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World Health Organisation (WHO)

• Injury is a leading contributor to the global disease burden in children, placing them at risk of 
long-term adverse impacts on their health-related quality of life (HRQoL)

• In 2016, WHO estimated that over 640,855 children under 15 years of age died due to an 
injury and between 10 to 30 million suffered a non-fatal injury

WHO Child Injury. http://www.who.int/violence_injury_prevention/child/injury/en/

• Injuries impact on health systems 

• Affects society at large, families, individuals and their quality of life

• Regardless of country's income, children from lower socioeconomic status are at highest risk

Preventing Childhood Injuries (WHO)
https://www.who.int/europe/activities/preventing-child-injuries

Background



• Patterns of injuries (and recovery) in children differ to adults:

• Mechanism of injury

• Pattern of injury

• Childhood history

• Examination and management of the injury

• Methods used to estimate burden do not account for differences in patterns of injury and recovery 
between children and adults

• Need more empirical data on postinjury disability in children to derive valid disability weights and 
describe the long-term individual and societal impacts of injury in the early part of life

The VIBES-Junior Study

• The aim of the VIBES-Junior study is to establish valid estimates of the burden of non-fatal injury in 
children and adolescents

Preventing Childhood Injuries (WHO)
https://www.who.int/europe/activities/preventing-child-injuries

Background

Ethics : Project approved by the Monash University Human Research Ethics Committee (project number 12311) and was conducted in compliance with the NHMRC 
National Statement on Ethical Conduct in Human Research (2007)—Updated 2018 and the ICH Guideline for Good Clinical Practice E6(R2).



Data: 5 International cohorts in pooled analysis

• Australia: 

• The Victorian State Trauma Registry (VSTR) 

• Population-based trauma registry that captures data about all major trauma patients in the state of Victoria in Australia 

• The Victorian Orthopedic Trauma Outcomes Registry (VOTOR)

• Clinical registry of orthopedic injuries, treatment, complications and outcomes based on admissions to four Australian 
centres

• United States of America:

• The US Children’s Health After Injury (CHAI) study 

• Children with mild, moderate and severe traumatic brain injury (TBI) or with upper extremity injuries who presented to a 
set of US hospitals

• United Kingdom:

• The United Kingdom Burden of Injury (UKBOI) 

• Injured individuals with children recruited from emergency department (ED) presentations and hospital admissions in 
four UK centers

• Canada:

• The British Columbia Children’s Hospital Longitudinal Injury Outcomes (BCCH-LIO) study 

• Children who attended the British Columbia Children’s Hospital in Canada for an injury

• Data integration procedures were documented using DIPIT Protocol (i.e. Table of 10 steps)

Preventing Childhood Injuries (WHO)
https://www.who.int/europe/activities/preventing-child-injuries

Data



Preventing Childhood Injuries (WHO)
https://www.who.int/europe/activities/preventing-child-injuries

Data



Demographics

• Baseline measures:

• Sex 
• Male, female

• Three age groups to align with the World Health Organization (WHO) classification within 
the age band of our pooled cohort 

• 5–9 years, 10–14 years, 15–17 years

• Measure of socio-economic status (SES) collapsed from quintiles into tertiles (low, 
moderate, high)

• Challenge:  SES differed

• Australia: Quintiles of the Index of Relative Socio-economic Advantage and Disadvantage (IRSAD) area-based 
measure released by the Australian Bureau of Statistics; 

• USA: Quintiles created from principal components analysis using income and education variables

• UK: Quintiles from Townsend Deprivation Score reversed so that higher quintiles reflect higher SES;

• Canada: Initially contained quintiles Quintile of Annual Income Per Person Equivalent (QAIPPE) area-based 
measure released by Statistics Canada. 

Preventing Childhood Injuries (WHO)
https://www.who.int/europe/activities/preventing-child-injuries

Measures



Injury

• Mechanism of injury was dichotomized:

• Transport injuries (motor vehicle occupant, pedestrian, or on a motorcycle or bicycle) 

• Non-transport injuries (falls, struck by/against an object or person, and other mechanisms)

• Challenge: Inclusion criteria differed where some did/did not include ED admission:

• So included a Emergency Department (ED) / Hospital admission measure:

• 0 for ED presentation and discharge

• 1 = Hospital admission

• Injury Severity Score (ISS) is the most widely used to assess trauma severity collapsed into tertiles for each cohort

• Low, Mid, High

• Intent of injury was grouped into three groups:

• Intentional (including self-harm, maltreatment and interpersonal violence, 

• Unintentional

• Intent not known

Preventing Childhood Injuries (WHO)
https://www.who.int/europe/activities/preventing-child-injuries

Measures



Comorbidities

• Comorbidities present at the time of injury was based on the 27 health 
conditions described by Mitchell et al. and were collapse into two groups

• No comorbidities 

• ≥1 comorbidities
Mitchell, R.J.; Curtis, K.; Braithwaite, J. Health outcomes and costs for injured young people hospitalised with and without chronic health 

conditions. Injury 2017, 48, 1776–1783.

Diagnoses

• Challenge: Diagnoses and external cause codes were classified using 
different International Classification of Disease (ICD) so used ICD-10:

• Australia, UK & Canada: ICD 10th Revision (ICD-10)

• USA: ICD 9th Revision (ICD-9) mapped to the ICD-10

• All diagnosis codes were then mapped to the 2013 Global Burden of 
Disease (GBD) study injury health states

Preventing Childhood Injuries (WHO)
https://www.who.int/europe/activities/preventing-child-injuries

Measures



• Contained tables related to injury health state classifications to enable cross-walking from the ICD-10 codes to the 
GBD injury groups

• GBD 2013 Injury groups were in order of severity and collapsed into 17 binary variables indicating the presence or 
absence of that injury

Preventing Childhood Injuries (WHO)
https://www.who.int/europe/activities/preventing-child-injuries

GBD 2013 Study

GBD 2013 Injury Groups

1. Spinal cord lesion
2. Fracture of femur
3. Fracture of patella, tibia, fibula, or ankle
4. Moderate to severe TBI
5. Crush injury, fracture foot/hand bones
6. Internal hemorrhage in abdomen or pelvis
7. Minor TBI
8. Fracture of pelvis
9. Severe chest injury

10. Burns (including lower airways)
11. Fracture of vertebral column
12. Asphyxiation, non-fatal submersion
13. Contusion, open wound
14. Other injuries of muscle & tendon and other dislocations
15. Fracture of clavicle, scapula, or humerus
16. Fracture of radius or ulna
17. Other. (I.e. included injuries such as amputation of one 

limb/toe, poisoning, injured nerves, environmental factors, 
injured nerves, dislocation of shoulder/hip/knee, fracture of 
ribs/sternum/skull/face bone, foreign body in 
ear/gastrointestinal or urogenital system, superficial injury, 
and injury to eyes)



Outcome Measure

• Generic and easily administered multi-attribute utility instruments such as the EUROQOL 5 Dimension (EQ-
5D) have been used for both recovery and health economic analyses

Overall EQ-5D utility score

• Score derived according to a set of weights (country specific) that reflect, on average, people’s preferences 
about how good or bad the health state is

• Values are anchored at 1 (full health) and 0 (a state as bad as being dead) as required by their use in 
economic evaluation

• Negative values represent health states regarded as “worse than a state that is as bad as being dead”

• Challenge:  Australia, UK & Canada: Collected the EQ-5D outcomes at multiple time points after injury but 
USA: Collected the Pediatric Quality of Life Inventory (PedsQL) 

• Responses to these questions were mapped to the EQ-5D using the algorithm developed by Khan et al.
Khan, K.A.; Petrou, S.; Rivero-Arias, O.; Walters, S.J.; Boyle, S.E. Mapping EQ-5D utility scores from the PedsQL™ generic core scales. 
Pharmacoeconomics 2014, 32, 693–706.

• Challenge: Country-specific weights - needed to develop own Stata program (i.e. ado) for to provide the, 
then, recent Australian weights

Preventing Childhood Injuries (WHO)
https://www.who.int/europe/activities/preventing-child-injuries

Outcomes



Three-level EQ-5D scale (EQ-5D-3L) 

• Three level measure: No problems, Some problems, Extreme problems

• Five health states measured:

1. Mobility  

2. Self-care   

3. Activity   

4. Pain  

5. Anxiety & Depression

• Challenge: Due to low frequency across the three categories a binary measure was created: 

• 1 = No problems 

• 0 = Problems (some/extreme)

• Challenge: 

• As there was no map available of the individual EQ-5D-3L health state questions from the PedsQL, the US 
cohort was excluded from this analysis

Preventing Childhood Injuries (WHO)
https://www.who.int/europe/activities/preventing-child-injuries

Outcomes



• Missing data on the covariates included in the models was quantified and found to be acceptable at <5%
Tabachnick, B.G.; Fidell, L.S. Using Multivariate Statistics, 6th ed.; Pearson: Boston, MA, USA, 2013.Newman, D.A. Missing data: Five practical guidelines. 
Organ. Res. Methods 2014, 17, 372–411

• Mixed Effects (ME) linear regression modelled EQ-5D utility

• Estimated average EQ-5D and 95% CI

• ME modified Poisson modelled the five binary EQ-5D health state items 

• Estimated relative risks (RR) and 95%CI for each binary outcome
Zou, G. A modified poisson regression approach to prospective studies with binary data. Am. J. Epidemiol. 2004, 159, 702–706

• Predicted margins across time estimated and graphed

• ME regression models uses as has been shown to be flexible in handling missing data compared to using 
multiple imputation which has been found to potentially produce unstable results 

Twisk, J.; de Boer, M.; de Vente, W.; Heymans, M. Multiple imputation of missing values was not necessary before performing a longitudinal mixed-model 
analysis. J. Clin. Epidemiol. 2013, 66, 1022–1028

• Time was treated as a discrete categorical variable in the models, requiring no assumptions to be made about 
its mathematical function

Models

Preventing Childhood Injuries (WHO)
https://www.who.int/europe/activities/preventing-child-injuries

ME linear example:
𝑦 = 𝑋𝛽 + 𝑍𝑢+ ϵ



Preventing Childhood Injuries (WHO)
https://www.who.int/europe/activities/preventing-child-injuries

Management

Storage:

• All data was stored in the Monash Safe eResearch Platform (SeRP)
• Restricted access based on ethics approval
• Secure separate study drive to store study data

• Analysis performed in user drive so that study data kept separate

Stata Projects & Do Files:

• Stata V16 was used to manage the data and run the analysis and ensure reproducibility
• A VIBES-Junior Stata Project file was set up for the data management

• folders were set up to indicate:
• Stages of each cohort preparation

• Pooling of cohort data

• Stages of analysis

• Do files were grouped and numbered accordingly



Preventing Childhood Injuries (WHO)
https://www.who.int/europe/activities/preventing-child-injuries

Storage

Project Drive P:\
• Restricted (read)
• Secure

User Drive U:\
• Read/write
• Personal



Preventing Childhood Injuries (WHO)
https://www.who.int/europe/activities/preventing-child-injuries

Projects & Do Files



Preventing Childhood Injuries (WHO)
https://www.who.int/europe/activities/preventing-child-injuries

Projects & Do Files



• 2,334 children and adolescents were included in the pooled analysis 

• Majority male (73%) 

• Mean age of 13.6 years (SD = 3.5)

• 62% from moderate to high SES

• 63% had a non-transport related injury 

• 73% had a hospital admission 

• 92% had no comorbidities recorded at the time of their injury

Preventing Childhood Injuries (WHO)
https://www.who.int/europe/activities/preventing-child-injuries
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• HRQoL outcomes over time for children and adolescents post-injury differed across key demographic and injury 
related attributes

• HRQoL did not reach levels consistent with full health by 24 months with recovery plateauing from 6 to 24 months

• Tailored interventions are required to respond to the varying post-injury recovery trajectories in this population

• Systematic management procedures and use of Stata projects, structured do files make it easy to 

• Manage the complexities of pooling different cohort data

• Replicate the results of this complex study

• Refer to article for extended Discussion including strengths and limitations

Preventing Childhood Injuries (WHO)
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Conclusion
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