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A B S T R A C T

Background: Quality of life (QoL) is commonly affected in children and families living with traumatic

brain injury (TBI). Despite the established link between childhood TBI and reduced health-related QoL

(HRQoL), there is a dearth of longitudinal, prospective research to determine the prevalence and

predictors of impaired HRQoL in the very long term post-injury.

Objectives: We evaluated HRQoL in young adult survivors of paediatric TBI at 15 years post-injury. We

aimed to identify the prevalence of impaired HRQoL and the respective contribution of pre-injury,

environmental, injury-related, cognitive and mood-based factors to various dimensions of HRQoL at

15 years post-injury.

Methods: This prospective study involved 52 young adult survivors of mild to severe TBI included from

consecutive hospital admissions to the Royal Children’s Hospital between 1993 and 1997 who

underwent neuropsychological evaluation and completed self-reporting measures of HRQoL,

psychological functioning and social communication at 15 years post-injury.

Results: As compared with an age-matched Australian normative sample, the TBI group reported

significantly poorer physical HRQoL at 15 years post-injury. Although group differences in other HRQoL

domains did not reach statistical significance, 52% of the TBI group reported impaired functioning in at

least one HRQoL domain. Contrary to expectations, HRQoL was not associated with injury severity,

socioeconomic status, or pre-injury functioning. Instead, poorer HRQoL was linked to more severe

depression symptoms, greater perceived social communication difficulty and reduced cognitive

flexibility at 15 years post-injury.

Conclusions: A substantial proportion of young adult survivors of childhood TBI experience poor HRQoL

in at least one domain of functioning at 15 years post-injury. These findings suggest that, even in the very

long term post-injury, the identification and treatment of modifiable risk factors has potential to

improve very-long-term HRQoL outcomes in this vulnerable population.
�C 2019 Published by Elsevier Masson SAS.
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1. Introduction

Traumatic brain injury (TBI) is a common cause of childhood
death and disability and represents a significant, worldwide public
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health issue [1]. In the Australian context, recent estimates suggest
that 219 to 345 cases per 100,000 are reported annually [2]. These
injuries are often associated with a range of physical, emotional,
cognitive and social impairments, which may persist for many
years post-injury and contribute to reduced quality of life (QoL) for
children and their families [3–5].

Historically, studies of childhood TBI have relied heavily on
functional outcome measures intended to assess the nature and
extent of functional problems. These scales are best conceptualised
as indices of functional status, and as such, are limited in their
capacity to capture the child’s subjective experience of problems
ectives on health-related quality of life after paediatric traumatic
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d their perceptions of health and well-being [6]. More recently,
easures of health-related QoL (HRQoL) are being increasingly
corporated into studies of childhood TBI, [5] a trend that mirrors
broader healthcare shift toward recognising the child’s own
rspective as central to evaluating post-injury outcomes [6].
According to the World Health Organisation (WHO), QoL is

fined as ‘‘the individual’s perception of their position in life in
e context of the culture and value systems in which they live and

 relation to their goals, expectations, standards and concerns [7]’’.
cause QoL is a broad, over-arching construct that may be

fected by many factors, the concept of HRQoL has been developed
 reflect an individual’s perception of how illness and treatment
ctors influence various aspects of mental, social, and physical
ell-being [6].

As compared with studies of other childhood chronic health
nditions, research into HRQoL after childhood TBI has been

ited by small, cross-sectional, retrospective studies [5]. These
udies report poor HRQoL associated with severe childhood TBI
,4]. Other studies have identified universal HRQoL impairments,
gardless of injury severity [8]. Overall, despite the putative
sociation between childhood TBI and reduced HRQoL, longitu-
nal prospective research is lacking, and further studies are
eded to examine HRQoL and its correlates in the very long term
st-injury. Additionally, given the inconsistent links between

RQoL and TBI severity, further research is needed to identify
n-injury–related factors that contribute to poor HRQoL and can

 potentially modified via interventions to improve child
tcomes.
Childhood TBI has been linked to a range of physical, cognitive

d behavioural deficits that may contribute to poor subjective
alth and well-being [5]. TBI is commonly associated with both
cal and diffuse brain pathology, which has downstream
nsequences for maturation of large-scale neural networks
plicated in executive functioning, social cognition and prag-

atic communication [9]. Deficits in executive functioning (e.g.,
hibitory control, planning, cognitive flexibility) are evident
mediately post-injury and often persist into the long term

0], likely reflecting delayed or arrested development of skills
1]. Because executive functions are necessary to anticipate the
nsequences of specific actions and recognise when certain
haviours are appropriate in a certain social context, deficits in
ese domains are likely to negatively impact the quality of
terpersonal relationships, thereby contributing to a decline in
bjective health and well-being [12].
Social communication skills are also commonly disrupted by

ildhood TBI and have potential to further impact perceived
alth and functioning [13]. Deficits in social interaction are
rticularly common in the context of frontal or diffuse childhood
I [9,14] and may include difficulties in reading emotions from
n-verbal social cues, inferring beliefs and intentions of others,
nversational turn taking, and using language to meet changing
cial demands [15]. Although social communication impairments
ve been linked to reduced interpersonal effectiveness and
ychological difficulties in the chronic phase of injury, [14,16] the
tential contribution of these factors to HRQoL after childhood
I is not well understood.
Injury-related neurocognitive impairments may contribute to

or health outcomes; however, the double hazard theory [17]
sits that the effect of early brain injury interacts with the
esence of pre-existing vulnerabilities to heighten the risk of
favourable outcomes after TBI [18]. This theory would predict
at pre-injury environmental vulnerabilities (e.g., low socioeco-
mic status, parent mental health problems) and poor pre-injury
ild functioning (e.g., poor adaptive skills) contribute to poor
ng-term health outcomes, but the impact of these factors on
ry-long-term HRQoL outcomes has not been examined.
Please cite this article in press as: Ryan NP, et al. Young adults’ persp
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For personal use only. No other uses without permissio
The Heuristic Model of Social Competence in Brain Disorder
(HMSC) [12] provides a useful heuristic for conceptualizing how a
range of injury, child-related and non-injury factors might
interact dynamically and contribute to poor long-term function-
ing after childhood TBI. HMSC provides a useful framework to
apply to the study of HRQoL. In this model, injury-related
variables, including more severe injury and younger age of injury,
are conceptualized as risk factors that increase the likelihood of
poor long-term health outcomes. Additionally, pre-injury child
and family environmental vulnerabilities may interact dynami-
cally with injury factors to further exacerbate the risk of
unfavourable health outcomes [12]. This model also depicts
interrelationships between cognition and behaviour, such that
post-injury deficits in any aspect of social communication or
executive function contribute to impaired social adjustment and
reduced HRQoL [12]. Although this model receives empirical
support from studies of behavioural outcomes of childhood TBI,
[14] HMSC has yet to be empirically validated for predicting post-
injury HRQoL outcomes.

The objectives of the current investigation were to:

� evaluate HRQoL outcomes (including rates of impairment)
among young adult survivors of mild to severe child TBI;

� determine the respective contribution of pre-injury, environ-
mental, injury-related, cognitive and mood-related factors to
various dimensions of HRQoL at 15 years post-childhood TBI.

More specifically, guided by the HMSC model, we aimed to
examine the association of HRQoL to:

� pre-injury adaptive functioning;
� pre-injury socioeconomic status and family functioning;
� injury severity;
� executive functioning;
� pragmatic communication;
� depression symptom severity.

We hypothesized that as compared with an age-matched
Australian normative sample, young adult survivors of TBI would
report significantly poorer HRQoL at 15 years post-injury.
Furthermore, we hypothesized that poorer HRQoL would be
related to:

� worse pre-injury adaptive functioning;
� lower socio-economic status and poorer pre-injury family

functioning;
� more severe injury;
� poorer executive function, including reduced cognitive

flexibility;
� greater perceived social communication difficulty;
� greater depressive symptomology at 15 years post-injury.

2. Materials and Methods

2.1. Participants

This investigation forms part of a larger longitudinal
prospective study [11] examining long-term outcomes of
children with TBI and reports on the outcomes of this cohort
at 15 years post-injury. For the original study, children with TBI
were recruited through consecutive admissions to the Emer-
gency Department of the Royal Children’s Hospital between
1993 and 1997 [11]. Children were screened according to several
inclusion criteria [11]:
ectives on health-related quality of life after paediatric traumatic
019), https://doi.org/10.1016/j.rehab.2019.06.014bourne from ClinicalKey.com.au by Elsevier on August 11, 2019.
n. Copyright ©2019. Elsevier Inc. All rights reserved.
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� age 1-12 years;
� established medical diagnosis of TBI, including altered con-

sciousness;
� medical information available to determine TBI severity.

Children were excluded on the basis of previous closed
head injury, penetrating or non-accidental brain injury, and/or
pre-existing neurodevelopmental or acquired brain disorder.

The original study involved 172 children with a diagnosis of
TBI. At the 15-year follow-up, 66 participants were untraceable,
38 declined invitations, 2 had died, and 14 had incomplete
HRQoL data. Of the 2 participants who died, the cause of death
was suicide in one and the family did not disclose the cause of
death in the other. Therefore, the current study reports on the
outcomes of 52 young adult survivors of childhood TBI. High
rates of sample attrition are typical in longitudinal studies of TBI,
especially in young-age samples [18]. To identify potential
sample attrition bias, we compared participating and non-
participating groups at 15 years post-injury on a range of pre-
injury, demographic and injury characteristics that could
influence outcomes.‘

2.2. Measures

Medical, developmental, and family demographic information
was collected via parent questionnaires and a review of child
medical records conducted with local ethics approval. As
described in previous reports, [11] TBI severity was
established by the Glasgow Coma Score (GCS) [19] on admission
and the presence or absence of radiological and neurological
findings.

Using these metrics, participants were assigned to the following
TBI severity categories:

� mild TBI (n = 15): GCS 13–15, with no evidence of mass lesion on
clinical brain CT/MRI, and no neurological deficits;

� moderate TBI (n = 26): GCS 9–12, and/or presence of mass lesion
or other specific injury on clinical CT/MRI, and/or neurological
deficits;

� severe TBI (n = 11): GCS 3–8, and presence of mass lesion or
other specific injury on clinical CT/MRI and/or neurological
deficits.

2.3. Predictor variables

Pre-injury child functioning was assessed by the Vineland
Adaptive Behavior Scales (VABS), [20] a parent questionnaire
designed to assess a child’s level of adaptive functioning. During
initial recruitment into the study, parents were asked to
retrospectively rate their child’s pre-injury adaptive
function on the VABS. In this report, we used the Total Adaptive
Behavior score (mean 100 [SD] 15) as a measure of pre-injury
function.

Pre-injury family functioning was measured by the Family
Functioning Questionnaire (FFQ), [21] which uses parent ratings
of family behaviour on a scale from 1 (totally agree) to 6 (totally
disagree). The measure is used to derive a well-validated intimacy
score, a higher score denoting higher levels of family cohesion and
intimacy. The measure is reported to have good construct validity
and excellent internal consistency (Cronbach alpha = 0.92) [21].

Pre-injury socio-economic status was assessed by the Daniel’s
Scale of Occupational Prestige [22]. On this scale, parent occupa-
tions are converted to a position on a 7-point scale, a lower score
representing higher socio-economic status.
Please cite this article in press as: Ryan NP, et al. Young adults’ persp
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2.3.1. Ac Qute intellectual functioning

IQ was assessed by using one of the following measures
depending on the child’s age:

� Cognition subscale, Bayley Scales of Infant Development
(< 2.5 years);

� Full Scale IQ, Wechsler Preschool and Primary Scale of
Intelligence-Revised (2.5–6.5 years);

� Full Scale IQ, Wechsler Intelligence Scale for Children, Third
Edition (> 6.5 years).

All measures were standardised (mean 100 [SD] 15).

2.3.2. Executive functions

The Color-Word Interference Test (CWIT) from the Delis–Kaplan
Executive Function System (DKEFS) [23] was used to assess inhibitory
control and cognitive flexibility. Conditions 3 and 4 of the CWIT are
purported to measure cognitive inhibition and cognitive flexibility,
respectively. In Condition 3, the examinee is shown rows of words
printed in dissonant ink colors and asked to say the color of ink the
words are printed in and not read the words as quickly as possible. In
Condition 4, participants are provided a card that contains several
rows of words printed in dissonant ink colors. Importantly, a
proportion of the printed words are located within black rectangles.
In this task, the participant is required to conform to 2 separate task
rules. First, if the word is not contained within a black rectangle, the
participant is instructed to name the color of ink the words are printed
in. Second, if the word is contained within a black rectangle, the
participant is instructed to read the word instead of naming the color
of ink. The CWIT is a timed measure, such that the examinee is
required to complete the task as quickly as possible, moving from left
to right across the page. Standard scores (mean 10 [SD] 3) were used
in analyses.

2.3.3. Pragmatic communication

The Latrobe Communication Questionnaire (LCQ) [24] is a 30-item
self-reporting questionnaire that assesses perceived communication
difficulty across 4 core domains: quantity, quality, relation and
manner of everyday communication. Participants are required to rate
the frequency of each problem on a 4-point scale, ranging from 1
(‘‘never or rarely‘‘) to 4 (‘‘usually or always’’). Higher scores on the LCQ
denote more frequent communication difficulty. The LCQ has been
used extensively in studies of adult TBI and appears to be sensitive to
long-term difficulties in this population. Previous reports suggest that
the LCQ has excellent internal consistency (Cronbach alpha = 0.85),
and ratings display good stability over time (r = 0.76) [24]. The LCQ
has robust Australian normative data, collected from a sample of
147 healthy young adults aged 16 to 39 years [24]. Using the
recommended clinical cutoff score, [24] 23.5% of the current TBI
sample fell within the clinically significant range. Chi-square analysis
revealed no relation between the TBI severity group and the presence
of impairment on the LCQ (P = 0.196).

2.3.4. Depression symptoms

The General Health Questionnaire (GHQ) [25] is a 28-item self-
reporting inventory that assesses psychological distress across
4 dimensions:

� depression symptoms;
� anxiety;
� social dysfunction;
� somatic symptoms.

Respondents rate each item on a scale of 1 to 4, with 4 indicating
higher levels of psychological distress. The current study used the
depression scale as an index of depression symptom severity.
ectives on health-related quality of life after paediatric traumatic
19), https://doi.org/10.1016/j.rehab.2019.06.014ne from ClinicalKey.com.au by Elsevier on August 11, 2019.
opyright ©2019. Elsevier Inc. All rights reserved.
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4. Primary outcome

HRQoL was assessed at 15 years post-injury by using the
HOQOL-BREF-Australian version [26]. The WHOQOL-BREF is a
-item version of the original instrument (WHOQOL-100) and
sesses perceived functioning across 4 HRQoL domains:
ysical health, social relationships, psychological health, and
vironment. Individual items are rated on a 5-point Likert-
ale, with each question designed to probe the respondent’s
rceived satisfaction with various aspects of their life
7]. Items are added for a total score for each domain, with
aximum of 100. The physical health scale includes items
lating to mobility, sleep quality and energy levels, the impact

 pain on everyday performance,  perceived level of reliance on
edical treatment to function in everyday activities, and
tisfaction with working capacity. The psychological health
ale contains items that assess difficulties with concentration,
lf-esteem, frequency of unhelpful thoughts and feelings (i.e.,
w mood, anxiety), body image, and the extent to which the
spondent perceives their life as meaningful. The social
lationships scale examines the respondent’s satisfaction with
cial support systems, personal relationships, and their sex life.
e environment domain assesses perceived safety and security

 the home and community, healthcare availability and
cessibility of leisure activities and transport, and satisfaction
ith the home and physical environment [27]. Higher scores for
ch domain indicate better HRQoL. Each of the 4 domains
monstrate good internal consistency (Cronbach alpha = 0.60–

90), excellent test–retest reliability (Pearson’s r > 0.80 for each
main) and good construct validity. Previous research has
own that the WHOQOL-BREF score is correlated very strongly
ith WHOQOL-100 domain scores [28].

5. Procedure

The current study received ethical approval from the Human
search Ethics Committee (HREC) of The Royal Children’s
spital, Melbourne, Australia. Participants were recruited into

e longitudinal study during their initial hospital admission and
ere followed up 7 times after TBI [29]. At each time, all families
m the original study were contacted and were given a detailed
scription of the study. In keeping with local ethics procedures,

milies were required to provide written informed consent. At the
-year follow up, a registered psychologist administered neuro-
ychological assessments and self-reporting inventories to each
rolled participant.

6. Data analysis

SPSS v23.0 (SPSS, Inc., Chicago, IL) was used for data analysis.
ven the exploratory nature of the study and the need to
inimize the risk of type 2 error, the alpha level was set to
05. One-way between-participants ANOVA was used to compare
rticipating and non-participating groups in terms of injury,
cio-demographic and clinical variables collected at initial
cruitment and the effect of injury severity on WHOQOL-BREF
main scores. For primary outcome analyses, independent-
mples Student t test was used to evaluate mean differences
tween the TBI study cohort and the age-matched Australian
rmative sample.
Individual impairment ratings were derived from WHOQOL-
EF-Australian population norms, [26] and Chi2 tests were
ed to examine the proportion of individuals who fell within
e impaired range across each TBI severity group. For each of the
WHOQOL-BREF domains, impairment was defined as a

ore > 1 SD below the age-matched Australian normative
Please cite this article in press as: Ryan NP, et al. Young adults’ persp
brain injury: A prospective cohort study. Ann Phys Rehabil Med (2Downloaded for Anonymous User (n/a) at The University of Mel
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sample mean [26]. In both the pediatric and adult HRQoL
literature, QoL domain scores at least 1 SD below the population
mean can help identify individuals at risk for impaired HRQoL
[26,30–32]. Because such scores represent scores similar to
those obtained by individuals living with severe chronic health
conditions [32]. This 1-SD criterion is also in keeping with the
cutoff score derived from the original psychometric validation
study of the WHOQOL-BREF [26].

Predictors of HRQoL were assessed by univariate regression
analysis to examine associations between WHOQOL-BREF
domains and a range of theoretically relevant pre-injury,
environmental, injury-related, cognitive and mood-related fac-
tors. Variables that significantly (P < 0.05) contributed to HRQoL
at this step were included in multivariable adjusted regression
models to identify associations between variables and each
HRQoL domain.

3. Results

3.1. Sample attrition analyses

To identify potential sample attrition bias, we compared
participating (n = 52) and non-participating (n = 120) groups at
15 years post-injury on a range of pre-injury, socio-demographic
and injury characteristics. Specifically, these attrition analyses
concerned identifying potential group differences on important
preinjury characteristics (i.e., pre-injury family functioning,
pre-injury child adaptive skills, and sex); injury characteristics
(injury age, lowest GCS, mechanism of injury, presence of
acute imaging abnormalities and need for acute surgical
intervention); and post-acute cognitive factors (verbal, perfor-
mance and full-scale IQ at 0–3 months post-injury). At the
overall group level, participating and non-participating groups
did not differ (P > 0.10), with the exception of fewer males
participating in the 15-year follow-up (x2(10, n = 172) = 5.16,
P = 0.02).

We also conducted attrition analyses of participating and
non-participating groups for each TBI severity group. For the
mild and severe TBI groups, the 2 groups did not differ on
measures of pre-injury family functioning and child adaptive
skills, injury characteristics, or post-injury intellectual
function (P > 0.21 in all group comparisons). The moderate
TBI group showed similar findings; however, as compared with
the non-participating group, the participating group had
significantly higher verbal intelligence at 0 to 3 months post-
injury (P = 0.043). The proportion of males was lower in
the participating than non-participating group (P = 0.017). No
other significant group differences were identified for pre-
injury, injury or post-injury intellectual variables (P > 0.31 in all
comparisons).

3.2. Sample characteristics

Table 1 displays key demographic characteristics of the TBI
severity groups. The groups did not differ significantly on injury
age, age at assessment, socioeconomic status or full-scale IQ.
Injury characteristics of the TBI severity groups are in Table 2. As
expected, GCS significantly differed between the groups.
Children with severe TBI were more likely to require
surgical intervention and have abnormal CT/MRI findings than
other groups. Cause of injury differed between the injury
severity groups: motor vehicle accidents were more frequent
with severe TBI than other groups. Children with milder brain
injuries more frequently experienced falls and/or blows to the
head than other children.
ectives on health-related quality of life after paediatric traumatic
019), https://doi.org/10.1016/j.rehab.2019.06.014bourne from ClinicalKey.com.au by Elsevier on August 11, 2019.
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Table 1
Demographic characteristics of young adults with a history of childhood traumatic brain injury (TBI).

Mild TBI (n = 15, 28.9%) Moderate TBI (n = 26, 50.0%) Severe TBI (n = 11, 21.2%) F/x2 p

Male, n (%) 8 (53.3) 15 (57.7) 5 (45.5) 0.47 0.79

Age at injury (years), mean (SD) 7.23 (3.5) 7.3 (3.0) 6.9 (3.3) 0.06 0.94

Range 2.8–12.3 2.0–12.1 2.5–12.8

Age at 15-year follow-up (years), mean (SD) 23.59 (4.1) 24.0 (3.7) 23.3 (4.0) 0.16 0.85

Range 17.8–30.6 16.3–29.3 17.6–30.0

SES acute, mean (SD) 3.9 (0.8) 4.4 (0.9) 4.3 (1.3) 1.30 0.28

FSIQ acute, mean (SD) 102.0 (14.6) 102.9 (13.2) 91.0 (16.8) 2.82 0.07

FSIQ at 15-year follow-up, mean (SD) 104.4 (19.9) 104.6 (12.3) 102.6 (10.4) 0.08 0.92

Self-reported problems at 15-year follow-up

Speech problems, n (%) indicating ‘‘Yes’’ 1 (7) 8 (31) 2 (18) 5.48 0.24

Fine motor problems, n (%) 0 (0) 4 (15) 4 (36) 11.07 0.026

Gross motor problems, n (%) 1 (7) 4 (15) 4 (36) 8.27 0.082

SES: socio-economic status; FSIQ: Full Scale IQ.

Table 2
Injury characteristics young adults with a history of childhood TBI.

Injury characteristics Mild TBI (n = 15) Moderate TBI (n = 26) Severe TBI (n = 11) F/Fisher’s exact test P

Medical characteristics

GCS on admission, mean (SD) 14.4 (1.2) 11.08 (3.4) 6.36 (1.4) 30.30 < 0.001

Neurological abnormalities, n (%) 0 11 (42.3) 10 (90.9) 24.02 < 0.001

Surgical intervention, n (%) 0 11 (42.3) 8 (72.7) 16.84 < 0.001

Abnormal CT/MRI, n (%) 0 20 (76.9) 10 (90.9) 31.71 < 0.001

Cause of injury, n (%) 14.06 0.05

Motor vehicle accident 2 (13.3) 8 (30.8) 7 (63.6)

Falls/blows 13 (86.7) 18 (69.2) 4 (36.4)

GCS: Glasgow Coma Scale.
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3.3. HRQoL at 15 years post-TBI

3.3.1. TBI versus normative sample

Table 3 compares the TBI group and the age-matched Australian
normative sample on the WHOQOL-BREF domain scores [26]. As
compared with the normative sample, the TBI group showed
significantly worse HRQoL only in the physical health domain.

3.3.2. Outcome by severity

TBI severity groups did not significantly differ on any of the
HRQoL domains (Table 4).

3.3.3. Rates of impairment

We examined the proportion of the TBI group within the
impaired range on the HRQoL subscales, defined by a score > 1 SD
below the mean for the age-matched Australian normative sample.
Rates of impairment ranged from 17.3% (environment HRQoL) to
40.4% (physical HRQoL) (Table 5). Of note, 52% of the TBI sample
reported impaired functioning in at least one HRQoL domain. Rates
of impairment did not significantly differ between the TBI severity
groups (Table 5).

3.4. Predictors of HRQoL on 4 WHOQOL-BREF domains

Univariate analyses revealed significant associations between
physical HRQoL and depression symptom severity (F(1,51) = 9.927,
441
442
443

444

445
446
447
448

Table 3
Health-related quality of life (HRQoL) domains by the WHOQOL-BREF for the TBI

group and age-matched Australian normative sample (control).

HRQoL domain TBI (n = 51) Control (n = 147) t P value

Physical 77.2 (16.2) 85.4 (10.9) 2.928 0.004

Social 70.9 (17.2) 72.9 (18.8) 0.561 0.576

Psychological 68.9 (17.9) 71.4 (17.5) 0.715 0.475

Environment 75.4 (13.9) 74.3 (14.0) 0.399 0.690

Data are mean (SD). Items are added for a total score for each domain with

maximum of 100.

Please cite this article in press as: Ryan NP, et al. Young adults’ persp
brain injury: A prospective cohort study. Ann Phys Rehabil Med (20Downloaded for Anonymous User (n/a) at The University of Melbour

For personal use only. No other uses without permission. C
P = 0.003) and frequency of perceived social communication
difficulty (F(1,50) = 12.814, P < 0.001). The adjusted model was
highly significant (F(2,50) = 7.681, P = 0.001). On multivariable
analysis, increased perceived social communication difficulty was
the sole predictor of poorer physical HRQoL (Table 6).

Univariate analyses revealed significant associations between
psychological HRQoL and frequency of perceived social communi-
cation difficulty (F(1,50) = 25.685, P < 0.001) and depression
symptom severity (F(1,51) = 36.982, P < 0.001). The adjusted
model was highly significant (F(2,50) = 24.054, p < 0.001). On
multivariable analysis, poorer psychological HRQoL was associated
with more severe depressive symptoms and greater perceived
social communication difficulty (Table 6).

Univariate analyses revealed significant associations between
social HRQoL and depression symptom severity (F(1,51) = 20.194,
P < 0.001) and frequency of perceived social communication
difficulty (F(1,50) = 11.293, P = 0.002). The adjusted model was
highly significant (F(2,50) = 11.423, P < 0.001). On multivariable
analysis, more severe depressive symptoms was the sole predictor
of poorer social HRQoL (Table 6).

Univariate analyses revealed significant associations between
environment HRQoL and acute full-scale IQ (F(1,50) = 5.371,
P = 0.025), depression symptom severity (F(1,51) = 14.501,
P < 0.001), frequency of perceived social communication difficulty
(F(1,50)= 16.029, P < 0.001), and cognitive flexibility,
(F(1,51) = 5.168, P = 0.028). The adjusted model was highly
significant (F(2,50) = 11.423, P < 0.001). On multivariable analysis,
poorer environment HRQoL was associated with more severe
depressive symptoms and reduced cognitive flexibility (Table 6).

4. Discussion

Diminished quality of life is a common experience for children
and families living with TBI. Despite the established link between
childhood TBI and reduced HRQoL, there has been a dearth of
prospective research to determine the prevalence and predictors of
ectives on health-related quality of life after paediatric traumatic
19), https://doi.org/10.1016/j.rehab.2019.06.014ne from ClinicalKey.com.au by Elsevier on August 11, 2019.
opyright ©2019. Elsevier Inc. All rights reserved.
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Table 4
HRQoL by TBI severity.

HRQoL domain Mild TBI (n = 15) Moderate TBI (n = 26) Severe TBI (n = 11) df F P ES

Physical 78.5 (10.7) 75.3 (19.4) 79.8 (14.5) 2, 52 0.364 0.697 0.015

Psychological 68.2 (17.0) 69.5 (17.8) 68.3 (20.7) 2, 52 0.030 0.971 0.001

Social 72.2 (15.3) 70.6 (17.3) 69.7 (20.7) 2, 52 0.070 0.932 0.003

Environmental 74.7 (9.9) 76.2 (15.0) 74.7 (16.5) 2, 52 0.070 0.933 0.003

Data are mean (SD). ES: effect size quantified by using partial eta squared. Items are added for a total score for each domain with maximum of 100.

Table 5
Percentage impaired by injury severity.

HRQOL domain Total sample (n = 52) Mild TBI (n = 15) Moderate TBI (n = 26) Severe TBI (n = 11) x2 P value

Physical 21 (40.4) 6 (40.0) 10 (38.5) 5 (45.5) 0.158 0.924

Psychological 12 (23.1) 4 (26.7) 5 (19.2) 3 (27.3) 0.435 0.805

Social 12 (23.1) 4 (26.7) 6 (23.1) 2 (18.2) 0.257 0.879

Environmental 9 (17.3) 2 (13.3) 4 (15.4) 3 (27.3) 0.996 0.608

Data are n (%).

Table 6
Predictors of HRQoL dimensions: final adjusted models.

b B (SE) 95% CI P value

Model 1: Physical

LCQ self-report 15 years � 0.333 � 0.382 (0.17) [� 0.73, � 0.04] 0.031

GHQ depression 15 years � 0.224 � 2.540 (1.70) [� 5.96, 0.88] 0.142

Model 2: Psychological

LCQ self-report 15 years � 0.329 � 0.418 (0.15) [� 0.73, � 0.11] 0.009

GHQ depression 15 years � 0.472 � 5.937 (1.53) [� 9.01, � 2.86] < 0.001

Model 3: Social

LCQ self-report 15 years � 0.194 � 0.236 (0.17) [� 0.58, 0.11] 0.178

GHQ depression 15 years � 0.438 � 5.295 (1.71) [� 8.74, � 1.86] 0.003

Model 4: Environment

Acute FSIQ 0.071 0.063 (0.12) [� 0.18] 0.597

LCQ self-report 15 years � 0.256 � 0.256 (0.16) [� 0.58] 0.115

DKEFS: Inhibition/switching 0.277 1.776 (0.84) [0.07] 0.042

GHQ depression 15 years � 0.369 � 3.512 (1.44) [� 6.43, � 0.59] 0.020

LCQ: Latrobe Communication Questionnaire; GHQ: General Health Questionnaire; FSIQ: Full Scale IQ; SE: standard error; 95% CI: 95% confidence interval.
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paired HRQoL in the very long term post-injury. To address this
bstantial gap in knowledge, this study evaluated HRQoL in young
ult survivors of childhood TBI at 15 years post-injury. We aimed

 identify the prevalence of impaired HRQoL and evaluate the
spective contribution of pre-injury, environmental, injury-
lated, cognitive and mood-related factors to various HRQoL
mensions at 15 years post-injury.

Overall, we found partial support for expectations. As compared
ith the age-matched Australian normative sample, the TBI group
ported significantly poorer physical HRQoL at 15 years post-
jury. Although group differences in other HRQoL domains did not
ach statistical significance, 52% of the TBI sample reported
paired HRQoL in at least one domain as measured by the
HOQOL-BREF. Contrary to expectations, HRQoL was not associ-
ed with injury severity, socioeconomic status, or pre-injury child
d family functioning. Instead, the poorest HRQoL outcomes were
sociated with more severe depression symptoms and reduced
gnitive flexibility at 15 years post-injury.

1. HRQoL outcomes: relation to injury factors

Our study suggests that by young adulthood, survivors of
ildhood TBI report significantly worse physical HRQoL as
mpared with the age-matched Australian normative sample.
nsistent with this finding, the greatest rates of individual
pairment were in the WHOQOL-BRIEF physical domain.

evious research has shown that residual physical disabilities
e not uncommon in the long term after paediatric TBI, [33,34]
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and our TBI sample is not an exception to this general trend. Of
note, even at 15 years post-injury, 17% of our TBI sample reported
some level of current gross motor dysfunction, and 35% reported
current or previous involvement with physiotherapy services.
Therefore, elevated rates of impaired HRQoL in the physical
domain may be at least in part due to the ongoing physical
limitations experienced by our TBI sample.

In addition to elevated rates of impairment in the HRQoL
physical domain, analyses of individual impairment ratings
showed that 1 in 2 young adult survivors of child TBI experience
poor HRQoL in at least one domain of function. These results are
broadly consistent with previous evidence of an association
between TBI and reduced HRQoL in the chronic phase of childhood
TBI [3,4] and suggest that more than 50% of young adult TBI
survivors perceive significant functional difficulties in the very
long term post-injury.

Contrary to our predictions and counter to previous studies
linking worse HRQoL to more severe TBI, [3,4] impaired HRQoL was
equally common across all levels of TBI severity. Similarly,
comparison of group means failed to reveal the expected dose–
response relation between TBI severity and HRQoL outcomes.
These results run counter to previous findings of a dose–response
relation between acute TBI severity and cognitive/intellectual
outcomes in this same cohort at 10 years post-injury [35]. Never-
theless, the current 15-year outcome study focused primarily on
psychosocial as opposed to cognitive outcomes, and this discrep-
ancy in findings is largely consistent with evidence from the
broader childhood TBI literature [36]. Specifically, there is
ectives on health-related quality of life after paediatric traumatic
019), https://doi.org/10.1016/j.rehab.2019.06.014bourne from ClinicalKey.com.au by Elsevier on August 11, 2019.
n. Copyright ©2019. Elsevier Inc. All rights reserved.
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emerging evidence suggesting that post-TBI cognitive/intellectual
outcomes are more tightly linked to injury factors, [37] whereas
psychosocial outcomes are more closely related to family
environmental factors (e.g., parent mental health, family affective
dynamics) and child-related factors (e.g., executive function,
theory of mind) [16,35,36]. The non-significant effect of acute
TBI severity on HRQoL is also broadly consistent with studies of
recovery in other domains of function, which suggests that the
effect of TBI severity on outcome appears to diminish with
increasing time after injury [38]. Moreover, these results converge
with a small number of studies examining HRQoL outcomes in
chronic-phase TBI, [8] suggesting that initial clinical indicators of
TBI severity have reduced predictive value for very-long-term
HRQoL outcomes, at least in the context of injury to the immature
brain [39].

Similarly, the non-significant effect of age at injury on HRQoL
outcomes likely reflects our exclusive focus on subjective
perceptions of health and well-being. Specifically, because we
relied exclusively on self-reports of TBI survivors, the null finding
may be explained by respondent-related factors, including
potential cognitive impairment and impaired self-awareness
among survivors of more severe TBI as well as the degree to
which younger participants can recollect pre-injury functioning. In
particular, participants injured at a younger age may have fewer
recollections of pre-injury functioning as compared with older
children, who may be more able to reflect on loss of previously
acquired skills.

4.2. HRQoL outcomes: relation to non-injury factors

Although injury-related factors did not significantly contribute
to HRQoL, increased perceived social communication difficulty was
associated with poor HRQoL, even after adjusting for depression
symptom severity. Because pragmatic communication difficulties
are relatively common in the very long term post-injury [13,16] and
have been linked to damage of frontal-limbic brain circuits
implicated in social cognition, [14] leading theoretical frameworks
from social neuroscience provide a useful lens to interpret these
findings. In keeping with the HMSC model, [12] pragmatic
communication difficulty likely affects the quality and frequency
of social interactions, thereby contributing to reduced interpersonal
effectiveness [16]. Consequently, perceived successive failure to
manage routine social interactions likely elicits chronic distress and
contributes to a decline in subjective health and well-being [12].

Similarly, we found reduced HRQoL linked to poor cognitive
flexibility. As described earlier, cognitive flexibility is commonly
vulnerable to disruption due to childhood TBI [40] and involves the
ability to disengage from a previous strategy, generate a new
response set, and incorporate the new strategy into the task at
hand [41]. The current finding is broadly consistent with previous
research linking better cognitive flexibility to favourable outcomes
across the adult lifespan, including resilience to negative life
events and better overall quality of life [42]. Given that cognitive
flexibility enables successful adaptation to changing circumstan-
ces and novel environmental demands, it is perhaps not surprising
that we found difficulties in this domain linked to poor perceived
health and well-being in our TBI sample. Given the evidence to
implicate cognitive flexibility as a key mechanism underlying
treatment success of cognitive behavioural therapy, [43] our
findings might underscore the potential utility of cognitive
behavioural therapy-based approaches (including problem-fo-
cused coping strategies) for optimising QoL in young adult
survivors of childhood TBI.

Finally, we found that increased concurrent depression
symptoms contributed to poor HRQoL across the social, psycho-
logical and environmental domains. This finding is consistent with
Please cite this article in press as: Ryan NP, et al. Young adults’ persp
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previous research, [44] which documents poor HRQoL among
childhood TBI survivors endorsing high levels of psychological
distress. Importantly, these results suggest the potential to
improve HRQoL outcomes by addressing modifiable risk factors,
including depression symptoms. This is particularly important
given that that psychological sequelae are commonly documented
in the many years post-injury [38] and may be amenable to change
with pharmacological and non-pharmacological interventions,
including cognitive behavioural therapy [45].

Despite evidence for robust relationships between HRQoL,
mood-based factors, and perceived social communication difficulty,
our findings should be interpreted with some caution. Specifically,
these relationships were detected by using questionnaire-based
measures administered concurrently to the same respondent. These
strong relationships agree with study hypotheses and with current
conceptual models of psychosocial outcome after TBI, [12] but we
cannot rule out that respondent-related factors explain at least in
part the high shared variance between self-reporting questionnaire
measures collected at the same time [46]. For instance, previous
studies have offered empirical support for the notion that
respondent-related factors (i.e., personality and emotional factors)
influence symptom reporting on self-reporting measures assessing
distinct constructs [47,48]. In the current study, respondent-related
variables might underlie some of the observed associations that
were not entirely expected. For example, the impact of perceived
social communication difficulty on physical HRQoL is explained at
least in part by respondent-related factors. Nevertheless, because
the WHOQOL-BREF physical scale is a broad-based measure that
includes items relating to satisfaction with sleep, capacity for work
and ability to perform daily activities, it is not entirely surprising
that perceived difficulty with social communication might affect
functioning in this domain.

4.3. Non-significant effect of sex on HRQoL

The non-significant effect of sex on HRQoL is somewhat
surprising and contrasts with previous findings linking female
sex to poor HRQoL in patients with a history of paediatric cancer,
[49] TBI [50] and cystic fibrosis [51]. In the current study, the null
finding might be explained at least in part by the significantly
lower proportion of males in the participating versus non-
participating TBI group at 15 years post-injury. As such, the
non-significant effect of female sex on HRQoL should be
interpreted with caution.

4.4. Limitations

To our knowledge, our study represents the longest running
prospective study of childhood TBI outcomes to date; however, the
strength of our findings was weakened by the relatively small
sample (n = 52). Longitudinal prospective studies of this nature are
prone to sample attrition, and our sample was no exception
[52]. Attrition analyses within TBI severity groups revealed that for
the moderate TBI group only, verbal intelligence at 0 to 3 months
post-injury was significantly higher in the participating than non-
participating group. Although speculative, this pattern of findings
suggests that our current results provide a conservative estimate of
HRQoL impairment among individuals with moderate TBI.

The strength of the current findings is also weakened by the
absence of an orthopaedic injury control group. Indeed, there is
considerable debate concerning brain-injury–specific effects
versus general-injury effects on outcomes after TBI. For instance,
some research has found that chronic symptom burden and/or
abnormal neuropsychological functioning after mild TBI are
attributable to premorbid or environmental determinants that
are common to many types of injuries, including orthopedic
ectives on health-related quality of life after paediatric traumatic
19), https://doi.org/10.1016/j.rehab.2019.06.014ne from ClinicalKey.com.au by Elsevier on August 11, 2019.
opyright ©2019. Elsevier Inc. All rights reserved.
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juries [37,53–56]. Given the absence of an orthopaedic-injury
ntrol group, we cannot establish whether elevated rates of
paired HRQoL in our sample are unique to individuals with a

story of neurological trauma (i.e., a brain-injury–specific effect)
 whether these long-term outcomes are explained at least in part

 pre-existing risk factors (e.g., premorbid psychiatric problems)
at are shared by children who sustain orthopaedic and
urological trauma. Nevertheless, despite this important limita-
n, our prospective study involved the collection of detailed

formation regarding pre-injury functioning assessed by using
trospective parent reports of pre-injury function collected at the

e of injury. Limited evidence for a dose–response relation
tween injury severity and HRQoL may point to the potential
ntribution of premorbid factors to variation in long-term
tcomes, but no such associations were detected in our sample.
mely, measures of pre-injury family functioning and premorbid
ild adaptive functioning did not contribute to long-term HRQoL
tcomes in our sample.
A further limitation relates to our sole reliance on patient self-

ports of subjective health and well-being. Given that patient self-
areness and insight can influence self-reported ratings, we

nnot rule out the potential impact of these variables on
e observed pattern of finding [57]. Given this important caveat,
e non-significant effect of injury severity on HRQoL outcome
ould be interpreted with caution.
Finally, because of the initial primary aim of the current

ngitudinal study, previous time points focused almost exclu-
ely on assessment of intellectual and cognitive outcomes.
erefore, we could not examine longitudinal trajectories of
QoL after childhood TBI. Further research is needed to examine

hether HRQoL appears to worsen, improve or show a relatively
able trajectory into young adulthood. Further studies are also
eded to evaluate the prognostic value of HRQoL measures
llected earlier during the post-injury recovery and whether
ese measures may interact with other injury and non-injury
ctors to predict later HRQoL outcomes.

Despite these limitations, our study addresses several impor-
nt gaps in the existing literature. Specifically, in addressing the
arth of prospective childhood TBI research by using a
ultidimensional subjective well-being conceptualisation of
QoL, we identify several modifiable risk factors that can be

dressed with interventions that could potentially optimise
QoL in the very long term post-injury.

5. Clinical implications

Overall, our findings suggest that a substantial proportion of
ung adult survivors of TBI experience poor HRQoL in at least one
re domain, the poorest outcomes associated with more severe
pression symptoms, greater perceived communication difficul-
, and reduced cognitive flexibility. These results underscore the
portance of routine screening for mood and social communica-
n difficulties in individuals with a history of TBI. For clinicians,

ese domains should be routinely screened with a view to
itiating targeted referrals for treatment and management of
ese risk factors that may contribute to and maintain poor HRQoL.
couragingly, for TBI patients with these risk factors, our findings
ggest that successful intervention in these domains (e.g.,
gnitive behavioural therapy-based interventions for mood or
cial skills training for perceived communication difficulty) could
timise very-long-term HRQoL in this vulnerable population.
rly evidence for the benefits of such interventions in the TBI
pulation has been recently documented [45].
Moreover, given the elevated rates of perceived social

mmunication difficulty at 15 years post-injury, further research
needed to determine whether speech and language deficits,
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including pragmatics, may underlie these perceived difficulties.
From a clinical standpoint, for patients reporting subjective
communication complaints in the long term post-injury, speech
and language assessment and therapy (if relevant) may be
beneficial for optimizing quality of life.

5. Conclusions

To our knowledge, this is the longest running prospective study
to evaluate HRQoL outcomes and their correlates in young adult
survivors of childhood TBI. Our findings show that at 15 years post-
injury, a substantial proportion of childhood TBI survivors
experience poor HRQoL in at least 1 of 4 core functional domains.
Moreover, HRQoL impairments were equally common across the
spectrum of severity, and the poorest HRQoL outcomes were
associated with more severe depression symptoms, greater
perceived social communication difficulty, and reduced cognitive
flexibility at 15 years post-injury. These findings suggest that even
in the long term post-injury, the identification and treatment of
modifiable risk factors has potential to improve very-long-term
HRQoL outcomes in this vulnerable population.
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