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Adolescent transport and unintentional injuries:
a systematic analysis using the Global Burden of Disease
Study 2019

GBD 2019 Adolescent Transport and Unintentional Injuries Collaborators*

Summary
Background Globally, transport and unintentional injuries persist as leading preventable causes of mortality and  Lancet Public Health 2022
morbidity for adolescents. We sought to report comprehensive trends in injury-related mortality and morbidity for
adolescents aged 10-24 years during the past three decades.
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Methods Using the Global Burden of Disease, Injuries, and Risk Factors 2019 Study, we analysed mortality and 52468-2007(22)00134-7

disability-adjusted life-years (DALYs) attributed to transport and unintentional injuries for adolescents in 204 countries.
Burden is reported in absolute numbers and age-standardised rates per 100 000 population by sex, age group (10-14,
15-19, and 20-24 years), and sociodemographic index (SDI) with 95% uncertainty intervals (Uls). We report
percentage changes in deaths and DALYs between 1990 and 2019.
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Findings In 2019, 369 061 deaths (of which 214337 [58%] were transport related) and 31-1 million DALYs (of which
16-2 million [52%] were transport related) among adolescents aged 10-24 years were caused by transport and
unintentional injuries combined. If compared with other causes, transport and unintentional injuries combined
accounted for 25% of deaths and 14% of DALYs in 2019, and showed little improvement from 1990 when such injuries
accounted for 26% of adolescent deaths and 17% of adolescent DALYs. Throughout adolescence, transport and
unintentional injury fatality rates increased by age group. The unintentional injury burden was higher among males
than females for all injury types, except for injuries related to fire, heat, and hot substances, or to adverse effects of
medical treatment. From 1990 to 2019, global mortality rates declined by 34-4% (from 17-5 to 11-5 per 100 000) for
transport injuries, and by 47-7% (from 15-9 to 8-3 per 100000) for unintentional injuries. However, in low-SDI
nations the absolute number of deaths increased (by 80-5% to 42774 for transport injuries and by 39-4% to 31961 for
unintentional injuries). In the high-SDI quintile in 2010-19, the rate per 100000 of transport injury DALYs was
reduced by 16-7%, from 838 in 2010 to 699 in 2019. This was a substantially slower pace of reduction compared with
the 48-5% reduction between 1990 and 2010, from 1626 per 100000 in 1990 to 838 per 100000 in 2010. Between 2010
and 2019, the rate of unintentional injury DALYs per 100000 also remained largely unchanged in high-SDI countries
(555 in 2010 vs 554 in 2019; 0-2% reduction). The number and rate of adolescent deaths and DALYs owing to
environmental heat and cold exposure increased for the high-SDI quintile during 2010-19.

Interpretation As other causes of mortality are addressed, inadequate progress in reducing transport and unintentional
injury mortality as a proportion of adolescent deaths becomes apparent. The relative shift in the burden of injury
from high-SDI countries to low and low-middle-SDI countries necessitates focused action, including global donor,
government, and industry investment in injury prevention. The persisting burden of DALYs related to transport and
unintentional injuries indicates a need to prioritise innovative measures for the primary prevention of adolescent

injury.
Funding Bill & Melinda Gates Foundation.
Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction disability-adjusted life-years (DALYs) for all ages were
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Injuries are a substantial yet neglected cause of mortality,
and the millions of injury-related deaths that occur each
year reflect large disparities in terms of gender, race, and
socioeconomic  status.”” Among adolescents (age
10-24 years), injuries are the leading cause of death,
claiming more lives than communicable or non-
communicable diseases, nutritional or maternal health
causes, or self-harm.’ Injuries also cause substantial disa-
bility globally. In 2019, the leading causes of injury-related

road injuries (ranked 7th) and falls (ranked 21st), and for
adolescents the leading causes were road-injuries (ranked
1st), with falls ranked 22nd and drowning ranked 23rd
(compared with 46th for all ages; for definitions, see the
appendix p 1).*

Despite the potential lifelong effect of injuries
(including those to the brain) acquired in adolescence
on future health and wellbeing, physical mobility,
education, and employment, there has also been far
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Research in context

Evidence before this study

We searched PubMed and Embase on Dec 15, 2021 for studies
published in English between Jan 1, 1990 and Dec 31, 2019,
which explored transport injury, unintentional injury, or both,
burden among adolescents from a global perspective. We used
the search terms injur* AND (“transport” OR unintentional)
AND (“death” OR “mortality” OR “morbidity” OR “disability”)
AND (“adolescen*” or “young people”) AND (“global” OR
“world” OR “international”). Despite injuries being the leading
cause of death in adolescents globally, and a life phase where
injury deaths and Disability Adjusted Life Years (DALYs) change
markedly, there is a striking absence of focus on adolescent
injury in the published literature to now. Although we found
adolescent-specific global research exploring all-cause mortality
and progress in health and wellbeing indicators, these did not
disaggregate injury by specific mechanism or intent. We also
found several publications from the Global Burden of Disease
Study 2017 reporting injury morbidity and mortality across the
life course and the impact of sociodemographic index (SDI) on
all-age injury-related DALYs, but these did not focus on
adolescents. Other identified studies included a location, injury
mechanism, or age-group focus, but we did not identify any
studies that explored transport and unintentional injury
mortality and morbidity among adolescents globally.

Added value of this study

To the best of our knowledge, this is the first comprehensive
global analysis of transport and unintentional injury-related
morbidity and mortality among adolescents aged 10-24 years.
This study provides insight into trends and pace of change in
cause-specific injury mortality and morbidity by country, sex,
and age band. As such, this study identifies both areas of
success and challenges regarding the reduction of injury-related

less focus on disability attributed to injury in
adolescents than in younger children and adults.’*
Patterns of injury in adolescents differ from those in
younger age groups, and adolescence represents a
developmental transition point for injury risk, owing to
factors such as increased independence and elevated
tendencies towards risk-taking.*”® However, until now,
no study has systematically examined patterns of injury
in this specific age group.

Adolescence is a neglected life stage, in terms of both
injury prevention and other related aspects of health,
such as the risk of physical and cognitive injury
associated with adolescent undernutrition,’ rising rates
of antimicrobial resistance affecting recovery from
traumatic injury, and the poor viability of anti-venom
therapies in adolescents." Injuries are preventable, and
investment in the prevention of injury-related harms for
adolescents will enhance health and wellbeing, improve
socioeconomic growth and development, and contribute
towards the achievement of the UN Sustainable

harms within this age group. We found reductions in transport
and unintentional injury fatalities in most SDI quintiles, but
there have been large increases in the absolute number of
transport and unintentional injury fatalities in low-SDI
countries, particularly in those aged 20-24 years. Reductions in
unintentional injury DALY rates for adolescents all but ceased in
high-SDI countries between 2010 and 2019 if compared with
progress made between 1990 and 2010.

Implications of all the available evidence

Transport and unintentional injury-related harms constitute a
substantial disease burden in adolescents. Although progress
has been made in reducing the rate of transport and
unintentional injury deaths and DALYs in adolescents, this
progress conceals concerning trends. Increasing absolute
numbers of injury-related deaths and DALYs in low-SDI nations
indicate a growing population of adolescents at risk of injury.
Stalled progress in reducing injury in adolescents in high-SDI
nations, requires an increased commitment and new
approaches. Globally, a focus on primary and secondary
prevention of injury is required to reduce both deaths and
disability, particularly for high-lethality injuries such as
drowning. The irregular but devastating injury burden owing to
forces of nature and increasing deaths and DALYs for injuries
related to environmental heat and cold exposure in high-SDI
nations in 2010-19 are further evidence of the need for
investment in disaster risk reduction strategies and action on
climate change. Injuries are highly preventable and yet there is a
complete absence of investment in the prevention of injury-
related harms for adolescents from global donors, particularly
in the context of the shifting burden of injury in low-SDI and
low-middle-SDI countries.

Development Goals (SDGs).” Beyond the health and
wellbeing goal (SDG 3) and two specific road safety
targets (SDG 3.6 and SDG 11.2), strategies to reduce
injury risk could have substantial effects on the
realisation of SDG targets, such as SDG 10 (reduced
inequalities), SDG 5 (gender equality), and SDG 11
(sustainable cities and communities).”

Investments to prevent injury-related harms in
adolescents require a detailed understanding of the
type of injuries involved, and how the rates and
numbers of fatal and non-fatal injuries vary over time
and by geography and country-level income. The aim
of this study was to describe the pattern of mortality
and morbidity from transport injuries and unin-
tentional injuries in adolescents and to report trends
between 1990 and 2019 using the Global Burden of
Diseases, Injuries and Risk Factors (GBD) Study 2019.
This Article was produced as part of the GBD
Collaborator Network and in accordance with the GBD
protocol.
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Methods

Participants, study design, and data sources

We defined adolescence as age 10-24 years to reflect
adolescent growth and popular understandings of this
life phase.*

The methods for the GBD study,* including the burden
of injuries,” have been published elsewhere. In brief, the
GBD study is a comprehensive assessment providing time
trends for a mutually exclusive and collectively exhaustive
list of diseases and injuries. GBD 2019 estimated the
incidence, prevalence, mortality, years of life lost (YLLs),
years lived with disability (YLDs), and DALYs that were
caused by 369 diseases and injuries across 204 countries
and territories.* GBD input data have been extracted from
a wide range of sources, including censuses and household
surveys, civil registration and vital statistics, disease
registries, data for health-service use, air-pollution
monitors, satellite imaging, and disease notifications.*

Injuries are one of three broad categories of causes of
death and injury used in the GBD hierarchy, the others
being non-communicable diseases, and the group of
communicable, maternal, neonatal, and nutritional
diseases (appendix pp 1-4).” Case definitions for injury,
including the International Classification of Diseases
(ICD) external cause codes used to identify injury, are in
the appendix (pp 1-4).

GBD 2019 complies with the Guidelines for Accurate
and Transparent Health Estimates Reporting (GATHER)
statement.”

Data inclusions for injury

Outcome measures were the absolute numbers and rates
per 100000 of deaths and DALYs. From the GBD Study
hierarchy of injury cause codes, we downloaded the
transport injuries group (C.1), which is further delineated
into road injuries or other transport injuries, and the
unintentional injury grouping (C.2), which is further
delineated into the following mechanisms: falls;
drowning; fire, heat, and hot substances; poisoning;
exposure to mechanical forces; adverse effects of medical
treatment; animal contact; foreign body; environmental
heat and cold exposure; exposure to forces of nature; and
other unintentional injuries (appendix pp 1-4). Where
possible, further disaggregation to level 4 of the hierarchy
is provided for road injuries and selected unintentional
injury mechanisms (eg, animal contact is further
delineated into venomous-animal contact and non-
venomous-animal contact; appendix pp 1-4). Injuries
caused by self-harm, interpersonal violence, conflict,
terrorism, execution, and police conflict were excluded.

Data variables

Our analysis was stratified by sex, 5-year age group
(10-14 years, 15-19 years, and 20-24 years), country, and
sociodemographic index (SDI; a summary indicator of
social and economic conditions that are strongly
correlated with health outcomes).* The derivation of SDIs

has been described in detail elsewhere.” We used a
country’s 2019 SDI throughout this study (appendix
pp 5-9). SDIs are grouped into quintiles for analysis: low,
low—middle, middle, middle-high, and high.

Data analysis

All the GBD 2019 data for this study were from http://
ghdx.healthdata.org/gbd-results-tool and imported into
Stata (version 16.1). Absolute numbers and age-
standardised rates per 100000 population for deaths and
DALYs were downloaded by sex, age group, injury
mechanism, and SDI, alongside 95% uncertainty
intervals (Uls). Trends over time comprised the
percentage change in absolute numbers and rates
between 1990 and 2019. Additionally, we reported the
pace of change across the two predefined GBD time
periods: 1990-2010 and 2010-2019. Exposure to forces of
nature has shown extreme variation between years
(appendix p 48), so quantifying change as simply the
differences between 1990 and 2010 and 2019, was not
meaningful given the extreme spike of deaths and DALYs
in 2010, therefore change on this individual cause has
not been reported. The percentage-change graph for this
mechanism is in the appendix (p 48) for completeness.

Role of the funding source

The funders of this study had no role in study design,
data collection, data analysis, data interpretation, writing
of the manuscript, or decision to submit.

Results

The GBD Study reported that in 1990, for adolescents
globally, transport and unintentional injuries accounted
for 518005 (26-4%) of 1963681 deaths and 41814820
(17-1%) of 244507616 DALYs, whereas in 2019, they
accounted for 369061 (24-8%) of 1490988 deaths and
31121600 (13-6%) of 229251808 DALYs (table 1). Of
these, in 1990, 271772 (13-8%) of 1963681 deaths were
caused by transport injuries, whereas in 2019, the absolute
number of these had decreased to 214337, although these
deaths accounted for an increased proportion of all-cause
mortality (14-4%). The proportion of global transport
injury deaths occurring in low-SDI and low-middle-SDI
countries combined increased from 74713 (27-5%) of
271772 deaths in 1990 to 100102 (46-7%) of 214337 deaths
in 2019. From 1990 to 2019, transport injury DALYs
declined globally, whereas increases were reported in low-
SDI and low-middle-SDI countries (table 1).

In 2019, transport injuries represented a fatality rate
of 11-5 (95% UI 10-4 to 12-6) per 100000 and transport
injury death rates have declined by —34-4% (—41-4 to
—27-9) from 17-5 to 11-5 per 100000 since 1990. DALYs
owing to transport injuries amounted to 16-2 million
(95% Ul 14-7 million to 17-8 million), a rate of 871-9 per
100000 (789-9 to 965-5). Transport injury DALY rates per
100000 have declined globally by 33-3% (95% UI
~39.9 to —27-4) since 1990 (table 2).
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All causes for Transport and unintentional Transport injuries in adolescents Unintentional injuries in adolescents
adolescents injuries combined in adolescents
n n % all causes in n % all causes in % transport n % all causes in % unintentional
adolescents adolescents injury by SDI adolescents  injury by SDI
quintile quintile
Deaths
All
1990 1963681 518005 26:4% 271772 13-8% 100-0% 246233 12:5% 100-0%
2019 1490988 369061  24-8% 214337 14-4% 100-0% 154725 10-4% 100-0%
High SDI
1990 113745 54913  483% 41019 361% 15-1% 13894 12:2% 5-6%
2019 64923 21963  33-8% 16611 25:6% 7-8% 5351 82% 3-5%
Middle-high SDI
1990 251965 95461  37:9% 52976 21-0% 19-5% 42485 16-9% 17-3%
2019 120481 44071 36:6% 26776 22:2% 12:5% 17295 14-4% 11-2%
Middle SDI
1990 607343 202796  33:4% 102886 16-9% 37-9% 99910 16-5% 40-6%
2019 375556 116146  30:9% 70690 18-8% 33:0% 45456 12:1% 29-4%
Low-middle SDI
1990 630671 117900  187% 51012 81% 18-8% 66888 10-6% 272%
2019 500856 111876  22:3% 57328 11-4% 267% 54548 10-9% 35:3%
Low SDI
1990 358885 46629  13:0% 23701 6-6% 87% 22928 6:4% 9-3%
2019 428154 74736 17-5% 42774 10-0% 20-0% 31961 7-5% 20-7%
Disability-adjusted life-years
All
1990 244507616 41814820 17-1% 20244278 83% 100-0% 21570542 8-8% 100-0%
2019 229251808 31121600  13-6% 16233631 71% 100-0% 14887970 6:5% 100-0%
High SDI
1990 21375098 4645680  21.7% 2982541 14-0% 14-7% 1663139 7-8% 77%
2019 18187918 2199400 12-1% 1226415 67% 7-6% 972985 53% 6:5%
Middle-high SDI
1990 36678524 7918213  21.6% 3937569 10:7% 19-5% 3980644 10-9% 18:5%
2019 24068040 3871488  161% 2014784 8-4% 12-4% 1856704 7-7% 12.5%
Middle SDI
1990 77226048 15901807  20:6% 7582829 9-8% 37:5% 8318978 10-8% 38-6%
2019 60399016 9475380  157% 5252382 87% 32:4% 4222999 7-:0% 28-4%
Low-middle SDI
1990 70408216 9519718  13.5% 3905194 5-5% 19-:3% 5614524 8-0% 26-0%
2019 69492544 9282480  134% 4433812 6-4% 27-3% 4848669 7-:0% 32:6%
Low SDI
1990 38683968 3804800 9-8% 1823110 47% 9-0% 1981690 51% 9-2%
2019 56954928 6269259 11.0% 3294650 5-8% 20-3% 2974610 52% 20-0%
Data are n or %. SDI=socio-demographic index.
Table 1: Number and proportion of adolescent deaths and disability-adjusted life-years by SDIin 1990 and 2019

If assessed against SDI, the absolute number of
transport injuries has declined in the middle and upper
two SDI quintiles, but has increased in the low-middle-
SDI and low-SDI quintiles; with an increase of 80-5%
(95% Ul 53-4 to 113-3), from 23701 deaths to
42774 deaths in low-SDI countries. These increases in
fatal transport injuries in low-middle-SDI countries
were driven largely by increased absolute numbers of

road injuries (13-9% [95% UI —1-0 to 30-0]). In low-SDI
countries, there were large increases in the absolute
numbers of both road injuries (81-6% [95% UI
53-1 to 114-6) and other transport injuries (66-8%
[95% UI 33-9 to 103-9]; appendix pp 10-11). Absolute
numbers of transport injury DALYs have also increased
in low-middle-SDI and low-SDI countries (appendix
pp 12-13). The breakdown of road injury deaths into
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Absolute number of adolescent injury-

related burden in 2019 (95% UI)

Percentage change in
number of adolescents,
1990-2019 (95% Ul)

Number of
adolescents per

100 000 population,
2019 (95% Ul)

Percentage change in
number of adolescents
per100 000 population,
1990-2019 (95% Ul)

Deaths
Transport injuries

Road injuries

Other transport injuries
Unintentional injuries

Adverse effects of medical
treatment

Animal contact
Drowning

Environmental heat and
cold exposure

Exposure to forces of nature

Exposure to mechanical
forces

Falls

Fire, heat, and hot
substances

Foreign body

Poisonings

Other unintentional injuries
Disability-adjusted life-years
Transport injuries

Road injuries

Other transport injuries
Unintentional injuries

Adverse effects of medical
treatment

Animal contact
Drowning

Environmental heat and
cold exposure

Exposure to forces of nature

Exposure to mechanical
forces

Falls

Fire, heat, and hot
substances

Foreign body
Poisonings

Other unintentional injuries

214337 (192798 to 235 285)
200113 (180274 t0 220 461)
14224 (11910 t0 16 203)
154725 (136 607 to 172 673)
5341 (4160 to 6583)

13552 (8975t017062)
45391 (41069 to 50 616)
2123 (1261 to 2628)

1565 (1421to 1722)
16721 (13470t019568)

23774 (20315t0 27097)
12527 (8641t0 16 754)

6737 (6088 to 7517)
8755 (7293 to 9865)
18238 (14110t0 20692)

16233631 (14706 076 to 17 809 534)
15110183 (13667679 to 16591 872)
1123448 (959314 t0 1278037)
14887970 (12988833 to 16 873351)
393423 (311539 t0 479 087)

1112804 (787384 t0 1385295)
3271033 (2959200 to 3645 410)
311482 (240031 t0 396 449)

233717 (18754010 301272)
1811505 (1482152 t0 2188792)

3303744 (2701281 t0 4029 961)
1226401 (914069 to 1581 956)

765234 (644476 t0 922981)
696767 (597906 to 779 864)
1761860 (1434188102068 144)

Data are n (95% Ul) or % (95% Ul). Ul=uncertainty interval.

-21:1% (-29-5to -13-3)
-21-4% (-29-8to -13'5)
-17-6% (-28-0to -5-4)
-37-2% (-42-7 t0-30-2)
-23-5% (-33-6 to -7-6)

-16-0% (327 t0 24-7)
-50-4% (-55-6 to -44-2)
-47-0% (-54-9t0-39-1)

-87-8% (-87-8 t0 -87-8)
-28-8% (-41-4t0-14-6)

-16-0% (-28-9t0-0-8)
~24-0% (-42-4t010-1)

-2.8% (-13-0t0 71)
-30:3% (-41-5t0-20-5)
-32:6% (457 t0 -20-7)

-19-8% (-27-8 t0-12-7)
-20-1% (-28-3t0-12:9)
-16:4% (-25-9to-5-4)
-31.0% (-36-2 to -24-9)
-22.5% (-32-8to-7-2)

-15-4% (-30-4 0 19.9)
-507% (-55-9 to -44-7)
-29:9% (-36:0t0 -23-3)

-76:3% (-79-9t0 -70-7)
-22:2% (325 t0-12°5)

-8-4% (-16-9t0 0-4)
-22:9% (-37-9t0 1.0)

0-1% (-6-8t0 6-6)
-28-8% (-39-1t0-19-8)
-271% (-38-2t0-17-6)

115 (10-4 to 12:6)

107 (9:7t0 11-8)
0-8 (0-6t0 0-9)
83(73t093)
0:3(0-2t0 0-4)

07 (0-5t0 0-9)
24 (22t027)
0-1(0-1t0 0-1)

0-1(0-1t0 0-1)
0-9 (07to 1-1)

13 (11t0 1-5)
0-7 (0-5t0 0-9)

0-4(0-3t0 0-4)
0:5(0-4t00-5)
1.0 (0-8to11)

871.9 (789-9t0 956'5)

811-6 (734-1t0 891-1)
603 (51:5to 68-6)

799-6 (697-6 to 906-3)
21-1(16-7t0 257)

59-8 (42-3t0 74-4)
1757 (1589 t0 195-8)
167 (12:9t021.3)

126 (10-1t0 16-2)
97-3(79-6 t0 117-6)

177-4 (1451 t0 216-4)
659 (49-1to 85-0)

411 (34-6 t0 49-6)
374 (32-1t0 41.9)
94-6 (77-0t0 111-1)

-34-4% (-41-4 to -27-9)
-34-6% (-41-6 t0 -28-1)
-31-4% (-40-1to 213
-477% (-52-3t0 -41.9
-36-4% (-44-8to-23-1)

)
)

-302% (-44-0t0 37)
-58.7% (-63-1t0 -53-6)
-43-9% (-54-8 t0 -34-0)

-89-9% (-89-9 t0-89-9)
-40-8% (-51:3t0-29-0)

-30-1% (-40-8 to-17-5)
-36-8% (-52-1t0-8-4)

-19-1% (-27-7 t0-10-9)
-42.0% (-51:3t0-33-9)
-55-9% (624 t0-49-4)

-33:3% (-39:9to-27-4)
-33:5% (-40-3t0 -27'5)
-305% (-38-4t0-213)
-42-6% (-46-9 to -37-5)
-35:5% (-44-1t0-22-8)

-29-6% (~42-1t0-0-2)
~59-0% (-63-3t0 -54-0)
-41:7% (-46-8 t0-36-2)

-80-3% (-833t0-756)
-35:3% (-43-9t0-27-2)

-23-8% (—30-8t0-16-5)
-35-8% (-48-4 0 -16-0)

-16:7% (-22:5 to-11:3)
-40-8% (-49-3t0-333)
-39-4% (-48-6 to -31-4)

Table 2: Injury-related mortality and disability-adjusted life-years in adolescents by mechanism of injury, 1990-2019

their component parts (ie, pedestrian, cyclist, motor-
cyclist, motor vehicle, and other) are shown in the
appendix (pp 14-15).

Rates per 100000 of both deaths and DALYs owing to
transport injuries are substantially higher among males
(17-9 deaths per 100000 in males vs 4-8 in females) than
females (1335 DALYs per 100000 in males vs 386 in
females). The reduction in the rate of transport injuries
between 1990 and 2019 was higher among adolescent

females than for males for both deaths and DALYs
(appendix pp 16-17).

For adolescents, the greatest reduction in the rate of
transport-related injury deaths between 1990 and 2019
was in 10-14-year-olds (—44-5% [95% UI -51-0 to —37-5];
from 7-8 to 4-3 per 100000), with reductions being less
marked in those aged 15-19 years and 20-24 years
(appendix pp 18-19). For transport injuries in low-SDI
and low-middle-SDI countries, the fatality rate declined,
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Y

I Decrease >50%

I Decrease of >40 to 50%
[ Decrease of >30 to 40%
[ Decrease of >20 to 30%
[] Decrease of >10 to 20%
[ Decrease of 0 to 10%
[Jincrease of 0 to 10%
[increase of >10 to 20%
[lincrease of >20 to 30%
[ Increase of >30 to 40%
I Increase of >40 to 50%
I Increase of >50%

B

Figure 1: Percentage change in transport injury deaths (A) and unintentional injury deaths (B) per 100 000 population in adolescents aged 10-24 years from
1990t0 2019
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and injury-related mortality in absolute numbers
increased (appendix pp 11-12). These increases were
most pronounced among both males (113-9% [95% UI
786 t0 159-9]) and females (62-1% [29-2 to 100-5]) who
were aged 20-24 years and lived in low-SDI countries
(appendix pp 20-23).

Among adolescents, percentage changes between 1990
and 2019 for transport injury deaths by country are
shown in figure 1A and these changes for transport
injury DALYs are shown in the appendix (p 30). The
greatest reductions (>80%) in death rates and DALYs
were in Estonia and Portugal. Paraguay recorded the
largest increases in both transport injury deaths (96-7%
[95% UI 32-6-175-5]) and DALYs (86-8% [95% Ul
29-0-157-4]). Substantial increases in transport injury
deaths and DALYs among adolescents were also recorded
in Djibouti, Lesotho, and the Seychelles.

Globally, transport injury death rates declined more
rapidly in 2010-19 than in 1990-2010, and for all SDI
quintiles other than in high-SDI countries in which the
pace of change had slowed substantially in 2010-19
(-17-4% [95% UI-13-5 to —22-0], equivalent to —1-7% per
annum) compared with 1990-2010 (—48-8% [95% UI
—47-3 to -50-2], equivalent to -2-4% per annum;
appendix p 31). The largest temporal change in transport
injury DALYs occurred in low-middle-SDI countries, in
which DALYs declined by 18-2% (95% UI —-24-6 to -11-6;
equivalent to —1-8% per annum) between 2010 and 2019,
compared with a 3-8% reduction (95% UI —14-7 to 4-5;
equivalent to —0-2% per annum) between 1990 and 2010
(appendix p 32).

For males, the pace of the decline in transport injury
deaths and DALYs in high-SDI countries slowed
dramatically in 2010-19 compared with 1990-2010
(deaths —49-5% [95% UI —51-0 to —47-8] in 1990-2010 vs
-18-7% [95% UI -24-1 to -14-2] in 2010-19; DALYs
—49-2% [95% UI -50-7 to —47-6] in 1990-2010 vs —18-4%
[95% UI -23-5 to —14-1] in 2010-19; appendix pp 31-32).
However, for all other SDI quintiles, higher percentage
reductions were reported in 2010-19 than in 1990-2010.
For females, the reduction in transport injury deaths and
DALY rates plateaued in 2010-19 globally and for all SDI
quintiles, except for declining death rates in middle-high
and middle-SDI countries (appendix pp 31-32).

Figure 2 shows the percentage change in the absolute
numbers of deaths and mortality rate by SDI and level-3
cause of injury 1990-2019, and the appendix (p 33) depicts
the same for DALYs. Improvements in the rates of road
injuries and other transport injuries were recorded in the
death and DALY rates per 100000 population; however,
the absolute numbers of deaths and DALYs increased in
low-SDI and low-middle-SDI countries.

Figure 3A shows the rate of transport-injury deaths, and
the appendix (p 34) transport-injury DALYs, by sex,
comparing 1990 and 2019 rates by country. Although
many countries have made progress in reducing transport
injury death rates and DALY rates for adolescent females,

some countries had higher rates in 2019 (eg, Nauru,
Venezuela, Botswana, Paraguay, and Vanuatu). For
adolescent males, transport injury death rates and DALYs
have increased in low and low—middle-SDI countries (eg,
Central African Republic, Lesotho, Gabon, and Eswatini).
The appendix (pp 35-38) shows transport injury deaths
and DALY rates and percentage change between 1990 and
2019 by country.

For unintentional injuries in 1990, the GBD Study
reported 246233 (95% UI 225434-263748) adolescent
deaths globally owing to unintentional injury, which
accounted for 12 5% of all-cause adolescent mortality. By
2019, this proportion had reduced to 10-4%, with 154725
(95% UI 136607-172673) deaths. Low-SDI and low-—
middle-SDI countries accounted for more than half of all
unintentional injury deaths in adolescents globally in
2019 (86509 [55-9%] of 154725), compared with in 1990
(89816 [36-5%] of 246233). Unintentional injury-related
DALYs for adolescents have declined, from 8-8% of all-
cause DALYs in 1990 to 6-5% in 2019 (table 1).

The unintentional injury fatality rate for adolescents in
2019 was 8-3 (95% UI 7-3 to 9-3) per 100000 population,
a decline of —47-7% (95% UI —52-3% to —41-9) since 1990
(a fatality rate of 15-9 per 100000). Drowning was the
leading cause of unintentional injury-related deaths
among adolescents in 2019 resulting in 45400 deaths
(95% UI 41100 to 50600), followed by falls (23800
[95% UI 20300 to 27100]; table 2)

DALYs owing to unintentional injuries totalled
14-9 million (95% UI 13-0-16-9 million), a rate of
7996 per 100000 (95% UI 697-6-906-3). Globally, falls
attracted the greatest DALY burden (3-30 million
[95% UI 2-7 million—4-0 million]), followed by drowning
(3-27 million [95% UI 3-0 million—3- 6 million]; table 2).

The absolute number of adolescent deaths owing to
unintentional injuries increased between 1990 and 2019 in
low-SDI countries for all level-3 causes. Drowning was the
leading cause of adolescent death in low-SDI countries,
resulting in 6586 deaths (95% UI 5528-8044) followed by
animal contact (3903 deaths [2544-5349]) and exposure to
mechanical forces (3820 deaths [2932-5239]). Foreign
body deaths (eg, asphyxia owing to choking on regurgitated
food) increased by 30-1% (95% UI 9-5-49-5) in low—
middle-SDI and by 103-2% (64-9-145-1) in low-SDI
countries. Low-SDI countries showed high vulnerability
to exposure to forces of nature, with a 389-5% increase in
deaths associated with this mechanism among adolescents
in 2019, compared with 1990 (appendix pp 10-11). Changes
over time in deaths by disaggregation of select
unintentional injury mechanisms are reported by SDI in
the appendix (pp 24-26). Falls accounted for the largest
absolute numbers of unintentional injury-related DALYs
among adolescents in high-SDI, middle-high-SDI, and
low-SDI countries. Drowning caused the highest absolute
number of DALYs in middle and low-middle-SDI
countries. Of concern are the increasing absolute numbers
of DALYs caused by exposure to forces of nature and falls
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Figure 2: Percentage change in deaths per 100 000 population in adolescents aged 10-24 years from 1990 to 2010 and from 2010 to 2019, by injury mechanism and SDI quintile
Deaths caused by exposure to forces of nature have not been included because of they extreme fluctuations over time. SDI=sociodemographic index.

in low—middle SDI and increases in all level-3 causes of
unintentional injury-related DALYs in low-SDI countries
between 1990 and 2019 (appendix pp 12-13). Changes over
time in DALYs by disaggregation of select unintentional
injury mechanisms are reported by SDI in the appendix
(pp 27-29). Absolute numbers and rates of deaths and
DALYs were higher among males than females for all
injury types, with the exceptions of fire, heat, and hot
substances and adverse effects of medical treatment
(appendix pp 16-17).

For 1990-2019 globally, the greatest reduction in the
absolute number and rate of unintentional injury-related
fatalities were recorded adolescents aged 10-14 years.
Increases were seen in the absolute number of
unintentional injury-related fatalities in low-SDI
countries for all adolescent age groups (appendix
pp 18-19).

Reductions in rates of unintentional injury-related
fatalities among adolescents slowed in 201019 in all SDI
quintiles other than low-SDI countries, which showed a
marked reversal in the rate of unintentional injury
fatalities, from a 1990-2010 increase of 146-0% (95% UI
115-3 to 189-2; equivalent to 7-3% per annum) to a
2010-19 reduction of -75-0% (-78-5% to —71-0%;

equivalent to 7-5% per annum; appendix p 31), probably
because of deaths from forces of nature 1990-2010
(appendix p 48). Globally, adolescent unintentional injury
DALY rates have declined faster in 2010-19 (-35-8%
[95% UI -39-9 to -31.7]) than in 1990-2010, largely
driven by a reversal in the rate of adolescent unintentional
injury DALYs in low-SDI countries, a decline of 69-8%
(95% UI-73-4 to —65 - 8) for 2010-2019 compared with an
increase of 119-3% (95% UI 94-7 to 152 3) for 1990-2010.
This change is likely to be a function of a substantial
number of injury events in the low-SDI quintile caused
by forces of nature in 2010 (appendix p 48). However, in
high-SDI countries, almost no progress has been made
in reducing the rate of unintentional-injury-related
DALYs among adolescents in 2010-19 (-0-2% [95% UI
—4-5 1o 3-6]; appendix p 32).

For males and females, progress in reducing
unintentional injury death and DALY rates had slowed in
2010-19 in all SDI quintiles except for low SDI.
Unintentional-injury DALY rates among females in high-
SDI quintile countries increased for 2010-19 (8-7%
[95% UI 4-6 to 11-5), despite significant reductions
between 1990 and 2010 (-32-1% [95% UI —35-2 to -29- 5]
equivalent to —1-6% per annum; appendix p 32).
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Figure 3: Injury death rates in 1990 versus 2019 in adolescents aged 10-24 years, by sex and country
Transport injury death rates (A) and unintentional injury death rates (B). Countries shown above the diagonal dashed line had a lower rate in 2019 than in 1990.

SDI=sociodemographic index.

The percentage changes between 1990 and 2019 by
country in unintentional injury deaths in adolescents
are shown in figure 1B, and in unintentional injury
DALY rates in adolescents in the appendix (p 39). The
largest reductions in adolescent unintentional injury
death rates were seen in South Korea (—86-8% [95% UI
—-89-6 to=79-2]) and Iran (-86-5% [-88-2% to -85-0%)]),
whereas the largest increases occurred in the Bahamas
(63-2% [36-5% to 98-4%]) and Zimbabwe (59-6%
[119-8% to 21-5%)]). The appendix (pp 40—43) indicates
increases in unintentional injury death rates for the
Bahamas are being driven by large increases in animal
contact fatalities (+232% in 2019, compared with 1990),
whereas in Zimbabwe, unintentional injury death rates
have increased since 1990 for all unintentional injury
mechanisms. The appendix (pp 44-47) illustrates

unintentional injury DALYs by unintentional injury
mechanism and country. Large fluctuations are seen in
the absolute number and rate of deaths and DALYs
caused by exposure to forces of nature, coincident with
large-scale disaster events, the occurrence of which is
increasing (appendix p 48). Increases in the absolute
number and rate of DALYs associated with animal
contact, environmental heat and cold exposure, and falls
among adolescents increased in the most recent decade
(2010-19), particularly in high-SDI countries (appendix
p32).

The rate of unintentional injury deaths in shown in
figure 3B and the rate of unintentional injury DALYs by
sex is shown in the appendix (p 49), both with
comparisons between 1990 and 2019, by country. For
both females and males, unintentional injury death rates
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have declined dramatically in countries such as Iran and
Iraq. Rates have increased for females in countries such
as the Solomon Islands and The Bahamas, and for males
in Zimbabwe and the Solomon Islands.

Discussion

Adolescence is a sensitive point in the life course in
which interventions can improve health and wellbeing
during adolescence, into adulthood, and for the next
generation.” Most global and country-level programmes
focused on adolescent health as it relates to mental
health, communicable diseases, and reproductive health,
despite the high incidence of unintentional and
intentional injury among this age group.” Recognition
that road traffic injuries are the leading cause of death for
adolescents aged 15-19 years,” and the cost-benefit of
implementing road safety interventions® has led to the
inclusion of unintentional injuries and road safety in the
adolescent wellbeing framework” published in 2020,
with adolescents themselves joining the call for action
through the Adolescents 2030 movement®” ahead of the
UN Global Summit for Adolescent Wellbeing planned
for 2023.

This study tracked trends in transport and unintentional
injury mortality and morbidity in adolescents between
1990 and 2019. Our findings suggest that transport and
unintentional injuries continue to be substantial causes
of harm that have remained largely unchanged as a
proportion of all-cause deaths and DALYs for adolescents
since 1990. Although transport and unintentional injury
mortality rates are declining globally, this result conceals
variability and inequities by injury mechanism, time,
SDI quintile, and outcome. In high-income countries,
progress in reducing injury in adolescents has stalled,
whereas injury is emerging as a growing cause of death
and health-related disability in low—income and middle-
income countries.’ This challenge necessitates global
donor, government, and industry investment, which is
largely inadequate for countries in the low-SDI quintile.”

Deaths and DALYs caused by transport injuries and
most unintentional injury mechanisms are substantially
higher among male than female adolescents. Similarly,
between 1990 and 2019, reductions in the rate of transport
injuries causing deaths and DALYs were both greater
among adolescent females than males. However, our
study has identified an increasing absolute number of
transport and unintentional injuries among females in
the high-SDI quintile and higher mortality and morbidity
among females for injuries caused by fire, heat, and hot
substances and the adverse effects of medical treatment,
compared with males. Such findings indicate the
importance of considering sex differences when
developing injury prevention interventions for adol-
escents, including country-specific cultural and gender
norms that might influence risk. Transport injuries
accounted for the greatest proportion of deaths and
DALYs among adolescents in this study. Preventing road

injury in adolescence through the adoption of effective
interventions that improve safety behaviours will have an
effect that extends into adulthood, because road injuries
are also the leading cause of DALYs among adults aged
25-49 years.* Among adolescents aged 11-19 years, there
is strong evidence that a suite of policies and practices
reduce road traffic injuries.” Graduated driver licensing
schemes, enforcement of minimum drinking-age laws,
lower blood alcohol content levels for novice drivers,
wearing motorcycle and bicycle helmets, laws about seat-
belt and helmet use, and reducing speed limits near to
schools, residential areas, and play areas are interventions
that have been effective in reducing injury-related
harms.” Although such interventions should be
considered for integration into policy to reduce road
traffic injuries, an absence of evidence of effectiveness in
low—income and middle—income countries could be a
barrier to implementation.” Interventions applicable to
all age groups, such as the enforcement of speed-limits
and drink-driving bans, have been found to be effective
in reducing road traffic deaths,® and should also be
prioritised.

Establishing public transport and active-transport
infrastructure that prioritises safe travel is also crucial,
and provides additional benefits for both adolescents (eg,
physical activity) and the wider community (eg, cleaner
air).”* As vulnerable road users, adolescents must be
safeguarded as urbanisation and development increase
motorised transport.” Streets should be designed with
children and adolescents in mind, and balance their need
for safety on the roads with their need for accessibility
and enjoyment, to promote their independent mobility.”
Cities such as Amsterdam, Addis Ababa, Bogota, Hanoi,
and others have prioritised youth in their urban
development and improvement without compromising
children’s safety or increasing road-traffic collisions.”

This study has identified drowning as the leading cause
of unintentional injury-related deaths among adolescents,
with a fatality rate almost double that of the next closest
mechanism of injury (2-4 per 100000 for drowning vs
1-3 per 100000 for falls). WHO recognition and guidance
in the prevention of drowning** has probably contributed
to reductions between 1990 and 2019 in rates for
death (-58-7%) and DALYs (-59-0%). However, these
reductions must be considered with caution, as they
exclude drownings related to boating and disasters.”
There is every expectation that the 2021 UN Resolution on
Global Drowning Prevention® will catalyse further action.
However, it will be important to ensure that investment
in interventions to prevent drowning in adolescents do
not continue to lag behind those for very young children.”

Drowning is an injury linked strongly to the planetary
driver of a changing climate.” Findings from the current
study start to identify additional ways in which the
climate influences the risk of injury in adolescents. The
devastating and increasing effects of injuries caused by
forces of nature is noteworthy, particularly given the
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dramatic increase in the number of deaths and DALYs in
low-SDI countries in the past 30 years. Similarly, we
report increasing injury-related mortality and morbidity
owing to environmental heat and cold exposure in high-
SDI countries in 2010-19. Such findings add to the
growing body of evidence regarding the need for global
action on climate change,” and the importance of
tailoring disaster risk-reduction strategies to adolescents
in the context of increasingly frequent and severe
disasters.”

Globally, we have identified a slowing in the pace of
reductions in transport and unintentional injury deaths
and DALY rates in high-SDI countries in 2010-19, for
both male and female adolescents. In most cases,
reductions recorded between 2010 and 2019 are less than
half of the achieved 1990-2010. Of concern, high-SDI
countries also recorded an increase in DALYs owing to
unintentional injury among females in 2010-19, which
raises questions about further prioritisation of primary
prevention while considering the benefit of adopting new
approaches. The economic effects of adolescent injury
and conversely, the cost-benefit associated with effective
interventions, require further research, as these can be
effective in catalysing policy change to further accelerate
injury reduction.”

This study identifies increases in the relative burden of
absolute numbers of transport and unintentional injury
deaths and DALYS in adolescents from a high-income
context to lower-SDI countries. Population growth is a
contributor,” but other factors also affect injury risk and
outcomes in the low-SDI quintile, including low capacity
for the tertiary care of injuries.” The rise in the number
of injuries is becoming increasingly visible as mortality
and morbidity from other causes (eg, maternal and
infectious diseases) declines.” The absence of global
development assistance for the prevention of adolescent
injury in lower-income countries is a cause for concern
in the context of the findings of this study.”

Increasing urbanisation has led to an increase in the
number of vehicles on unsafe roads without adequate
protection for vulnerable road users such as children
and adolescents.* Further investment in regulatory
frameworks is needed to prevent transport-related
injuries in lower-SDI countries, in which regulatory and
societal responses to the prevention of injury often lag
behind the pace of development or are poorly
implemented.>*® A review of global non-motorised
transportation plans found that although most countries
had at least one relevant policy, these policies had not
yet been adequately implemented or assessed for
effectiveness.®

Tanzania is a low-SDI country in which investment in
school-area interventions aimed at slowing traffic speed
and separating child pedestrians from vehicles, alongside
the provision of site-specific road safety education, has
reduced the number of road-traffic injuries among
primary school children (age 7-14 years).* Other similar

city-based initiatives to protect adolescents, which are
focused on speed reductions around schools, infra-
structure modifications, and awareness raising, are being
undertaken in six low—income and middle-income
countries.” The feasibility of implementing such
interventions should be also explored for older
adolescents (aged 15-24 years). By contrast, Zimbabwe is
a country in which the rate of fatal unintentional injury
has increased by 60% since 1990. Increases in all
mechanisms of unintentional injury have been seen;
however, the greatest increases were for deaths caused by
exposure to mechanical forces (73%) or a foreign body
(5196). The country faces a range of challenges, including
economic issues, reduced life expectancy, increases in
communicable and non-communicable diseases, and a
shortage of health workers,* that could affect injuries in
adolescents in Zimbabwe. The persistent burden of
injury-related disability in many SDI quintiles is
concerning. Although this finding could represent
improvements in the health system response to the
treatment of injury-related harms, given residual injury
rates, it is also a call to action to enhance investment in
interventions aimed at primary prevention, including
systems-level approaches.” Such action is crucial,
because beyond fatal effects, injury-related morbidity in
adolescents can have devasting effects on individuals and
their families, owing to the effects on health, physical
mobility, and brain function that influence future
education, employment, and income, and social stigma,
partnering, and parenting.”®

By presenting transport and unintentional injuries
together in this study, we highlighted the persistent
burden of such injuries in the adolescent age group. The
responsibility for the prevention of transport-related and
unintentional injuries is likely to extend across different
government agencies and sectors, therefore countries
should map responsibility to relevant ministries and
portfolios.

Our study is subject to the limitations of the GBD study
methods, such as sparsity of data in low-income and
middle-income countries.** Also, there are further
challenges associated with the estimation of injuries
within the GBD Study framework that have been
reported previously.” In brief, these include data
limitations around quantifying non-fatal injury and full
disability associated with multiple injuries, misclassi-
fication of injuries in regard to intent, and a paucity of
data on the nature of injury measurement.” National
estimates mask subnational disparities. In addition, data
for the adolescent age group are of poorer quality than
for other groups, such as children younger than 5 years
and women in their childbearing years.” There is a need
to improve data collection entirely for adolescents, and to
give priority to ensuring consistent use of injury and
trauma coding in hospitals and medical facilities that is
age-specific and meets a global standard, strengthening
national surveillance systems for injuries, and the
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development of an improved global standard paediatric
and adolescent-specific Injury Severity Score.”* Our
study explored level-3 causes of injury and provided the
available level-4 data for unintentional injuries, although
this was not disaggregated by sex or age. Finally, 2019
was the last timepoint in the GBD Study data before the
COVID-19 pandemic. Future studies should explore the
impact of COVID-19-related suppression strategies, such
as lockdowns, on the rate of transport and unintentional
injury in adolescents.

Transport and unintentional injuries among adol-
escents represent substantial causes of health burden, in
terms of both the young lives lost and the lifelong
impacts of disability. Despite reductions in mortality
rates for injury, such injuries continued to account for a
quarter of all adolescent deaths in 2019, just like they did
in 1990. In high-SDI countries, progress has stalled in
the past decade, necessitating a commitment to injury
prevention for adolescents and the adoption of innovative
approaches to primary prevention. Increasingly, the
relative burden of adolescent injuries is higher in low-
SDI countries because of demographic change, rapid
urbanisation, and vulnerability to disasters, alongside
other effects of climate change. The global donor
community must prioritise investment in injury
prevention interventions in low-SDI countries. Global
commitment to mitigating the climate crisis is required,
as is investment in disaster risk reduction strategies for
adolescents in the context of increasingly frequent and
severe disasters. For all countries, a better understanding
of the economic effects of adolescent injury and the
economic benefit of effective interventions is crucial to
encourage investment and policy change.

Data sharing
All GBD 2019 data are publicly available and can be downloaded via the
Global Burden of Disease Results Tool (http://ghdx.healthdata.org/gbd-

results-tool). The statistical code used for the GBD estimation is publicly
available online (http://ghdx healthdata.org/gbd-2019/code).
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