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ABSTRACT
Background  Injury is a leading contributor to the 
global disease burden in children and places children 
at risk for adverse and lasting impacts on their health-
related quality of life (HRQoL) and development. 
This study aimed to identify key predictors of HRQoL 
following injury in childhood and adolescence.
Methods  Data from 2259 injury survivors (<18 years 
when injured) were pooled from four longitudinal cohort 
studies (Australia, Canada, UK, USA) from the paediatric 
Validating Injury Burden Estimates Study (VIBES-Junior). 
Outcomes were the Paediatric Quality of Life Inventory 
(PedsQL) total, physical, psychosocial functioning scores 
at 1, 3–4, 6, 12, 24 months postinjury.
Results  Mean PedsQL total score increased with higher 
socioeconomic status and decreased with increasing 
age. It was lower for transport-related incidents, ≥1 
comorbidities, intentional injuries, spinal cord injury, 
vertebral column fracture, moderate/severe traumatic 
brain injury and fracture of patella/tibia/fibula/ankle. 
Mean PedsQL physical score was lower for females, 
fracture of femur, fracture of pelvis and burns. Mean 
PedsQL psychosocial score was lower for asphyxiation/
non-fatal submersion and muscle/tendon/dislocation 
injuries.
Conclusions  Postinjury HRQoL was associated with 
survivors’ socioeconomic status, intent, mechanism of 
injury and comorbidity status. Patterns of physical and 
psychosocial functioning postinjury differed according to 
sex and nature of injury sustained. The findings improve 
understanding of the long-term individual and societal 
impacts of injury in the early part of life and guide the 
prioritisation of prevention efforts, inform health and 
social service planning to help reduce injury burden, and 
help guide future Global Burden of Disease estimates.

INTRODUCTION
For over 10 years, there have been urgent calls to 
address issues surrounding injuries in children and 
adolescents across the globe.1 2 Injury is a leading 
contributor to the global disease burden in this 
population.3 Tens of millions of children around 
the world are hospitalised every year for non-fatal 
injuries, representing a high burden on healthcare 
worldwide and placing children at risk for adverse 
and lasting impacts on their health-related quality 
of life (HRQoL) and development.4

The measurement of HRQoL following injury 
is key in quantifying longitudinal pathways to 
recovery and subjective burden in survivors. 
However, studies of HRQoL postinjury in children 
and adolescents are uncommon, often restricted 
to single centres5 or subgroups of the population 
(eg, traumatic brain injury (TBI), spinal cord injury, 
sports-related concussion or fracture6 or multiple 
trauma). These studies have often involved small 
sample sizes, and wide variation in the number 
and timing of follow-up assessments. A number 
of studies have experienced issues with loss to 
follow-up7 8 resulting in potential biases8 9 and 
thereby restricting the capacity of studies to identify 
important predictors of postinjury HRQoL across a 
broad range of injuries in children and adolescents.

The opportunity to pool longitudinal data from 
multiple sources can increase sample size, enabling 
a broader coverage of injuries, improved generalis-
ability, more precise estimates and greater statistical 
power to identify predictors of HRQoL following 
injury for children and adolescents. The aim of 
this study was to characterise and identify the key 
predictors of HRQoL following injury in childhood 
and adolescence across demographic groups and 
categories of injuries using pooled data of injury 
survivors from cohorts from four high-income 
countries.

METHODS
Included datasets
Data from four longitudinal cohort studies of 
paediatric injury survivors associated with the 
paediatric Validating Injury Burden Estimates Study 
(VIBES-Junior)10 were pooled for this project 
(table  1) and integrated using the Data Integra-
tion Protocol in 10 Steps.11 The VIBES-Junior 
project is an international collaboration of injury 
research experts aimed at quantifying the burden 
of injury in children and adolescents. The pooled 
studies were all prospective cohort studies and 
included multiple injury types, collected outcomes 
at multiple time points after injury and included a 
standardised measure of HRQoL. Injury diagnoses 
coded using International Classification of Diseases 
(ICD) enabled the characterisation of the injuries 
sustained and aid characterisation of external cause 
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of injury codes. Two studies included a standardised measure of 
preinjury HRQoL.

The Victorian State Trauma Registry (VSTR) is a population-
based trauma registry that captures data about all major trauma 
patients in the state of Victoria in Australia.12 Children who 
survived to hospital discharge were followed up postinjury 
(N=996). The US Children’s Health After Injury (CHAI) 
included children with mild, moderate and severe TBI or with 
upper extremity injuries who presented to a set of US hospitals.13 
The study collected the recalled preinjury HRQoL measures at 
baseline and postinjury HRQoL at follow-up among 924 chil-
dren in the pooled study. The UK Burden of Injury (UKBOI) was 
a study of injured individuals with children recruited from emer-
gency department (ED) presentations and hospital admissions in 
four UK centres (N=181).14 The British Columbia Children’s 
Hospital Longitudinal Injury Outcomes (BCCH-LIO) study 
included children who attended the British Columbia Children’s 
Hospital in Canada for an injury5 and collected baseline recalled 
preinjury HRQoL measures and were followed up postinjury 
(N=365).

Measures
The Paediatric Quality of Life Inventory (PedsQL) was used 
to measure HRQoL at baseline (ie, preinjury status as recalled 
postinjury), 1, 3–4, 6, 12 and/or 24 months following injury. 
To allow for non-linearity, time was treated as categorical and 
the PedsQL scores at times 3 and 4 months for the CHAI and 
BCCH-LIO cohorts were grouped together to represent 3–4 
months. The PedsQL is considered an appropriate instrument 
for assessing HRQoL in paediatric trauma populations across 
a broad age range,15 can discriminate between HRQoL postin-
jury for injuries of varying severity for injured children,16 and 
exhibits good reliability and construct validity.17

The PedsQL is a 23-item generic instrument formulated to 
measure physical, mental, social, emotional and school func-
tioning. A five-point response scale from never to almost always 
is used to assess the extent to which the child has been affected 
in the previous month. For consistency across the cohorts, 
parent item scores were used and reversed and transformed to 
produce the three PedsQL health summary scores: total health 
(all 23 items); physical health (physical functioning: 8 items) and 

psychosocial health (consisting of emotional, social and school 
functioning: 15 items). Each summary score was calculated by 
averaging across the relevant score items, but only if more than 
50% of the items on the scale were available. Summary scores 
ranged from 0 to 100, with higher scores representing better 
function. A difference of ≥4.5 has been shown to be clinically 
meaningful.18

Demographic characteristics were collected at baseline and 
included sex, and age group separated into five groups to align 
with the WHO classification2 (0–4 years, 5–9 years, 10–14 
years, 15–17 years). Differing socioeconomic status (SES) quin-
tiles for each cohort were collapsed into three groups (low=1–2, 
moderate=3–4, high=5) (online supplemental table S1). Mecha-
nism of injury was harmonised to a binary measure (transport vs 
non-transport) to ensure this measure was consistent across the 
cohorts. The transport group included those who were a motor 
vehicle occupant, pedestrian, or on a motorcycle or bicycle 
at the time of injury. The non-transport group included chil-
dren injured in falls, struck by/against an object or person and 
other mechanisms. Care was grouped into ED presentation and 
discharge vs hospital admission. The distribution of the Injury 
Severity Score (ISS) was asymmetric so was collapsed into tertiles 
and the intent of injury grouped into intentional (including self-
harm, maltreatment and interpersonal violence), unintentional 
and intent not known. Diagnoses and external cause codes were 
classified using the ICD 10th Revision (ICD-10). The CHAI data 
were mapped from the ICD ninth Revision (ICD-9) to the ICD-
10. All diagnosis codes were mapped to the 2013 Global Burden 
of Disease (GBD) study injury health states.19 Due to small cell 
counts, these injury health states were then collapsed into 17 
binary variables (online supplemental table S2). Comorbidities 
present at the time of injury were categorised into no comorbid-
ities vs 1 or more comorbidities based on the 27 health condi-
tions described by Mitchell et al.20

Statistical analysis
Data were summarised using frequencies and percentages for 
categorical variables. Mean and SD were used for continuous 
variables. Independent t-tests were used to compare the mean 
PedsQL total, physical and psychosocial scores with published 
norms for healthy children.21 Bonferroni correction was used 

Table 1  Summary of injury-specific cohort studies included in research*

Study and month/year Setting Inclusion criteria Participants base and age

Postinjury follow-up 
time points, mode of 
interview Injury diagnosis coding

VSTR
March/2009 to 
March/2017

Australia In hospital death, ISS >12, ICU admission 
or urgent surgery, met burns criteria 
20%–29% full/partial thickness.

n=966
<16 years

6, 12 and 24 months.
Telephone

ICD-10-AM

CHAI
March/2007 to 
September/2008

USA Presentation to ED or hospital admission 
for either a TBI or an upper extremity 
injury.

n=924
<18 years

Baseline, 3, 12 and 24 
months.
Online, telephone and 
postal.

ICD-9 mapped to ICD-10

UKBOI
September/2005 to 
April/2007

UK Presentation to ED or hospital admission
5+years

n=181
5–17 years

1, 6 and 12 months.
Postal

ICD-10

BCCH-LIO
February/2011 to 
December/2013

Canada Presentation to ED or hospital admission
0–16 years

N=365
<18 years

Baseline, 1, 4 and 12 
months.
Postal

ICD-10

*Participant base were those patients with at least one HRQoL score.
BCCH-LIO, British Columbia Children’s Hospital Longitudinal Injury Outcomes study; CHAI, Children’s Health After Injury; ED, Emergency Department; HRQoL, health-related 
quality of life; ICD, International Classification of Disease; ICU, Intensive Care Unit; ISS, Injury Severity Score; TBI, traumatic brain injury; UKBOI, UK Burden of Injury Study; VSTR, 
Victorian State Trauma Registry.
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for the t-test analysis for healthy populations with a p<0.003 
considered significant.

The effect of demographics and injury related specific risk 
factors on the PedsQL total, physical and psychosocial scores 
were modelled separately for each measure using a mixed 
effects linear regression with random intercepts and slopes at 
the patient level to adjust for the correlation between patients. 
Nested random effects within the cohort were tested and not 
found to significantly improve the models, so the more parsimo-
nious solution was used. Missing data associated with the model 
covariates were 7% (online supplemental table S3). Missing data 
in the outcome measures varied due to the pooling of cohorts 
and so cohort were controlled for in the models. Mixed model 
analysis with longitudinal data has been shown to be suitable in 
handling missing data compared with using multiple imputation 
which has been found to potentially produce unstable results.22 
Time was treated as a discrete categorical variable so that no 
assumptions about the mathematical function over time was 
prescribed.

Analyses were performed using Stata V.16.0 (StataCorp). The 
95% CIs were evaluated for interpretation and the precision of 
estimates and/or strengths of associations for all analyses other 
than the t-tests described above.

RESULTS
Overview of cohort
Across all cohorts and time points 7% of participants did not 
provide a PedsQL score (online supplemental table S3). The 
pooled cohort study population (n=2259) was predominantly 
male (66%) (table 2), from low to moderate SES groups (80%), 
and under 12 years of age (62%). The mean (SD) age was 8.7 
(5.2) years. Most cases were not transport related (74%), 61% 
of participants were admitted to hospital, and 90% had no 
reported pre-existing comorbidities at the time of the injury. A 
TBI was sustained by 48% of participants, with fractures (33%), 
and contusions or open wounds (19%) the next most common 
types of injury.

Outcomes at each time point
The unadjusted distributions of the PedsQL scores at each time 
point postinjury are presented in table  3. The mean baseline 
(preinjury) PedsQL physical score of paediatric injury patients 
was clinically higher than that in the normative population of 
children (table  3). The mean PedsQL total score and PedsQL 
psychosocial score postinjury were lower than the norms across 
all time points postinjury, with a clinical difference at 1 month. 
The mean PedsQL physical score postinjury were lower than the 
norms across 1-month and 6-month postinjury, exhibiting a clin-
ical difference at these time points. The PedsQL physical scores 
were relatively similar at 12 months and 24 months postinjury 
being consistent with the norms.

Predictors of PedsQL scores
The results of the adjusted PedsQL mixed effects models (table 4, 
figures 1–3) indicated that age group, SES, mechanism of injury, 
comorbidity status and sustaining a spinal cord injury and/or 
fracture of the vertebral column were consistent predictors of 
total, physical and psychosocial health.

The mean PedsQL score following injury was higher with 
higher SES status. The mean PedsQL score after injury was 
lower if children had sustained injuries from a transport 
related incident compared with a non-transport related inci-
dent, intentional injuries compared with unintentional injuries, 

Table 2  Patient characteristics
Total
N=2259
No (%)

Sex

 � Male 1493 (66.1)

 � Female 766 (33.9)

Age group

 � 0–4 years 619 (27.4)

 � 5–7 years 328 (14.5)

 � 8–11 years 459 (20.3)

 � 12–15 years 703 (31.1)

 � 16–17 years 150 (6.6)

Socioeconomic status (SES) groups*

 � Low SES 823 (38.2)

 � Moderate SES 898 (41.7)

 � High SES 434 (20.1)

Cohort

 � VSTR 910 (40.3)

 � CHAI 889 (39.4)

 � UKBOI 165 (7.3)

 � BCCH-LIO 295 (13.1)

Transport status†

 � Non-transport 1620 (74.2)

 � Transport 562 (25.8)

Hospital status‡

 � ED only 880 (39.0)

 � Hospital admission 1377 (61.0)

Comorbidity status

 � No comorbidities 2033 (90.0)

 � At least one comorbidity 226 (10.0)

Injury Severity Score tertile§

 � Low (1 – 4) 957 (43.8)

 � Mid (5 – 16) 591 (27.1)

 � High (17+) 635 (29.1)

Intent

 � Unintentional 2054 (90.9%)

 � Intentional 108 (4.8%)

 � Intent not known 97 (4.3%)

Injury (any)¶

 � N33, N34 spinal cord lesion 23 (1.0)

 � N19, N26 fracture of femur 107 (4.7)

 � N20 fracture of patella, tibia, fibula or ankle 102 (4.5)

 � N28 Moderate to severe traumatic brain injury 611 (27.0)

 � N37, N17, N18 Crush injury, fracture foot/hand bones 78 (3.5)

 � N43 internal haemorrhage in abdomen or pelvis 265 (11.7)

 � N27 minor TBI 626 (27.7)

 � N21 fracture of pelvis 102 (4.5)

 � N42 severe chest injury 193 (8.5)

 � N8, N9, N10 burns (including lower airways) 52 (2.3)

 � N25 fracture of vertebral column 104 (4.6)

 � N35, N36 asphyxiation, non-fatal submersion 16 (0.7)

 � N40, N44 contusion, open wound 432 (19.1)

 � N14 other injuries of muscle and tendon and other 
dislocations

190 (8.4)

 � N15 fracture of clavicle, scapula or humerus 218 (9.7)

 � N22 fracture of radius or ulna 238 (10.5)

 � Other 1003 (44.4)

*Missing n=104.
†Missing n=77
‡Missing n<5
§Missing n=76
¶Order was based on GBD 2013 and children could have more than one of these injuries.
BCCH-LIO, British Columbia Children’s Hospital Longitudinal Injury Outcomes; CHAI, Children’s Health 
After Injury; ED, emergency department; GBD, Global Burden of Disease; TBI, traumatic brain injury; 
UKBOI, UK Burden of Injury; VSTR, Victorian State Trauma Registry.
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and/or had one or more comorbidities at the time of injury 
compared with participants without any reported comorbidi-
ties. Having either a spinal cord injury or fracture of the verte-
bral column was associated with lower mean PedsQL scores 
following injury compared with participants without these 
types of injuries. Participants who sustained a moderate to 
severe TBI and/or sustained a fracture of femur, patella, tibia, 
fibula, ankle were also associated with lower mean PedsQL 
score following injury compared with participants without 
these types of injuries.

There were differences between the PedsQL physical and 
psychosocial score models. The mean physical PedsQL scores 
across time was higher compared with the mean psychosocial 
PedsQL scores. Girls had lower mean PedsQL physical score 
after injury compared with boys. Participants who sustained 
a fracture of the femur, fracture of the pelvis and/or burns 
(including lower airways) had lower mean PedsQL physical 
score following injury compared with participants who had 
not sustained these types of injuries. Participants who had 
sustained asphyxiation/non-fatal submersion had lower mean 
PedsQL psychosocial score after injury compared with those 
who had not sustained this type of injury. This was also the 
case for participants who had sustained injuries of muscle/
tendon/dislocations.

DISCUSSION
The findings of this longitudinal pooled data study have 
advanced our understanding of the factors that influence 
HRQoL, and the variability in the pattern of physical and 
psychosocial functioning recovery, in children and adoles-
cents following hospital care for injury. All mean HRQoL 
scores postinjury were clinically lower than the norms at 1 
month, and this clinical difference continued up to 6 months 
for the physical functioning. Physical functioning was more 
likely than psychosocial functioning to be at a higher level 
by 24 months after injury. Sex and SES as well as the type, 
intent and mechanism of injury were associated with HRQoL 
outcomes.

There were several consistent predictors of total HRQoL, 
physical and psychosocial functioning following injuries 
in childhood. Even after the adjusting for the severity and 
mechanism of injury, low SES was associated with lower 
mean HRQoL across time compared with mid/high SES. 
This is consistent with a number of studies across a variety 
of paediatric problems, and with findings of recent systematic 
reviews of HRQoL and functional outcomes in children after 
injury23 24 and with the longitudinal Brain Injury Incidence and 
Outcomes In the NZ Community study.25 There are several 
possible explanations for this disparity. Children from lower 

SES area may have difficulties accessing adequate postinjury 
treatment, particularly for injuries requiring extensive rehabil-
itation; the families may be dealing with additional stressors 
(eg, food insecurity, unemployment, challenging living condi-
tions), that may make it difficult for parents and caregivers 
to adequately support the injured child; or a combination of 
these situations impeding recovery. While all the countries 
from which the data are pooled are high-income countries, 
the issue of the injury poverty trap is well described elsewhere 
(eg, Vietnam).26 The increased probability that some families 
are tipped into poverty due to out of pocket expenses can lead 
to more adverse outcomes post injury. While this pooled anal-
ysis was unable to investigate the impact of changes in SES 
post injury over time, the collection of this information may be 
beneficial for future studies. Whatever the reason, the strength 
and persistence of this finding is concerning and efforts to 
address it should be a priority for policymakers to overcome 
structural determinants of health including income-related 
barriers requiring health service attention alongside public 
policies focusing on poverty reduction.

Several injury-related factors were associated with poorer 
HRQoL outcomes. The transport related cases in our study 
included children and adolescents injured while in a motor 
vehicle (64%), or as a pedestrian/bicycle rider (36%). Trans-
port injuries have been found to have poorer outcomes than 
most other types of mechanisms previously.7 27 The impact of a 
transport related injury involves greater velocity and mass load 
and, in combination with the potential lack of safety devices 
(eg, seatbelts, child restraints, helmets), the injuries sustained 
generally have worse outcomes (eg, moderate to severe TBI, 
spinal cord lesion and/or fracture of the pelvis). Cost can be 
a barrier to the use of child restraints and parents with higher 
SES and education are more likely than others to use car seat 
restraints.28

Pre-existing conditions impacted on a child’s overall level 
of functioning, both for the physical and psychosocial compo-
nents. While commonly identified as a predictor of poorer 
outcomes in adult trauma patients,29 pre-existing conditions 
have not frequently been studied in children.19 30 Our finding 
highlights the importance of appropriate implementation 
of protocols to identify comorbidities at presentation of the 
injury for children and appropriate intervention strategies post 
injury.

Children with a spinal cord lesion or vertebral injury had 
a lower mean HRQoL compared with those who had not 
sustained this injury. Traffic incidents have been reported to be 
the most frequent cause of cervical spine injury in children.31 
Spinal cord injury in childhood has been shown to present 
challenges that are physical (eg, loss of physical control, loss of 

Table 3  Comparison of PedsQL scores between injured children and healthy population norm

Baseline 1 month 3–4 months 6 months 12 months 24 months Healthy norm

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

 �  n=1147 n=429 n=1010 n=829 n=1842 n=1380 n=717

Total score 87.90 (12.11) 77.05 (18.44)* 83.44 (15.25)* 83.27 (17.24)* 85.14 (15.73)* 84.56 (15.88)* 87.61 (12.33)

 �  n=1146 n=429 n=1011 n=972 n=1960 n=1464 n=717

Physical score 93.95 (11.58)* 69.71 (27.21)* 87.12 (18.14) 83.81 (21.92)* 88.21 (18.15) 88.94 (17.43) 89.32 (16.35)

 �  n=1147 n=428 n=1008 n=960 n=1953 n=1454 n=717

Psychosocial score 85.74 (13.56) 81.02 (16.27)* 82.47 (15.58)* 83.05 (18.08)* 83.77 (17.00)* 82.86 (17.29)* 86.58 (12.79)

*P<0.003 comparison to population norms. Refer to table 1 for the details of the cohort inclusion for each time point.
PedsQL, Paediatric Quality of Life Inventory.
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independence) and psychological (eg, depression and anxiety 
disorder).32 Children and adolescents who had sustained spinal 
cord injury engage in fewer physical and social activities than 

their peers and tended to participate in more sedentary and 
informal activities,33 which might adversely affect key physical 
and psychosocial developmental milestones.

Figure 1  PedsQL Total Mean Difference Coefficients (Coef) for each predictor. ED, emergency department; SES, socioeconomic status; TBI, traumatic 
brain injury.

Figure 2  PedsQL Physical Mean Difference Coefficients (Coef) for each predictor. ED, emergency department; SES, socioeconomic status; TBI, 
traumatic brain injury.
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Consistent with literature, children who had sustained a 
moderate to severe TBI experienced relatively poor outcomes. 
In particular, psychosocial deficits in cognitive and behavioural 
domains after TBI have been found to negatively impact on 
HRQoL.34 For example, communication and self-care abilities 
in children with these types of injuries have been found to not 
improve by 24 months post injury.35

Of concern, children in our study who had sustained an inten-
tional injury had lower mean HRQoL outcomes compared with 
an unintentional injury. Child maltreatment and intentional 
self-harm has been linked to a range of mental health problems, 
including depression and anxiety disorders, with lower SES 
compounding some of the risks involved.36 37 Further data and 
research into the relationship of pre-existing HRQoL with inten-
tional injuries (eg, suicide or child abuse) is needed. In 2002 
researchers called for more investigation into the relationship 
between neighbourhood and community variables with both 
intentional and unintentional childhood injuries38 and the addi-
tion of these variables in future analysis may help to inform 
prevention strategies.

We found specific predictors related to physical and psycho-
social health. Females had poorer physical health outcomes 
than males following injury. Researchers have found that 
females tend to have poorer perceptions of their health and 
physical well-being than males.39 40 More research is needed to 
address these issues for injured girls and provide interventions 
to improve this situation. Children who had sustained burns 
also experienced poorer physical health outcomes. Studies of 
HRQoL in children after burns are few, but a systematic review 
by Spronk et al found that children with more severe burns, 
or with a facial or hand burn had poorer HRQoL.41 Severe 
burns can result in systemic damage, often require multiple 
surgical procedures involving readmission for reconstructive 

surgery and impact on the physical functioning of the area(s) 
affected.42

Our study found that children who had sustained asphyxi-
ation/non-fatal submersion experienced poorer psychosocial 
health outcomes. Asphyxiation/non-fatal submersion may have 
consequences due to hypoxia and subsequent brain damage. A 
prospective 5-year follow-up cohort study of near-drowning 
children found 22% of the patients showed behaviour problems, 
poor communication, executive function and learning difficul-
ties.43 The impact on a child’s psychosocial functioning of this 
type of injury is complicated as factors such as intent, sex, age 
and socioeconomic level and parents’ potentially influence this 
outcome.

A major strength of our analysis was the pooling of injury-
specific and primary data of patient-centred outcomes at four 
time points after injury, resulting in a robust sample size to 
cover the most commonly used injury classifications defined 
by GBD 2013.19 However, dealing with multiple and inter-
national studies has some limitations. The included data sets 
differed in terms of follow-up post injury and had an imbal-
ance of sample size across time points. The inclusion criteria 
differed across data sets which resulted in differing propor-
tions of cases with certain injuries (eg, TBI) and multiple inju-
ries across the datasets and the collection of data encompassed 
different calendar years, types of healthcare systems and levels 
of health insurance. However, this diversity allowed our 
models to account for a variety of injuries and our models 
were adjusted for data source to ensure estimates were inde-
pendent of these inherent differences in time and setting. The 
potential covariate of race/ethnicity was not included in the 
models as this measure was not consistently collected in each 
cohort. The linear mixed effects models were applied to asym-
metric distribution data of the PedsQL scores, with ceiling 

Figure 3  PedsQL Psychosocial Mean Difference Coefficients (Coef) for each predictor. ED, emergency department; SES, socioeconomic status; TBI, 
traumatic brain injury.
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effects, rendering some of the model assumptions violated.44 
We applied a sensitivity analysis, using mixed effects ordinal 
models across five categories of each of the PedsQL scores 
and found generally consistent results with the key predictors 
reported in this manuscript (online supplemental table S4). 
This study reports factors influencing the HRQoL outcomes 
of children and adolescents following injury in high-income 
countries and the patterns may differ in low to middle income 
countries due to the impact of SES, nature of injuries sustained 
and constrained health systems.

CONCLUSION
We used pooled data from multiple longitudinal studies to 
explore predictors of HRQoL over time for children and adoles-
cents recovering from injury. Demographic factors, including sex 
and SES, and injury factors were identified as important predic-
tors of HRQoL. These inequities in HRQoL after injury should 
be considered in childhood injury prevention prioritisation for 
strategic policy and public health programmes. The nature of the 
injury plays an important role in the HRQoL for children and 
adolescents post injury, with the physical and psychosocial func-
tioning post injury differing according to the injury sustained. 
This information may guide the prioritisation of prevention 
efforts, inform health and social service planning to help reduce 
this burden, and help guide future GBD estimates.

What is already known on the subject

	⇒ Injury is a leading contributor to the global disease burden in 
children.

	⇒ Injury places children at risk of long-term adverse impacts on 
their health-related quality of life and development.

	⇒ Previous studies have often been limited to single centres 
and/or subgroups of the population, and longitudinal 
analyses into health-related quality of life outcomes limited 
by sampling and statistical issues, making it difficult to 
produce predictive models with an overall preventative focus.

What this study adds

	⇒ This study has advanced our understanding of the factors 
that influence health-related quality of life following injury in 
children and adolescents.

	⇒ The pooled analysis gave the ability to handle more 
complex models, produce more precise estimates, and cover 
more types of injuries than prior studies, making results 
generalisable.

	⇒ This study found the patterns of recovery of total, physical 
and psychosocial functioning in children and adolescents 
following injury varied with socioeconomic status, sex, intent 
and nature of injury.

	⇒ Findings of this study are important to include in future 
Global Burden of Disease estimates and have the potential 
to guide prioritisation of prevention efforts and inform 
health and social service planning to reduce paediatric injury 
burden.
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Table S1:  Pooled Data Calculation of Socio Economic Status (SES) 

Data source Calculation of SES 

BCCH-LIO Quintiles from QAIPPE which is an area-based measure, 

released by Statistics Canada. 

CHAI Quintiles from a principal component created from 

principal components analysis using income and 

education variables from the CHAI data. 

UKBOI Quintiles from area-based Townsend Deprivation Score 

reversed to reflect higher quintile reflecting higher SES. 

VSTR Quintiles of the Index of Relative Socio-economic 

Advantage and Disadvantage (IRSAD) which is an area-

based measure, released by the Australian Bureau of 

Statistics. 
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Table S2:  GBD 2013 Collapsed Groups 

N33, N34 Spinal cord lesion (yes/no) 

N19, N26 Fracture of femur (yes/no) 

N20 Fracture of patella, tibia, fibula, or ankle (yes/no) 

N28 Moderate to severe traumatic brain injury (yes/no) 

N37, N17, N18 Crush injury, fracture foot/hand bones (yes/no) 

N43 Internal haemorrhage in abdomen or pelvis (yes/no) 

N27 Minor traumatic brain injury (yes/no) 

N21 Fracture of pelvis (yes/no) 

N42 Severe chest Injury (yes/no) 

N8, N9, N10 Burns (including lower airways) (yes/no) 

N25 Fracture of vertebral column (yes/no) 

N35, N36 Asphyxiation, Non-fatal submersion (yes/no) 

N40, N44 Contusion, open wound (yes/no) 

N14 Other injuries of muscle & tendon and other dislocations (yes/no) 

N15 Fracture of clavicle, scapula, or humerus (yes/no) 

N22 Fracture of radius or ulna (yes/no) 

Other (yes/no)* 

*Other included injuries such as amputation of one limb/toe, poisoning, injured nerves, environmental factors, injured 
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Table S3: Comparison of Pooled Cohort Study PedsQL Non-participants (Missing) and Participants (Present)*  

 Missing Present Total N=2436 

Sex    

Male 119 (67.2) 1493 (66.1) 1612 (66.2) 

Female 58 (32.8) 766 (33.9) 824 (33.8) 

Age group    

0-4 years 51 (28.8) 619 (27.4) 670 (27.5) 

5-9 years 38 (21.5) 523 (23.2) 561 (23,0) 

10-14 years 56 (31.6) 754 (33.4) 810 (33.3) 

15-17 years 32 (18.1) 363 (16.1) 395 (16.2) 

Socio Economic Status (SES)    

Low SES 81 (49.4) 823 (38.2) 904 (39.0) 

Moderate SES 56 (34.1) 898 (41.7) 954 (41.1) 

High SES 27 (16.5) 434 (20.1) 461 (19.9) 

Not available 13 104 117 

Country    

VSTR 56 (31.6) 910 (40.3) 966 (39.7) 

CHAI 35 (19.8) 889 (39.4) 924 (37.9) 

UKBOI 16 (9.0) 165 (7.3) 181 (7.4) 

BCCH-LIO 70 (39.5) 295 (13.1) 365 (15.0) 

Transport status    

Non-transport 119 (77.8) 1620 (74.2) 1739 (74.5) 

Transport 34 (22.2) 562 (25.8) 596 (25.5) 

Not available 24 77 101 

Hospital or ED    

ED only 73 (41.2) 880 (39.0) 953 (39.2) 

Hospital admission 104 (58.8) 1377 (61.0) 1481 (60.8) 

Not available - <5 <5 

Comorbidity status    

No comorbidities 158 (89.3) 2033 (90.0) 2191 (89.9) 

At least 1 comorbidity 19 (10.7) 226 (10.0) 245 (10.1) 

Injury Severity Score (ISS) Tertiles    

Low (1-4) 86 (50.9) 957 (43.8) 1043 (44.3) 

Mid (5-16) 38 (22.5) 591 (27.1) 629 (26.7) 

High (17+) 45 (26.6) 635 (29.1) 680 (28.9) 

Not available 8 76 84 

Intent    

Unintentional 149 (84.2%) 2054 (90.9%) 2203 (90.4%) 

Intentional 13 (7.3%) 108 (4.8%) 121 (5.0%) 

Intent not known 15 (8.5%) 97 (4.3%) 112 (4.6%) 

Injury (any)    

N19, N26 Fracture of femur 11 (6.2) 107 (4.7) 118 (4.8) 

N20 Fracture of patella, tibia, fibula, or ankle 6 (3.4) 102 (4.5) 108 (4.4) 

N28 Moderate to severe traumatic brain injury 41 (23.2) 611 (27.0) 652 (26.8) 

N37, N17, N18 Crush injury, fracture foot/hand bones 6 (3.4) 78 (3.5) 84 (3.4) 

N43 Internal hemorrhage in abdomen or pelvis 18 (10.2) 265 (11.7) 283 (11.6) 

N27 Minor traumatic brain injury 16 (9.0) 626 (27.7) 642 (26.4) 

N21 Fracture of pelvis 7 (4.0) 102 (4.5) 109 (4.5) 
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N42 Severe chest Injury 16 (9.0) 193 (8.5) 209 (8.6) 

N8, N9, N10 Burns (including lower airways) 11 (6.2) 52 (2.3) 63 (2.6) 

N25 Fracture of vertebral column 5 (2.8) 104 (4.6) 109 (4.5) 

N35, N36 Asphyxiation, Non-fatal submersion <5 <20 <20 

N40, N44 Contusion, open wound 31 (17.5) 432 (19.1) 463 (19.0) 

N14 Other injuries of muscle & tendon and other dislocations 27 (15.3) 190 (8.4) 217 (8.9) 

N15 Fracture of clavicle, scapula, or humerus 9 (5.1) 218 (9.7) 227 (9.3) 

N22 Fracture of radius or ulna 16 (9.0) 238 (10.5) 254 (10.4) 

Other  68 (38.4) 1003 (44.4) 1071 (44.0) 

Total missing = 7%. *Small bases reduced to ensure privacy.    
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Table S4: PedsQL Ordinal Mixed Effects Models (adjusted for VIBES-Junior cohort) ª 

Model   TOTAL PHYSICAL PSYCHOSOCIAL 

    Adj OR (95%CI) Adj OR (95%CI) Adj OR (95%CI) 

Sex         

Male Ref       

Female   0.78 (0.59,1.05) 0.56 (0.44,0.72) ↓ 0.90 (0.68,1.19) 

Age group         

0-4 years Ref       

5-9 years   0.29 (0.20,0.42) ↓ 0.64 (0.46,0.89) ↓ 0.31 (0.22,0.45) ↓ 

10-14 years   0.22 (0.15,0.32) ↓ 0.38 (0.27,0.53) ↓ 0.27 (0.19,0.39) ↓ 

15-17 years   0.24 (0.15,0.39) ↓ 0.29 (0.20,0.44) ↓ 0.32 (0.20,0.51) ↓ 

SES         

Low SES Ref       

Moderate SES   1.74 (1.27,2.39) ↑ 1.57 (1.20,2.06) ↑ 1.55 (1.15,2.10) ↑ 

High SES   2.76 (1.91,3.99) ↑ 2.22 (1.61,3.06) ↑ 2.22 (1.55,3.19) ↑ 

Mechanism         

Non-transport Ref       

Transport   0.57 (0.39,0.85) ↓ 0.58 (0.42,0.80) ↓ 0.58 (0.40,0.86) ↓ 

Hospital status         

ED only Ref       

Hospital admission   1.10 (0.67,1.80) 0.84 (0.56,1.26) 1.30 (0.80,2.10) 

Comorbidity status         

At least 1 comorbidity   0.24 (0.14,0.42) ↓ 0.28 (0.17,0.47) ↓ 0.30 (0.18,0.50) ↓ 

ISS Tertiles         

Low (<5) Ref       

Mid (5-16)   0.87 (0.50,1.51) 1.18 (0.76,1.84) 0.78 (0.46,1.30) 

High (17+)   1.00 (0.52,1.95) 1.25 (0.72,2.18) 1.02 (0.55,1.90) 

Intent         

Not intentional Ref       

Intentional   0.33 (0.14,0.79) ↓ 0.50 (0.25,1.00) 0.35 (0.16,0.74) ↓ 

Intent not known   0.54 (0.19,1.48) 1.16 (0.46,2.90) 0.77 (0.30,1.97) 

Time         

1 Month Ref       

3,4 Months   7.68 (5.22,11.29) ↑ 8.10 (5.38,12.20) ↑ 3.90 (2.81,5.43) ↑ 

6 Months   3.82 (2.59,5.65) ↑ 5.48 (3.62,8.28) ↑ 2.69 (1.91,3.80) ↑ 

12 Months   8.23 (5.67,11.94) ↑ 11.98 (7.98,17.96) ↑ 4.05 (2.94,5.58) ↑ 

24 Months   9.18 (6.23,13.52) ↑ 13.78 (9.08,20.92) ↑ 4.64 (3.31,6.51) ↑ 
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Injury (Any)         

N33, N34 Spinal cord lesion   0.08 (0.02,0.29) ↓ 0.07 (0.02,0.27) ↓ 0.10 (0.03,0.35) ↓ 

N19, N26 Fracture of femur   0.51 (0.27,0.96) ↓ 0.29 (0.16,0.53) ↓ 0.92 (0.50,1.69) 

N20 Fracture of patella, tibia, fibula, or ankle   0.33 (0.16,0.66) ↓ 0.25 (0.14,0.46) ↓ 0.45 (0.22,0.88) ↓ 

N28 Moderate to severe traumatic brain injury   0.57 (0.37,0.89) ↓ 0.77 (0.53,1.12) 0.57 (0.38,0.88) ↓ 

N37, N17, N18 Crush injury, fracture foot/hand bones   0.68 (0.30,1.53) 0.92 (0.43,1.95) 0.69 (0.32,1.48) 

N43 Internal haemorrhage in abdomen or pelvis   0.95 (0.56,1.61) 1.02 (0.64,1.62) 1.00 (0.61,1.65) 

N27 Minor traumatic brain injury   0.78 (0.56,1.10) 0.80 (0.60,1.05) 0.76 (0.54,1.05) 

N21 Fracture of pelvis   0.44 (0.21,0.92) ↓ 0.30 (0.16,0.58) ↓ 0.63 (0.33,1.21) 

N42 Severe chest Injury   0.50 (0.29,0.86) ↓ 0.65 (0.41,1.04) 0.55 (0.32,0.92) ↓ 

N8, N9, N10 Burns (including lower airways)   0.38 (0.13,1.15) 0.32 (0.13,0.81) ↓ 0.53 (0.20,1.38) 

N25 Fracture of vertebral column   0.37 (0.18,0.77) ↓ 0.43 (0.23,0.84) ↓ 0.43 (0.22,0.83) ↓ 

N35, N36 Asphyxiation, Non-fatal submersion   0.08 (0.02,0.38) ↓ 0.46 (0.12,1.71) 0.11 (0.03,0.42) ↓ 

N40, N44 Contusion, open wound   1.02 (0.71,1.46) 1.20 (0.89,1.61) 0.92 (0.64,1.31) 

N14 Other injuries of muscle & tendon & other dislocations   0.52 (0.31,0.88) ↓ 0.61 (0.38,0.96) ↓ 0.54 (0.32,0.91) ↓ 

N15 Fracture of clavicle, scapula, or humerus   0.77 (0.49,1.21) 0.71 (0.49,1.02) 0.70 (0.45,1.09) 

N22 Fracture of radius or ulna   0.78 (0.49,1.24) 0.70 (0.48,1.04) 0.81 (0.51,1.26) 

Other injuries   0.55 (0.39,0.78) ↓ 0.68 (0.51,0.91) ↓ 0.53 (0.38,0.74) ↓ 

Number of Observations - 4,952 5,296 2,263 

Number of Groups - 1,963 2,.038 2,038 

General Linear Model (GLM) mixed effects ordinal logistic models with random intercepts for participants and robust standard errors, 

adjusted for VIBES-Junior cohort. PedsQL scores across time points initially categorised into three, four and five groups. Five group model 

chosen (0-<70, 70-<85, 85-<90, 90-<100, 100) to reveal the time variation between participants with mid to high PedsQL scores and score 

of 100. Model accounts for the ceiling/floor effects of the ordinal outcome and allows response variables with different distributions. 

ªSignificant results in bold. Adj.=Adjusted; OR=Odds Ratio. ^Injury groupings based on GBD 2013 classifications with reference = Not 

have injury type, and the order was based on GBD 2013 order. Shaded cell indicates different result to linear mixed effects model. ↓ refers 

to significantly lower odds of high PedsQL score compared to the reference, ↑ refers to significantly higher odds of high PedsQL score 

compared to the reference.  
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