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ABSTRACT

OBJECTIVE

To estimate cause specific mortality among children
and adolescents aged 5-19 years for 195 countries
from 2000 to 2024.

DESIGN

Secondary data analysis using a bayesian
multinomial logistic regression model to estimate
cause specific mortality fractions.

DATA SOURCES

PubMed, Embase, Web of Science, Scopus, Cochrane
Library, Global Index Medicus, Pan American Health
Organization, Global Health Ovid, Africa-Wide
Information, IndMed, WHO Mortality Database,
Demographic and Health Surveys, Multiple Indicator
Cluster Surveys, and Health and Demographic and
Surveillance Systems.

INCLUSION CRITERIA

Studies of the general population reporting cause
specific mortality based on primary data for at least
two causes in the age groups of interest, with a
specified method for determining cause. For studies
identifying causes of mortality with verbal autopsy,
eligibility required between 15 and 5000 total deaths,
with 25% or fewer of these deaths with unknown
cause. Forvital registration, country data points were
limited to those with at least five years of data from
2010 or later with a minimum of 80% of total deaths
assigned to a meaningful cause of death determined
by international classification of diseases, ninth or
1oth revision.

RESULTS

Cause specific mortality fractions were calculated
from vital registration data for 64 countries, disease
surveillance points data for China, and modelled for
the remainder. Of the 1.4 million global deaths among
children and adolescents aged 5-19 years in 2024,
the leading cause of death was road traffic injuries
with 113 138 deaths (90% uncertainty interval 106
901 to 119 375), followed by malaria (99 219, 85 840
to 112 597) and neoplasms (87 827, 8114310 94 511).
Deaths attributed to communicable, maternal,
perinatal, and nutritional conditions comprised close
to 50% of global deaths in 5-14 year olds, but less
than 23% among those aged 15-19 years. In 15-19
year olds, self-harm was most prevalent in female
adolescents (27 239 deaths, 24 537 to 29 941), while
road traffic injuries caused the largest number of
deaths in male adolescents (48 211, 44 607 to 51
816). Age and cause specific patterns varied
considerably by region. In high mortality settings, the
decline in most communicable, maternal, perinatal,
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and nutritional conditions has slowed since 2015
compared with the previous 15 years.

CONCLUSION

The estimates presented here can help countries
determine the most appropriate course of action to
reduce child and adolescent mortality. As mortality
rates from leading causes have declined over the
years, maintaining the same pace of reduction
becomes more challenging, making it necessary to
focus on causes that have not previously been
prioritised for children and adolescents, such as child
cancer and other non-communicable diseases.
Maternal mortality is another area of concern where
progress has stalled since 2015 and more than 80%
of countries risk missing the sustainable
development goal target of less than 70 deaths per
100 000 live births by 2030.

Global Patterns in Neonatal, Child, and Adolescent
Mortality

Introduction

Although children and adolescents aged 5-19 years
make up a quarter of the global population,’ funding
for adolescent health remains insufficient, with only
2.4% of total health development aid allocated to this
group between 2016 and 2021.2 These ages experience
a trough in mortality risk, particularly in 5-14 year
olds, after the increased risks of infancy and early
childhood, but before rates begin to rise in late
adolescence and adulthood. In 2024, 1.4 million
global deaths were reported among children and
adolescents aged 5-19, and in recent years, mortality
in this group has decreased at a slower rate than
children under 5.3 Although the number of deaths
among 5-19 year olds is relatively low compared with
those occurring in younger and older age groups,
nearly all of these deaths are attributable to
preventable causes.”>

Accurate information on causes of death afflicting
children and adolescents is crucial to identifying
health needs and intervention priorities, preserving
gains in survival, and supporting the health,
prosperity, and stability of societies going forward.®
In the last few decades, improving people’s health
and wellbeing has become a central aim of the
international community with the millennium
development goals (2000-15), later followed by the
sustainable development goals (2015-30). Much
progress was achieved in reducing mortality,
especially for children under 5, during the millennium
development goal period.” With mortality levels
considerably lower than in earlier decades, sustaining
further improvements during the sustainable
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development goal period has posed a challenge.® Sustainable
development goal 3 focuses on ensuring healthy lives and promoting
wellbeing for people of all ages,® but unlike younger children, there
are no specific targets in mortality reduction for 5-19 year olds,
contributing to their reduced global attention. Continued progress
will require targeted, data driven investments with established
effectiveness.

Building on previous research conducted in collaboration with the
World Health Organization (WHO) and Unicef,” '° 3 the Child and
Adolescent Causes of Death Estimation (CA CODE) group is working
to produce updated estimates of causes of death among children
and adolescents younger than 20 years.'# Mortality in children under
5 is addressed elsewhere,’> and the focus here is on the age group
5-19 years. Data are limited for the regions with the highest rates of
mortality, and for this often overlooked age group in particular. We
provide national, regional, and global estimates of causes of death
from 2000 to 2024. The analyses incorporate the latest available
evidence on causes of death from vital registries, surveys, and
community based studies.

Methods

We produce annual estimates of cause specific mortality fractions
(proportions), number of deaths, and mortality rates for 195
countries and four age-sex groups between 2000 and 2024: 5-9 year
olds, 10-14 year olds, 15-19 year old female adolescents, and 15-19
year old male adolescents. Mortality rates are defined as
probabilities of dying within the age interval among survivors to
the start of that interval.> We aggregate national level estimates for
global and regional reporting and combine them to produce figures
for the age groups 5-14, 5-19, and 15-19 without sex disaggregation.
Sex specific estimates are provided only for adolescents aged 15-19
years owing to limited availability of sex specific data for younger
age groups in high mortality settings. Estimates were calculated
from high quality vital registration data when available and
otherwise modelled using the low or high mortality models.
Countries were classified as low or high mortality based on their
corresponding all cause mortality rate from 5 to 19 years reported
by the United Nations Inter-agency Group for Child Mortality
Estimation (UN IGME; supplementary information S1).3 Estimates
were calculated from high quality vital registration data for 64
countries, modelled with the low mortality model for 54 countries
and the high mortality model for 76 countries.

Data

Vital registration data were obtained from the WHO Mortality
Database and assessed against the quality and completeness
standards established by WHO’s Division of Data Analytics and
Delivery for Impact.'® Countries were considered to have high quality
vital registration data if they reported at least five years of data from
2010 or later, used the international classification of diseases, ninth
or 10th revision (ICD-9 or ICD-10) cause of death coding, and the
joint percentage of registered deaths and those assigned a
meaningful cause of death was greater than 8o. We report results
for 64 countries with high quality vital registration data with
minimal adjustments. Data were provided as cause specific death
counts and grouped into the age specific cause of death categories
listed in supplementary table Si. We converted death counts to
cause specific mortality fractions. Values for years with missing
data were linearly interpolated between empirical data points and
extrapolated as constant outside the observed period.

We generated age and sex specific model input datasets for low and
high mortality model countries separately, each of which included
data points with cause of death information for the relevant age

2

group. For the 54 low mortality model countries, input data
consisted of empirical data points (ie, excluding those that were
interpolated or extrapolated) from high quality vital registration
countries. For the 76 high mortality model countries, input data
primarily consisted of verbal autopsy studies. A verbal autopsy—an
interview with the family of the deceased about the signs, symptoms,
and circumstances preceding death—is a vital method for
determining causes of death in settings where many people die
outside the health system and would otherwise remain
unclassified.'” We also procured data through known investigator
tracing for high mortality model countries. These sources include
the Bangladesh Maternal Mortality Survey,'® 2° Country wide
Mortality Surveillance for Action Mozambique®* and Sierra Leone,*
Ghana Maternal Health Survey,?3 24 Million Death Study in India
(personal communication, P Rodriguez, Unity Health Toronto, July
2024), Magu Health and Demographic Surveillance System (personal
communication, S Kagoye, National Institute for Medical Research,
Mwanza Research Centre, Tanzania, September 2024), and Pakistan
Maternal Mortality Survey (personal communication, Z Bhutta,
University of Toronto, December 2024).

We identified verbal autopsy studies for the high mortality model
input datasets by extending a previous systematic review of such
studies’3 to 31 December 2023. Detailed methods of the systematic
review are described elsewhere,? and a summary of the components
most relevant to the present analysis is provided in supplementary
information S2. Briefly, study data points were excluded if they only
reported causes of deaths that were combined into other categories
(eg, other communicable, other non-communicable, or other
injuries), reported fewer than two cause defined causes of death,
attributed more than a quarter of total deaths to an undetermined
cause, or reported fewer and more than our minimum and maximum
thresholds for total number of deaths (15 and 5000, respectively)
for quality control.

Cause specific mortality fractions were estimated separately for
China using data from the disease surveillance points.2® The China
disease surveillance points is a nationally representative sample
registration system that generates cause specific mortality statistics.
Cause of death data collected by the system is a mix of medical
records and verbal autopsies. Reported causes were aggregated to
align with the cause groupings applied in this analysis and adjusted
to account for the complex survey design.?” For provinces lacking
empirical data from 2000 to 2003, the 2004 cause specific mortality
fractions were extrapolated backwards. Cause specific mortality
fractions were extrapolated forward at the national level from 2019
to 2024.

Across all country-years, empirically derived (high quality vital
registration countries and China) or model based (low and high
mortality model countries) mortality fractions were converted to
cause specific mortality rates and death counts by scaling to the
mortality envelopes (all cause mortality rates and death counts)
produced by UN IGME for the estimation period.3

Modelling

We implemented a bayesian multinomial logistic regression model
with country level random effects for low and high mortality model
countries. The model has been described in greater detail
elsewhere?® and supplementary information S3 gives an extended
description. We summarise the key components of the model here.
Each input data point in the training set consisted of deaths
classified by cause and was modelled as arising from a multinomial
distribution. The log odds of each cause relative to a reference cause
are modelled as linear functions of explanatory variables (fixed
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effects), with country level random effects included to account for
between country heterogeneity. To generate annual cause specific
mortality fraction estimates for all modelled countries, we applied
the estimated posterior parameters to complete time series of
covariates from 2000 to 2024.

The model incorporates a least absolute shrinkage and selection
operator (LASS0)? to penalise model fixed effects and prevent
overfitting. We used 10-fold cross validation to select the LASSO
parameter and upper limit of the standard deviation of the random
effect for each of the age and sex specific low and high mortality
models. The model was trained on data from ninefold cross
validation and used to predict the cause of death distribution for
data points in the held out fold. Model performance was quantified
by the mean absolute difference between observed and predicted
cause specific mortality fractions, and hyperparameters were
selected to minimise the mean absolute difference.

In high mortality model countries, country level random effects
were only incorporated into predictions when nationally
representative data were included in the model training set.
Otherwise, a random effect was randomly drawn from the posterior
distribution. For India, state level random effects were estimated
and subsequently combined into a national level random effect
through a weighted average, using the total number of reported
deaths in studies or sample registration data from each state as
weights.

All models were implemented using the open source statistical
software R (version 4.4.3)°° and estimated using the Stan
probabilistic programming language>! through the rstan package
(version 2.32.7).3?

Covariates

We compiled a national level covariate database for predicting the
distribution of causes of death in low and high mortality model
countries. The database consisted of annual values from 2000 to
2024 for 99 indicators from sources such as Demographic and Health
Surveys, Multiple Indicator Cluster Surveys, International Labour
Organisation, Malaria Atlas Project, NASA, UN IGME, Unicef, the
United Nations Development Programme, WHO/Unicef Joint
Monitoring Programme, and the World Bank. Covariates deemed
relevant for specific age groups based on literature and widely
available across countries were included to improve model
prediction. When a covariate was considered important for inclusion
but lacked observations for some countries, missing values were
imputed to retain the covariate in the model. Covariates span several
domains, including maternal and reproductive health, behavioural
and lifestyle factors, mental health, education and socioeconomic
status, fertility and demographic structure, nutrition, mortality,
environmental and living conditions. Supplementary information
S4 provides additional details on the selection criteria and the final
list of covariates for each age-sex group.
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Single cause estimates

After modelling causes for low and high mortality model countries,
we incorporated data for causes with irregular patterns in a series
of adjustments. These included HIV/AIDS, tuberculosis, measles,
collective violence, and natural disasters. HIV/AIDS data were also
incorporated into estimates for China. As in a previous round of
systematic estimates,’3 mortality fractions for HIV/AIDS,
non-respiratory tuberculosis, and endemic measles were split out
of the modelled fraction for other communicable diseases, while
respiratory tuberculosis was split out of the modelled fraction of
lower respiratory infections. Data on HIV/AIDS and tuberculosis
deaths were obtained from UNAIDS33 and the Global Tuberculosis
Programme,3“ respectively. The WHO Immunization, Vaccines and
Biologicals Department provided information on measles deaths
for children aged 5-9 years.3"

Malaria was only modelled for children aged 5-14 years. Malaria
mortality declines steeply with age, and most malaria deaths occur
among young children.3® Among those aged 15-19 years, malaria
mortality is likely too low to warrant modelling (ie, comprising less
than 3% of global deaths in 2016; see supplementary table S1).
Consistent with this low burden, relatively few studies report malaria
mortality for adolescents aged 15-19 years,3” leaving insufficient
data to inform our model. Based on existing evidence, malaria
fractions among 5-9 and 10-14 year olds were not allowed to exceed
the level observed among those aged 1-59 months in the
corresponding country-year.'> Additionally, in low mortality model
countries, malaria was assumed to be zero in country-years in which
the Global Malaria Programme reported no incidence.3® Estimates
of crisis mortality were obtained from the Emergency Events
Database,?° and cholera outbreaks officially reported to WHO by
member states and the Global Health Observatory.“° Supplementary
information Si gives additional details on the single cause estimates.

Uncertainty

We accounted for uncertainty in modelled and empirically derived
mortality estimates based on the uncertainty of the model outputs,
UN IGME envelopes, and single cause data. Uncertainty for modelled
proportions was quantified from the posterior distribution of the
bayesian LASSO fixed and random effect parameters obtained
through Hamiltonian Monte Carlo sampling. For high quality vital
registration countries and China, empirical cause specific mortality
fractions were treated as multinomial probabilities, from which
random samples were drawn to represent uncertainty. The same
approach was applied to single cause data for crisis mortality using
the relative distribution of cause specific crisis deaths. For
HIV/AIDS, tuberculosis, and measles, samples were drawn from
the reported uncertainty intervals of the input data. Uncertainty in
the all cause deaths and mortality rates was propagated by sampling
from the posterior distribution of the UN IGME envelopes
(supplementary information S6).3Figure 1 summarises the modelling
process and all the estimation steps.
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High quality vital
registration data

Low mortality model
54 countries

Bayesian LASSO multinomial
logistic model with
country random effects

Cause specific mortality fractions from applying
models to national level covariates by country-year

Number of deaths and mortality rates: apply cause specific mortality fractions to UN IGME envelopes by country-year

China
1 country
Inputs Disease surveillance
points data
Vital registration data (disease surveillance points for China)
Model . g : : .
e with minor adjustments and interpolation or
building . e
extrapolation for missing country years
Cause specific mortality fractions from vital registration
or disease surveillance points data
Outputs
Draw from
) multinomial distribution
Uncertainty

Draw from posterior distribution of bayesian LASSO
parameters and country random effects

Account for uncertainty of UN IGME envelopes

Fig 1| Summary of modelling and estimation strategies. LASSO=least absolute shrinkage and selection operator; UN IGME=United Nations Inter-agency Group for Child

Mortality Estimation

PRISMA 2020 checklist

We followed PRISMA (preferred reporting items for systematic review
and meta-analysis) guidelines*' for reporting systematic analyses
and global health estimates. Supplementary table S2 includes the
PRISMA 2020 checklist for transparency and replicability.

Patient and public involvement

Patients or the public were not involved in the design, conduct,
reporting, or dissemination plans of our research.

Results

For the 64 countries with high quality vital registration data, we
relied on 5275 empirical data points from 2000 to 2021. Missing
country-years were obtained through interpolation and
extrapolation. The training dataset for low mortality model countries
incorporated 4286 of these from 56 countries after applying
exclusion criteria relating to total deaths and number and

distribution of reported causes of death. For high mortality model
countries, we relied on a total of 752 data points from 31 countries
(supplementary table S3). To improve model stability, these included
eight data points for high mortality years in eight countries with
vital registration data for each age-sex group (supplementary table
S4). Table 1 provides an overview of the input data used in each
method and age-sex group, identifying the number of data points,
deaths, and countries. In all age-sex groups there were more than
five times as many input data points from high quality vital
registration countries than high mortality model countries. As for
high mortality model countries, the age group with the most data
points was 5-9 years at 258, while 15-19 year old male adolescents
had the fewest at 170. The outputs columns on the right of table 1
show that the high mortality model countries for which we have
limited data are also where most deaths take place. Fifty five high
mortality model countries did not contribute any data points to the
model input, as reflected in the input data map in supplementary
figure S1.
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Table 1| Inputs and outputs by estimation methods

Estimation methods Inputs Outputs

Data points Deaths Countries Deaths in 2024 Countries
5-9 year olds
egshation dta o . o4 1947 (42) o4
Low mortality model — — — 26167 (5.6) 54
High mortality model 258 65 305 31 407 993 (87.2) 76
China DSP 20 527 060 1 14142 (3.0) 1
Total — — — 467 749 (100.0) 195
10-14 year olds
222 t?:ggtnyg’;til 131 273323 64 25473 (6.9) 64
Low mortality model — — — 30070 (8.1) 54
High mortality model 262 84397 30 298106 (80.7) 76
China DSP 20 521545 1 15594 (4.2) 1
Total — — — 369 243 (100.0) 195
15-19 year old female adolescents
l'g; Rir 1318 446,009 64 19616 (9.4) 64
Low mortality model — — — 14801(7.1) 54
High mortality model 182 26 390 21 168 213 (80.9) 76
China DSP 20 298 828 1 5,307 (2.6) 1
Total — — — 207 937 (100.0) 195
15-19 year old male adolescents
High quality VR data 1320 1191691 64 47 825 (135) 64
Low mortality model — — — 39781(11.3) 54
High mortality model 170 29338 18 250 997 (71.0) 76
China DSP 20 597 627 1 14678 (4.2) 1
Total — — — 353281 (100.0) 195

Data are numbers (%).

Inputs on the left provide information on sources of data informing empirical calculations for high quality vital registration countries and China, and modelling of cause specific mortality fractions for
high mortality model countries. For high quality vital registration data and China disease surveillance points (DSP), data points refer to the number of country-year observations of cause specific death
counts whereas for high mortality model countries data points referto community based verbal autopsy studies. The low mortality model was trained on data from high quality vital registration countries.
Deaths were summed across data points and countries indicates number of distinct countries contributing data. For outputs on the right, deaths in 2024 show distribution of estimated deaths, while

countries indicate the number of countries for which estimates were produced by each method.

For each age-sex specific low and high mortality model country,
supplementary figures S2 and S3 present the results of the cross
validation using out-of-sample prediction with the lowest mean
absolute difference to identify the best LASSO parameter and upper
limit of the standard deviation of the random effect. Supplementary
table Ss lists the final set of hyperparameters used.

Of the 1.4 million global deaths among children and adolescents
aged 5-19 years in 2024, more than 38% were because of
communicable, maternal, perinatal, and nutritional (CMPN)
conditions, followed by 36% of injuries, and 25% of
non-communicable diseases. Road traffic injuries stand out as the
leading specific cause with 113 138 deaths (90% uncertainty interval
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(UI) 106 901 to 119 375; 8.09%, 7.74% to 8.44%) followed by malaria
(99 219 deaths, 85 840 to 112 597; 7.10%, 6.32% to 7.87%), and
neoplasms (87 827 deaths, 81 143 to 94 511; 6.28%, 5.89% t0 6.67%).
However, differences arise when looking at age groups separately.
Figure 2 and supplementary table S6 show that CMPN conditions
comprised close to 50% of global deaths among 5-14 year olds, but
less than 23% among 15-19 year olds (both sexes). The opposite
trend is observed for injuries, especially driven by the impact of
intentional injuries in those older than 15 years, including self-harm
(59 322 deaths, 55 561 to 63 083; 10.57%, 10.13% t0 11.01%),
interpersonal violence (48 459, 44 326 to 52 591; 8.63%, 7.98% to
9.29%), and collective violence (30 355, 27 540 t0 33 170; 5.41%,
4.90% 10 5.92%).



Global causes of death for 5-19 year olds in 2024
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Maternal causes

Measles
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Other communicable diseases
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Digestive system
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22.5% 28.8%
30.0% 47.5%
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Article DOI: 10.1136/bmj-2025-088687 ® Download data

Fig 2 | Global distribution of causes of death in children aged 5-14 years and adolescents aged 15-19 years in 2024. Causes are colour coded into three groups: communicable,
maternal, perinatal, and nutritional conditions (blue); non-communicable diseases (amber); and injuries (pink). Uncertainty intervals and corresponding estimates of mortality
rates are provided in supplementary table S6. An interactive version of this graphic and downloadable data are available at https://public.flourish.studio/visualisation/29148247/

Figure 3 reveals significant regional variation in the number of
deaths and mortality fractions. Approximately 80% of global deaths

in 2024 took place in countries categorised as high mortality models.
These were also the areas with the largest number of deaths caused

6 the bhmj | BMJ 2026;393:e088687 | doi: 10.1136/bmj-2025-088687


https://url.uk.m.mimecastprotect.com/s/emUSCqAR7izy0XVuZfRUEw-6y?domain=public.flourish.studio/

RESEARCH

by communicable diseases. In West and Central Africa, more than
64% of deaths among 5-19 year olds were attributed to CMPN
conditions such as malaria (71 414 deaths, 90% Ul 59 448 to 83 379;
16.20%, 14.42% t0 17.99%), diarrhoea (39 737, 32 612 to 46 862;
9.02%, 8.06% t0 9.97%), and lower respiratory infections (27 663,
21 860 t0 33 465; 6.28%, 5.34% to 7.22%). In Eastern and Southern
Africa, the total share of CMPN conditions was 40%, with malaria

the leading communicable cause (21 314 deaths, 15 694 to 26 934;
7.45%, 6.00% to 8.90%) followed by HIV/AIDS (15 820 deaths, 14
698 t0 16 943; 5.53%, 4.93% t0 6.13%). In South Asia, CMPN
conditions comprised about 29% of the total, while in all other
regions they made up less than 15%. In North America and Western
Europe, deaths because of CMPN conditions accounted for roughly
5% of the total.

Causes of death for 5-19 year olds in 2024 by region

Regional number of deaths and cause specific mortality fractions for 5-19 year olds in
2024

thebmj

Diarrhoea @ HIV/AIDS @ Lower respiratory infections @ Malaria @ Maternal causes
@ Measles @ Tuberculosis @ Other communicable diseases Cardiovascular

Congenital anomalies Digestive system @ Neoplasms and cancer
@ Other non-communicable diseases Drowning @ Road traffic injuries @ Natural disasters
@ Self-harm @ Interpersonal violence @ Collective violence @ Otherinjuries

Number of deaths

Western Europe

North America
Eastern Europe and Central

Latin America and%ﬂg
Caribbean

Middle East and North Africa
East Asia and Pacific

Eastern and Southern Africa
South Asia

West and Central Africa

Mortality fractions (%)

0 200000

< M

-
o_
o
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Article DOI: 10.1136/bmj-2025-088687 ® Download data

Fig 3 | Causes of deaths for 5-19 year olds in 2024 by region. An interactive version of this graphic and downloadable data are available at https://public.flourish.studio/visu-

alisation/29053008/

Deaths caused by injuries comprised most of the total deaths among
children and adolescents aged 5-19 years in four regions (59% in
North America, 56% in Eastern Europe and Central Asia, 54% in
Middle East and North Africa, and 51% in Latin America and the
Caribbean) and the largest share in South Asia and East Asia and
Pacific (44% in both). The leading injury related cause of death in
North America was road traffic injuries (3667 deaths, 90% Ul 3507
to 3826; 19.13%, 18.63% t0 19.64%), while collective violence was
the leading cause in Eastern Europe and Central Asia (5069 deaths,
4677 10 54603 15.39%, 14.41% t0 16.36%) and Middle East and North
Africa (14 262 deaths, 8406 t0 20 117; 17.72%, 12.17% t0 23.28%).
Interpersonal violence made up the largest share of injury related
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deaths in Latin America and the Caribbean (13 294 deaths, 12 197 to
14 390; 17.46%, 16.23% to 18.70%).

Deaths caused by non-communicable diseases made up the largest
share in Western Europe (more than 50%), with 2261 deaths (90%
UI 2182 to 2340; 21.07%, 20.42% to 21.71%) because of neoplasms.
The highest burden region for non-communicable diseases was
South Asia, followed by West and Central Africa, Eastern and
Southern Africa, and East Asia and Pacific, with estimates that
ranged between 63 000 and 80 000 deaths caused by
non-communicable diseases. Neoplasms were the leading
non-communicable cause in East Asia and Pacific (21 595 deaths,
15 992 t0 27 198; 14.23%, 12.39% t0 16.06%), South Asia (19 327, 17
120 t0 21 533; 6.44%, 6.09% to 6.79%), and Eastern and Southern
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Africa (12 843, 10 985 t0 14 701; 4.49%, 4.07% t0 4.90%). In West
and Central Africa, diseases of the digestive system were the leading
non-communicable cause (13 206 deaths, 11 130 to 15 281; 3.00%,
2.65% t0 3.34%).

Figure 4 identifies the leading causes of mortality among 5-19 year
olds in 2000 in each of the four highest burden regions. Time trends
of the cause specific mortality rates are displayed, together with
the corresponding average annual rates of reduction in the
millennium development goal (2000-15) and sustainable
development goal (2015-24) periods. During the millennium
development goal period, sub-Saharan Africa saw major reductions
in mortality from CMPN conditions, such as malaria, diarrhoea, and
measles, which were particularly high at the start of the millennium.
Mortality rates continued to decline in 2015-24 for malaria and

diarrhoea at a similar pace in West and Central Africa, but at alower
rate in East and Southern Africa. The negative average annual rate
of reduction for measles during the sustainable development goal
period is attributed to higher rates in 2024 compared with 2015,
although conclusions should be formulated with caution owing to
the uncertainty of the rates, which were already quite low at the
start of the period. In West and Central Africa, for instance, the
measles mortality rate in 5-9 year olds shifted from 0.11 (90% Ul
0.00 to 0.26) deaths per 1000 children in 2015 to 0.15 (0.00 to 0.39)
in 2024. In contrast, HIV/AIDS saw greater progress after 2015. In
South Asia and East Asia and Pacific, declines in cause specific
mortality rates that began in 2000-15 mostly continued in 2015-24
at a similar pace. Supplementary table S7 reports cause specific
mortality rates in 2000, 2015, and 2024, and average annual rate of
reduction estimates for all the regions.
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Cause specific mortality rates and annual average rates of reduction

for 5-19 year olds in high mortality regions
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Cause specific mortality rates and annual average rates of reduction in millennium
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Figure 5 presents causes of death in 2024 by age-sex group and

region, with leading causes highlighted in supplementary table S8.

(0.22t00.39)

5-9 and 10-14 year olds, with 0.42 (90% UI 0.36 to 0.48) and 0.31

deaths per 1000 population, respectively. Among 15-19

Globally, in 2024 malaria was the cause with the highest ratesamong  year olds, self-harm is most prevalent in female adolescents (0.43,
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0.38 t0 0.48) while road traffic injuries caused the highest mortality
rates in male adolescents (0.72, 0.66 to 0.78). We observe a
remarkable regional heterogeneity in age and cause specific
mortality patterns. CMPN conditions comprised a larger proportion
of total deaths in West and Central Africa and Eastern and Southern

Regional cause specific mortality fractions for 5-19 year olds in 2024
Regional cause specific mortality fractions by age-sex group
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Africa than other regions, especially in younger ages. In West and
Central Africa, CMPN conditions made up more than three quarters
of total deaths in 5-14 year olds, with leading causes of malaria,
diarrhoea, and lower respiratory infections.
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In 2024, deaths because of maternal causes among 15-19 year old
female adolescents were highest in West and Central Africa (7215
deaths, 90% UI 4881 to 9548; 13.54%, 10.10% t0 16.97%), Eastern
and Southern Africa (4421, 3213 to 5628; 10.65%, 8.46% to0 12.85%),
South Asia (5077, 3829 to 6325; 8.52%, 7.09% t0 9.95%), and East
Asia and Pacific (1055, 564 to 1546; 5.07%, 3.16% t0 6.99%). Deaths
caused by tuberculosis were highest in South Asia, especially among
5-9 year olds (7913 deaths, 5062 to 10 764; 10.18%, 6.50% to0 13.87%),
15-19 year old female adolescents (7151, 5881 to 8421; 12.00%, 10.14%
to 13.86%) and 15-19 year old male adolescents (10 283, 7401 to 13
165; 12.95%, 9.34% t0 16.56%). HIV/AIDS had the highest share in
Eastern and Southern Africa, comprising 4.07-6.98% of total deaths
across all age-sex groups. Mozambique had the highest number of
HIV/AIDS deaths among 5-19 year olds (3503, 2387 to 3718; 22.48%,
17.05% to 27.91%), followed by Nigeria (2092, 1774 to 2410; 1.19%,
0.88% t0 1.51%) and Uganda (1878, 1575 to 2182; 7.95%, 6.10% to
9.79%).

Injury related causes were more prominent among 15-19 year olds
compared with younger ages. Road traffic injuries ranked among
the top three leading causes for 15-19 year old male adolescents
across all regions. However, intentional injuries, such as self-harm
and interpersonal violence—which were not modelled for younger
ages—emerge as critical factors. Self-harm was a top three leading
cause of death for 15-19 year old female adolescents in all regions.
In Latin America and Caribbean, 12 090 deaths (90% UI 10 996 to
13 183; 35.60%, 33.56% to 37.64%) among 15-19 year old male

10

adolescents are attributed to interpersonal violence. In North
America, the figure drops to 2177 deaths (2042 to 2312), still
representing a substantial 24.15% (23.39% to 24.91%). Mortality
from collective violence is high among 15-19 year old male
adolescents in Eastern and Southern Africa (10 979 deaths, 8545 to
13 413; 15.61%, 12.47% t0 18.74%) because of the Sudanese civil war.
A similar picture is observed in Eastern Europe and Central Asia
(4624 deaths, 4235 to 5013), mostly driven by the Russian invasion
of Ukraine, but representing the largest regional share of 35.12%
(33.36% t0 36.88%). In the Middle East and North Africa, the killings
and destruction perpetuated in Gaza had a devastating impact on
all age-sex groups, leading to 12 098 deaths (6245 to 17 951) among
5-19 year olds in occupied Palestine in 2024.

Discussion

We provide annual cause specific mortality estimates for children
and adolescents aged 5-19 years across geographical and age-sex
groups from 2000 to 2024. The estimates have been reviewed and
endorsed by representatives of WHO member states through country
consultation and are publicly available on an open data portal
managed by Unicef.'# Globally, the leading causes of death in 2024
were road traffic injuries, malaria, and neoplasms. At the regional
and national levels, cause specific mortality patterns varied
markedly by age and geography, reflecting the wide epidemiological
diversity of this age group. However, these leading global causes
can serve as entry points for examining regional variations, age
specific patterns, and the changing drivers of mortality over time.
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Principal findings

Deaths caused by road traffic injuries among 5-19 year olds ranged
from 5% to 19% of the total across all regions in 2024. Although
certain communicable diseases show much higher age and cause
specific rates in high mortality settings and among younger children,
road traffic injuries represent a shared vulnerability across contexts
and throughout adolescence, especially in low mortality regions
and among 15-19 year old male adolescents. After substantial
reductions in road traffic injury deaths during the millennium
development goal period, subsequent gains have been reduced in
Europe and North America. In low and middle income countries,
deaths from road traffic injuries may decline more slowly—or even
start to rise—in the coming years owing to increasing urbanisation
and motorisation.*? In general, injury related causes were more
important at older ages. Self-harm was the leading cause of death
among 15-19 year old female adolescents and the third leading cause
among male adolescents of the same age. Increases in self-harm
and other injuries after 2020, as observed most notably in North
America, could suggest the vulnerability of children and adolescents
to disruptions and behaviour changes caused by the covid-19
pandemic. Although deaths because of the covid-19 virus among
children and adolescents were low, secondary impacts from
pandemic related disruptions may have produced an increase in
risky behaviours and substance abuse.%> Ongoing conflicts in
Palestine, Ukraine, and Sudan have significantly contributed to the
estimated number of deaths from collective violence in recent years.

Malaria remained the second leading cause of death globally in
2024, despite its comparatively limited age range and geographical
distribution. The burden of malaria falls primarily on countries in
West and Central Africa, followed by Eastern and Southern Africa.
Rates of malaria mortality reduction achieved after the turn of the
millennium have decelerated in more recent years, perhaps partially
because of the new malaria vaccine being scaled up. Future progress
remains uncertain as rising temperatures, increased humidity, and
shifting precipitation patterns may alter malaria transmission
dynamics, potentially expanding endemic zones into new areas
and exposing previously unaffected populations.“# Although the
association between malaria and climate change is complex, the
risk in general seems to be increasing.#> Resistance to malaria
treatment”® and reduced efficacy of insecticides because of changes
in mosquito vector species contribute to the risk.4”

Other communicable conditions such as diarrhoea exert a
considerable toll as the second and fourth leading cause of death
among 5-9 and 10-14 year olds, respectively. While the burden falls
much more on children under 5,” research indicates that the risk
from common bacterial (eg, Escherichia coli) and viral (eg, rotavirus)
pathogens continues in children at later ages.*® Diarrhoea can
usually be effectively managed through a combination of rotavirus
immunisation for infants, oral rehydration solutions and zinc
supplements, and preventative measures aimed at improving water
quality, sanitation, food safety, and hygiene; though coverage and
uptake of interventions is uneven.“® Using cholera and rotavirus
vaccines may also interrupt outbreaks,“° which are more likely with
extreme weather, humanitarian crises, and in fragile settings with
strained public health infrastructure.>®

Substantial progress has been achieved in reducing HIV/AIDS
related deaths since the peak of the epidemic in the mid-2000s,
particularly in Eastern and Southern Africa. Substantial financial
and technical support from the United States and
Europe—channelled through international aid agencies and bilateral
initiatives such as PEPFAR (US President’s Emergency Plan for AIDS
Relief)—has been instrumental in expanding access to HIV/AIDS
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treatment and prevention.>* However, recent funding cuts,
particularly from the US,>? have created critical gaps in programme
coverage and sustainability. These disruptions are especially
concerning for children and adolescents, who already face structural
and social barriers in accessing and adhering to HIV treatment and
prevention services.>3 Without renewed commitment and
investment, these setbacks threaten to reverse gains, leading to a
potential resurgence in new infections and HIV/AIDS related
mortality.>%

Maternal mortality is another area of concern where progress has
stalled since 2015 and more than 80% of countries risk missing the
sustainable development goal target 3.1 of fewer than 70 deaths per
100 000 live births by 2030.5> Although the interventions to prevent
or manage maternal complications are well established, quality
assured timely delivery remains a challenge in settings where
healthcare systems are weak and access is uneven.>® Among
adolescent girls in particular, key health interventions include
comprehensive sexual and reproductive health education, improving
access to modern contraception to prevent unwanted pregnancies,
prevention and management of anaemias, and psychosocial support
and related services for mental health and wellbeing.>’

Policy implications

As mortality rates from leading causes have declined over the years,
maintaining the same pace of reduction becomes more challenging,
making it necessary to focus on causes that have not previously
been prioritised for children and adolescents. These causes may
include child cancer and other non-communicable diseases, which
represent a larger share in high income countries and regions, and
are becoming more relevant in low and middle income countries.
In Eastern and Southern Africa, for instance, the share of neoplasm
and cancer deaths among 5-9 year olds rose from 0.76% (90% UI
0.59% t0 0.93%) in 2000 t0 4.05% (3.36% to 4.74%) in 2024, and a
similar increase has been observed in South Asia.

Neoplasms in children and adolescents remain difficult to diagnose
in low and middle income countries because of health system
limitations, including shortages in paediatric oncology workforces,
limited diagnostic infrastructure, and low awareness of early cancer
symptoms and screening access. These constraints often lead to
misdiagnosis or delayed diagnosis and advanced presentation
associated with suboptimal survival.>® 5 Despite these barriers, the
share increase could be explained by population growth, increasing
neoplasm incidence,®° and gradual improvements in diagnostic
capacity and reporting systems.’! °2 In this evolving landscape, a
need exists for feasible, cost effective treatments to broaden
intervention priorities aimed at reducing mortality and disability.
Previous research has shown the positive impact of cancer
treatments for 0-19 year olds in low and middle income countries,®3
with a cost effectiveness that may be comparable to that of certain
communicable diseases.?

Late childhood and adolescence constitutes a sensitive
developmental period, during which people navigate evolving
physical and mental health needs, and increased vulnerability to
behavioural and societal risks. This is also a critical window when
interventions and the maintenance of good health can have
enduring benefits for people and societies alike.® With five years
left in the sustainable development goal period, improving survival
in children and adolescents requires multisectoral action beyond
health, including education, infrastructure, sanitation, and law
enforcement. Building on past gains in reducing under 5 mortality,”
resources should extend to prevent and treat injuries and
non-communicable diseases in 5-19 year olds. The global health
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community is increasingly focused on this age group,>’ but to make
progress, investments are needed in strengthening data systems,
including birth and death registration, to ensure life saving
interventions reach those in greatest need.

Strengths

Our study has several notable strengths. Firstly, it draws on a
systematic review of cause of death studies for children and
adolescents.?> Secondly, we generated a large covariate database
encompassing a wide range of domains and data sources, which
were incorporated into the models in a systematic and consistent
manner. Together with the inclusion of single cause data from
disease specific estimation groups, this approach enhances the
precision and internal consistency of the results. Thirdly, the
estimation process includes a formal country consultation step
allowing national experts to review, validate, and contribute
contextual information to the findings. WHO coordinated this
process through an organisational memo to member states, who
nominated focal points from national statistical agencies and
ministries of health to review the data sources and preliminary
cause of death estimates. Finally, the analysis underscores the
importance of transparency at every stage—from data inputs and
model assumptions to communicating uncertainty—enhancing the
reproducibility and credibility of the estimates while ensuring
broader access to the data.

Challenges

This work is also subject to a few limitations. The primary challenge
is one of data scarcity. High quality data remain limited in quantity
and geographical coverage, particularly for older age groups, where
causes of death become more diverse. This scarcity is most acute
for 15-19 year old male adolescents, for whom we have 34% fewer
data points than the 5-9 year age group. High quality vital
registration data are largely confined to high income countries
where deaths are least frequent, while for high mortality settings,
our models depend predominantly on verbal autopsy studies, few
of which are nationally representative. We are lacking cause of
death data for the age groups under study for most high mortality
model countries. Therefore, we rely on our models to identify
patterns of cause of death distributions from the available data that
can be used to predict patterns elsewhere.

We acknowledge the fundamental difference in reliability between
cause of death from high quality vital registration systems and
verbal autopsy. Although verbal autopsy can identify certain causes
with clear symptom patterns, accuracy is limited for many other
causes, particularly those that are less clinically distinct® or subject
to reporting biases.®® This limitation has implications for the
reliability of model based estimates for high mortality model
countries, which rely on verbal autopsy data for model training.
We attempt to reflect this through the uncertainty intervals, which
tend to be wider for high mortality model countries. However, these
intervals may not fully capture differences in the underlying quality
of input data or the additional uncertainty inherent in verbal autopsy
derived causes of death. Furthermore, we strive to account for many
sources of uncertainty, but we did not account for uncertainty in
covariates.

Improving the quantity and quality of cause of death data in high
burden settings should be a priority. Putting in place data collection
systems, such as sample registration systems, is a promising avenue
for generating high quality population data with lower
administrative and financial demands than civil and vital
registration systems. Additionally, improving verbal autopsies with
Al presents new opportunities for research. Within the CA CODE
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group, we have used data from the CHAMPS (Child Health and
Mortality Prevention Surveillance) study®’ to assess systematic
misclassification of cause of death by verbal autopsy algorithms
and calibrate cause of death estimation models for children under
5.1568 Unfortunately, similar data for older age groups are lacking.
Expanding this work to include 5-19 year olds would enable more
accurate estimates based on verbal autopsy data.

What is already known on this topic

® Although nearly all deaths among children and adolescents aged 5-19
years are attributable to preventable causes, this age group receives
comparatively less attention in global health policy and research than
younger children and adults

® Cause of death data for children and adolescents are most limited in
regions with the highest mortality burden where vital registration is
incomplete or non-existent

® Other global estimation exercises have combined data from vital
registration and verbal autopsy studies, and general and special
populations—a limitation that previous work began to address and
this study extends further

What this study adds

® This study provides updated global, regional, and national cause
specific mortality estimates for children and adolescents aged 5-19
years from 2000 to 2024

® Road traffic injuries, malaria, and neoplasms were found to be the
three leading causes of death in 5-19 year olds globally in 2024, with
large variations by age, sex, and geography

Progress in reducing deaths caused by communicable conditions has
slowed since 2015, with these causes still exerting a considerable
toll in high mortality settings and among younger children
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