 124 3.15 392 2 0.79
Fatigue 123 117 2.76 0 0.50
Total score 123 10.54 14.55 5 0.73
PHQ-9 proxy Total score 146 393 3.36 3 0.89
GAD-7 proxy Total score 146 3.56 3.08 3 0.90

n=number of observations, \/=mean, SD=standard deviation, Mdn=median, W=Shapiro-Wilk normality test statistic, RPQ=Rivermead Post-Concussion Symptoms
Questionnaire, PCSI-P=Post-Concussion Symptom Inventory Proxy Version, GAD-7=Generalized Anxiety Disorder Scale 7, PHQ-9=Patient Health Questionnaire 9.

Values in bold indicate significant deviation from normality (p<0.001).

Table 3 Reliability coefficients of the RPQ proxy version

RPQ Scale Cronbach’s a awhen McDonald’s w CITC Correlations
item omitted Range
(1) (2) (3)
(1) Cognitive 0.87 0.80-0.84 0.88 0.79-0.83 1 - -
(2) Somatic 0.81 0.76-0.80 0.84 0.46-0.73 0.60 1 -
(3) Emotional 0.83 0.72-0.83 0.86 0.60-0.89 0.67 0.68 1
(4) Total 0.90 0.89-0.90 0.92 0.36-0.78 0.77 0.89 0.85

CITC=Corrected Item-Total Correlation. Values in bold indicate at least satisfactory Cronbach’s a (i.e., ¢>0.70) and McDonald’s w (i.e., w>0.80) or at least moderate

Spearman correlation coefficients (i.e., r>0.30)

Table 4 Fit indices and model comparisons of the one- and three-factor models for the RPQ proxy

Confirmatory Factor Analyses

Model Comparison

Model X2 df x2/df p CFI TLI RMSEA Cl190% SRMR Ax2 (Adf) p
One-factor 22512 104 2.16 <0.001 0.96 0.95 0.09 [0.07,0.11] 0.12 - -
Three-factor 149.30 101 1.48 0.001 0.98 0.98 0.06 [0.04, 0.08] 0.10 5144 3] <0.001

x2=scaled chi-square value, df=scaled degree of freedom, y2/df=ratio (cut-off: < 2), p = scaled p-value, CFI=scaled Comparative Fit Index (cut-off: >0.95), TLI=scaled
Tucker-Lewis Index (cut-off: > 0.95), RMSEA =scaled root mean square error of approximation (cut-off: < 0.08) with 90% confidence interval (Cl), SRMR=standardized
root mean square (cut-off: < 0.08), Ay2=chi-square value of the difference test, Adf=degrees of freedom of the difference test. Values in bold indicate at least
satisfactory model fit according to the respective cut-offs, values in italics are significant at 5%.

The Shapiro-Wilk tests revealed significantly non-normal
distributions in the total score and all scale scores. For an
overview of the mean scores on the psychopathological
instruments observed in the current study, see Table 2.

Item characteristics

The RPQ items averaged M=0.61, SD=0.92, SK=1.93,
KU=4.17 with less than 5% missing values. The items dis-
played a right-skewed distribution with all items yielding
floor (M=61%) rather than ceiling (M=2%) effects (see
Additional file 1, Table S1).

Reliability

The internal consistency of the RPQ total score as well as
all three scales was good to excellent according to Cron-
bach’s a and McDonald’s , with values ranging from 0.81
(Somatic scale) to 0.90 (Total score) and 0.84 (Somatic
scale) to 0.92 (Total score), respectively. No item was

found to increase a scale’s a when it was omitted. CITCs
indicated at least moderate correlations in the total score
as well as across all scales (see Table 3).

Factorial validity

A preliminary inspection of the data revealed that prox-
ies rarely used response category 4 (‘severe problem),
particularly for the item ‘Double Vision! Consequently,
the response categories 3 (‘moderate problem’) and 4
(‘severe problem’) were collapsed for the subsequent
analyses. The CFA showed a better fit for the three-factor
model compared with the one-factor model, as indicated
by more fit indices being above the respective proposed
cut-off values (Tables 4 — bold entries). Statistical model
comparisons indicated a better fit of the three-factor
model for the given data (Tables 4 — right part ‘Model
comparison’). Consequently, all further analyses were
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conducted for the conventional one-factor model as well
as the three-factor model.

Validity

Table 5 shows the correlations of the RPQ total and scale
scores with (a) the PCSI-P total and scale scores, (b) the
proxy-assessed PHQ-9 total score, and (c) the proxy-
assessed GAD-7 total score. As expected, the RPQ and
PCSI total scores and the corresponding scale scores
displayed strong positive correlations (i.e., @ = 0.50). The
PCSI-P fatigue scale was moderately correlated with the
RPQ cognitive (@ = 0.38) and emotional (g = 0.37) scales,
and strongly correlated with the RPQ somatic scale (@ =
0.52) and the RPQ total score (9 =0.51).

The correlations of the RPQ total score with the PHQ-9
and the GAD-7 total scores were strong and positive
(i.e, @ 2 0.50). In particular, the RPQ emotional scale
was highly correlated with the PHQ total score (g = 0.60)
and the GAD-7 total score (@ = 0.64). On the other hand,
the RPQ cognitive scale was only moderately correlated
with the PHQ-9 (o = 0.49) and GAD-7 (g = 0.46) total
scores. Interestingly, whereas the RPQ somatic scale was
strongly correlated with the PHQ-9 total score (¢ = 0.57),
its association with the GAD-7 total score was moderate
(0=0.44).

Differential item functioning

Differences in the response behavior of children’s proxies
and adolescents’ proxies in the RPQ were only observed
for one item (‘Forgetfulness, Poor Memory’) as indi-
cated by significant differences between regression mod-
els (p=0.007). However, this observed difference did
not meet the criterion for an at least very small effect
(McFadden R?=0.013) and was thus not considered a
practically relevant difference (see Additional file 1, Table
S3).

Discussion

The current study focused on evaluating the psychomet-
ric properties of the proxy version of the German RPQ
for children aged 8-12 years after pTBL In addition, we
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compared the RPQ ratings from children’s proxy assess-
ments with those of adolescents’ proxy assessments in
order to examine whether the RPQ proxy can be used
longitudinally.

We found evidence for good to excellent psychometric
properties of the German RPQ proxy as a reliable and
valid assessment instrument for PCS after pTBI. Our
results underline the sensitivity and clinical utility of the
RPQ in identifying differences between individuals with
respect to TBI severity and functional recovery status,
as well as symptoms of depression and anxiety. Further-
more, the RPQ proxy is a valid tool for the assessment
of PCS in children, where needed, just as in adolescents
[25]. Summarizing the current findings, together with
previous research, we can conclude that RPQ self-reports
and proxy ratings can be used as measures of PCS in TBI-
affected individuals of various ages and throughout the
patient’s life, beginning in childhood (=8 years), through
adolescence [25], up to adulthood [13, 14].

Overall, the study population experienced mild PCS,
as indicated by RPQ proxy and PCSI-P ratings. RPQ
proxy ratings were substantially skewed to the right for
all items, with pronounced floor effects. The RPQ total
score, as well as the cognitive, emotional, and somatic
scales, displayed good to excellent internal consistency.
In terms of the item-level analyses, we found high con-
sistencies across the total score and scales as indicated
by the CITC. The value for one item (Blurred Vision)
was close to the cut-off. Interestingly, previous factor
analytic research has found evidence for the presence of
a ‘vision-related’ factor in self-reported RPQ data [61].
When the item ‘Blurred Vision’ is combined with related
symptoms (e.g., ‘Double Vision, ‘Light Sensitivity’), evi-
dence for the ‘vision-related’ factor is most pronounced
in adults after mild TBI [62] and in the acute phases after
TBI [63]. Most children had experienced a pTBI several
years before study enrollment. The experience of ‘Blurred
Vision’ in pediatric samples should therefore be further
investigated, particularly in relation to a ‘vision-related’
factor and its relevance in proxy ratings.

Table 5 Spearman correlations between the RPQ proxy with the PCSI-P, and the PHQ-9 and GAD-7 proxies

PCSI-P
RPQ Proxy Physical Emotional Cognitive Fatigue Total PHQ-9 Proxy GAD-7 Proxy
Cognitive 0.52 0.53 0.65 0.38 0.60 0.49 046
Emotional 0.50 0.59 0.54 0.37 0.57 0.60 0.64
Somatic 0.64 0.55 0.54 0.52 0.64 0.57 044
Total 0.62 0.62 0.64 0.51 0.69 0.65 0.57

RPQ=Rivermead Post-Concussion Symptoms Questionnaire, PCSI-P=Post-Concussion Symptom Inventory Proxy Version, PHQ-9=Patient Health Questionnaire 9,
GAD-7=Generalized Anxiety Disorder Scale 7. The PCSI-P total score represents the aggregate of the Physical, Emotional, Cognitive, and Fatigue scales. Bold values

indicate high correlation coefficients (i.e., ¢ > 0.50).

Group comparisons showed that higher RPQ total and scale scores were associated with more severe TBI, incomplete recovery (i.e., KOSCHI score <5b), presence of
post-TBI sensory, cognitive, and/or physical problems, and the experience of pronounced symptoms of depression and anxiety. No significant differences in the RPQ
total and scale scores were observed between boys and girls (see Additional file 1, Table S2)
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The CFA results for the RPQ proxy data indicated an
acceptable fit for the conventional one-factor structure
and overall a superior fit for the previously proposed
alternative three-factor structure. This finding highlights
the importance of differentiating between cognitive,
somatic, and emotional PCS, also in proxy ratings after
pTBI. However, while most fit indices pointed towards a
good to excellent fit for the three-factor RPQ model, the
SRMR value failed to meet its cut-off criterion. Previous
research has found evidence suggesting that analyses of
data with high measurement quality (i.e. high item load-
ings) paradoxically tend to produce inflated SRMR val-
ues [64]. The current study focused on high quality data
obtained from a sample with an adequate, albeit rela-
tively small sample size (N=152 proxies) for this type of
analysis. Since indices such as the SRMR and RMSEA do
not require more stringent cut-off values with increas-
ing sample size [65], replication analyses on the factorial
validity of RPQ proxy ratings in larger data sets would
further improve the evidence provided by the current
study.

We found a strong correlation between proxy-reported
PCS and depression and anxiety. Particularly strong
positive associations were found between the RPQ emo-
tional scale and the PHQ-9, as well as the GAD-7 total
scores. It should be noted, however, that parent ratings
do not always correspond well with clinical interviews on
depression and anxiety in children and adolescents after
mild TBI [66]. While proxy ratings are commonly used
to assess children’s mental health status and neuropsy-
chiatric outcomes after pTBI, parent-child agreement for
PCS are modest, with children generally reporting more
severe symptoms [39]. In fact, research has suggested
that parents’ proxy ratings of persistent PCS after pTBI
were more strongly associated with parental stress than
with the severity of the children’s injuries [67]. Since RPQ
self-report assessments were found to have excellent
properties in adult [14, 15] and adolescent [25] popula-
tions, the use of RPQ self-reports with age-appropriate
item wordings for younger children should be preferred.
Overall, proxy versions of the RPQ and related PROMs
may be used as surrogates for self-reports or as an addi-
tional indicator for clinical treatment of neuropsychiatric
outcomes after pTBI Parents’ own well-being should also
be considered when using proxy ratings.

As investigated previously [25], analyses of DIF
between RPQ proxy ratings for children and adolescents
have revealed a significant but minimal difference for
one item (ie., ‘Forgetfulness, Poor Memory’). More spe-
cifically, proxies of adolescents indicated a more severe
impairment associated with this item than proxies of
children. However, due to its minimal effect, this differ-
ence was judged to be of no practical relevance. Overall,
we can conclude that the RPQ proxy can be administered
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for children just as for adolescents and that the resulting
RPQ scores are comparable.

Finally, group comparisons showed that, as expected,
differences in RPQ proxy ratings could be observed with
regard to TBI severity [51], recovery status [52] and the
presence of post-TBI sensory [68], cognitive [69], or
physical problems [70], as well as the experience of pro-
nounced depression and anxiety [53]. In contrast to
previous findings in the literature [50], no significant dif-
ference was observed with regard to gender. While previ-
ous research has reported differences in RPQ self-reports
in adults after mild TBI, these differences were most
prominent in females of child-bearing age [71]. Gender
differences in outcomes after pTBI seem to be driven
by multiple biological factors, including sex hormones,
steroid hormones and cellular activity, e.g. [72]. While
biological sex differences may play a role for the experi-
ence of PCS, their impact may be comparatively small
in pre-teen children and may therefore not be detected
by proxies. To further improve current clinical practice,
increased efforts should be made to enable a more thor-
ough assessment of neuropsychiatric outcomes after
pTBL including sex-specific biomarkers.

Strengths and limitations

We conducted the first systematic investigation of the
psychometric properties of the German RPQ proxy ver-
sion after pTBI. The results presented highlight the appli-
cability of the RPQ proxy as a valid tool for measuring
PCS in pTBI samples. As such, the study has a number
of strengths. The validation process adhered to most of
the methodological standards proposed in the COSMIN
checklist (ie., internal consistency, criterion validity,
structural validity, hypotheses testing) [27]. Importantly,
our study demonstrated high correlations between the
RPQ proxy ratings and the PCSI-P, the instrument rec-
ommended by the CDE for assessing PCS after pTBI. The
recruitment process was based on specific inclusion and
exclusion criteria for validation studies, e.g. [73]. , and
resulted in a pTBI sample which was suitable for a thor-
ough examination of psychometric quality. Furthermore,
we have provided evidence for the construct validity of
the original one-factor structure and the well-established
three-factor model. An added value of the current study
was the comparison of DIF between the current study
population, consisting of proxy ratings for children
after pTBI aged 8—12 years, and the recently published
[25] data of proxy ratings for adolescents after TBI aged
13—17 years. Overall, the results of these DIF analyses
show that the RPQ proxy can be used to rate PCS in both
children and adolescents. Thus, the evaluation of TBI-
affected populations at different ages or over the course
of an individual’s recovery from a lifespan perspective is
to be encouraged.
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However, the current study also has some limitations.
First, less than 10% of the families that received an invita-
tion took part in the QOLIBRI-KID/ADO study. There-
fore, a potential sample bias in the presented data cannot
be ruled out. We observed that parents were unwilling
to participate in the QOLIBRI-KID/ADO study if their
child had sustained a severe pTBI with serious negative
consequences because of the risk of re-traumatization,
or if their child did not experience any symptoms after
PTBIL, because the parents felt that participation would
not be beneficial either to the study or to their child. The
resulting lack of variance in pTBI severity may some-
what limit our findings on the psychometric properties
of the RPQ proxy version. Second, the study population
was relatively small and heterogeneous with regard to
sociodemographic (e.g., gender) and injury-related (e.g.,
TBI severity, number of lesions) characteristics. None-
theless, a priori sample size estimations suggested that
our study had sufficient power to detect relevant effects,
allowing us to draw robust conclusions about the psycho-
metric quality of the RPQ proxy after pTBI. The effect of
potential factors influencing the RPQ scores (e.g., func-
tional recovery, time since injury) remains to be studied
using larger pTBI samples. Moreover, construct validity
analyses revealed correlations between the PHQ-9 and
GAD-7 scores and the cognitive and somatic scales of
the RPQ proxy. Future studies might focus on different
candidate constructs to assess divergent validity, such as
communication behavior [74]. The RPQ proxy ratings
were most frequently provided by mothers (76%), which
is commonly the case for health-related proxy ratings
[75]. To date, gender effects in proxy ratings have rarely
been investigated, with one experimental study reporting
that fathers tended to more accurate judges of children’s
pain experience than mothers [76]. Further research
should therefore assess the accuracy of proxy ratings
compared with self-reports for assessing PCS, particu-
larly after pTBI, and investigate the determinants of
accurate assessments. Moreover, most children (82%) in
the current sample had experienced a pTBI between two
and ten years before study enrollment. Consequently, the
validity of RPQ proxy ratings in acute phases after TBI
remains to be examined in more depth. In addition, the
current study was not able to provide further validation
of the previously proposed cut-off values for clinically
relevant RPQ scores in the field of pTBI [35]. Further
research is therefore needed to provide robust conclu-
sions on how to capture symptom burden after pTBI.
Finally, as discussed above, although the CFA results sup-
ported the three-factor model based on the goodness-of-
fit indices, further external validation is needed. A recent
study by our group [18] provides evidence for the sensi-
tivity of the RPQ, among other outcome measures, across
sociodemographic (i.e., sex, age, education), premorbid
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(psychological health status), and injury-related (i.e., clin-
ical care pathways, TBI and extracranial injury severity)
factors in individuals after TBI. Replicating the three-fac-
tor model using additional samples, including specifica-
tions for different group characteristics (i.e., multi-group
CFA), would provide further support for the stability of
the RPQ proxy scoring.

Future research should aim to establish reference val-
ues for a general, brain-healthy population for the RPQ
proxy in German as well as in other languages in order
to allow a better assessment of the clinical relevance of
symptom burden after pTBI [77]. Since the RPQ has
demonstrated clinical as well as research-related appli-
cability, the collection of reference values from healthy
samples will enable clinicians to identify individuals
who are severely impacted after TBI as targets for clini-
cal treatment. These reference values will also support
research into distinct predictors of symptom burden
after TBI. Consequently, the relationship between RPQ
proxy ratings and psychosocial and injury-related factors
should be studied in more detail. Candidate predictors of
somatic, cognitive, and emotional PCS (e.g., age, gender,
education) have been identified in adults [78] and could
play an integral role in the therapeutic and rehabilitative
process. Finally, systematic investigations of RPQ self-
reports after pTBI are scarce. Subjective ratings of PCS
should be preferred when assessing the reliability of the
RPQ proxy and can provide a useful source of informa-
tion for clinical practice.

Conclusions

The current study is the first to present a systematic psy-
chometric evaluation of the German RPQ proxy version
in children following pTBI. Our findings indicate good
to excellent psychometric properties for this instrument.
Moreover, we have provided evidence for the comparabil-
ity of RPQ proxy ratings in children and in adolescents.
The current work therefore adds to previous findings on
the validity of the RPQ in adolescents [25] and adults [14]
and underlines the clinical utility of the German RPQ
for assessing PCS across the lifespan of individuals after
TBI. Future research should further investigate the valid-
ity of RPQ proxy assessments in younger children (ie., <
8 years) and of RPQ self-reports in children aged 8—12
years. Moreover, RPQ proxy ratings should more often
be interpreted in the context of parental well-being. An
increase in the use of RPQ self-reports and proxy assess-
ments for cognitive, somatic, and emotional PCS may
inform clinicians about individuals in need of personal-
ized treatment (e.g., neuropsychological trainings, physi-
cal therapy, psychological counselling).
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