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50-year mortality trends in children and young people: a study
of 50 low-income, middle-income, and high-income countries

Russell M Viner, Carolyn Coffey, Colin Mathers, Paul Bloem, Anthony Costello, John Santelli, George C Patton

Summary
Background Global attention has focused on mortality in children younger than 5 years. We analysed global mortality
data for people aged 1-24 years across a 50-year period.

Methods The WHO mortality database was used to obtain mortality data from 1955 to 2004, by age-group (1-4, 5-9,
10-14, 15-19, and 20-24 years) and stratified by sex. To analyse change in mortality, we calculated mortality rates
averaged over three 5-year periods (1955-59, 1978-82, and 2000-04) to investigate trends in deaths caused by
communicable and non-communicable diseases and injury.

Findings Data were available for 50 countries (ten high income, 22 middle income, eight low income, seven very low
income, and three unclassified), grouped as Organisation for Economic Co-operation and Development (OECD)
countries, Central and South American countries, eastern European countries and ex-Soviet states, and other countries.
In 1955, mortality was highest in the 1-4-year age-group. Across the study period, all-cause mortality reduced by 85-93%
in children aged 1-4 years, 80-87% in children aged 5-9 years, and 68-78% in young people aged 10-14 years in OECD,
Central and South American, and other countries. Smaller declines (41-48%) were recorded in young men (15-24 years),
and by 2000-04, mortality in this group was two-to-three times higher than that in young boys (1-4 years). Mortality in
young women (15-24 years) was equal to that of young girls (14 years) from 2000 onwards. Substantial declines in death
caused by communicable diseases were seen in all age-groups and regions, although communicable and non-
communicable diseases remained the main causes of death in children (1-9 years) and young women (10-24 years).
Injury was the dominant cause of death in young men (10-24 years) in all regions by the late 1970s.

Interpretation Adolescents and young adults have benefited from the epidemiological transition less than children
have, with a reversal of traditional mortality patterns over the past 50 years. Future global health targets should
include a focus on the health problems of people aged 10-24 years.

Funding None.

Introduction

Global mortality trends in children and young people
have been little studied, even though more than two-
fifths of the world’s population is aged 5-24 years. A
strong international focus on reduction of mortality in
children younger than 5 years (Millennium Development
Goal 4)! has reduced early childhood mortality by 35%
since 1990, resulting in increased population sizes in
later childhood (age >5 years) and adolescence. By
comparison, mortality in later childhood and adolescence
has been neglected, with the assumption that this period
is the healthiest time of life.* However, during the past
50 years, global social, economic, and political changes
have adversely affected patterns of health and disease in
adolescents and young adults.’

In the 2007 World Development Report,® the World
Bank concluded that adolescent health has substantial
long-term effects on development and deployment of
social and economic capital. Yet international data on
mortality in children aged 5 years and older and young
people are largely limited to cross-sectional data,”” or
inclusion within studies of adult mortality® In a
systematic review done on Jan 17, 2011, we did not identify
any longitudinal studies of global mortality in people

Key messages

« In2000-04, mortality in people aged 15-24 years was
higher than that in children aged 1-4 years in most
countries studied, with the exception of some very
low-income countries. Mortality in young men
(15-24 years) was two-to-three times higher than that
in boys (1-4 years).

+ Mortality in children aged 1-9 years declined by 80-93%
in the 50 years up to 2004, due largely to steep declines in
mortality from communicable diseases.

+ Improvements in mortality in young people aged
15-24 years were half that in children, due largely to static
or rising injury-related mortality, particularly in young men.

« Violence and suicide became increasingly important
causes of death in young people in the second half of the
20th century, together making up a quarter to a third of
mortality in young men aged 10-24 years in all regions by
2000-04.

+ The changing patterns of mortality suggest that future
global health targets should have an increased emphasis
on the health of adolescents and young adults.
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aged 5-24 years. In the past 40-50 years, mortality from
transport injuries, suicide, and homicide has risen in
adolescents and young adults in high-income
countries.*** Mortality in young people aged 15-24 years
in the UK has exceeded that in children aged 14 years
since the 1970s, a reversal of the traditional understanding
of mortality in children and youth.”

A scarcity of data disaggregated by age has been a
barrier to understanding mortality in people aged
5—24 years because these people are typically included in
age-groups of 0-14 or 15-44 years. The WHO mortality
database now collates historical registration data
disaggregated by age. We used these data to examine
international mortality trends in mortality from
communicable and non-communicable diseases and
injuries in children and young people during the 50 years
from 1955 to 2004. We limited our study to people aged
1-24 years because infant mortality has already been
extensively studied.

Methods

Study design

The WHO mortality database records numbers and
causes of death (International Classification of
Diseases 7-10) registered by WHO member states from
1950. We accessed the WHO mortality database on
March 26, 2010, and obtained data aggregated in the age-
groups of 1-4, 5-9, 10-14, 15-19, and 20-24 years,
stratified by sex. We used a modified global burden of
disease classification of causes of death® (panel 1).

Few countries had contiguous data from 1950 onwards
and data varied in completeness between years within
countries. WHO assessments of completeness of death
registration data were used to reject unreliable data. We
selected a cohort of countries according to three criteria:
country recruitment to the WHO mortality database
started in 1955 and continued until the midpoint (1980);
countries were permitted to have only 2 successive years
of missing data; and datasets had to have at least 70%
completeness.

Countries were categorised by their gross national
income per person at purchasing power parity in 1980,
or the first year thereafter when data were recorded, as
high income, middle income, low income, or very low
income according to World Bank data and cutpoints.
We chose not to use a strict classification of country
income for analytical purposes because of a substantial
category shift during the 50 years of the study; such an
approach would have classified the UK and Japan as
middle-income countries. Instead we chose to use a
semi-regional approach; we categorised all 21 countries
that were members of the Organisation of Economic
Co-operation and Development (OECD) by 1980 as a
separate group, irrespective of actual income. Countries
outside the OECD in 1980 were classified as middle,
low, or very low income, and were then classified by
region. Data for all eastern European countries were
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Panel 1: Global burden of disease classification of causes
of death

Communicable and non-communicable diseases

Group 1

» Communicable (infectious), perinatal, and nutritional
disorders, excluding maternal disorders

» Maternal disorders—eg, eclampsia or haemorrhage
leading to maternal death

Group 2
+ Non-communicable disorders—eg, diabetes, epilepsy,
cardiovascular disease, asthma, and mental health disorders

Injury

Group 3: unintentional injury

+ Transport injuries; this category is more inclusive than,
but is substantially attributable to, road traffic injuries

+ Other unintentional injury

Group 3: intentional injury

+  Self-inflicted injury—ie, suicide

+ Violence, including assault and war, though
substantially assault

included in analyses from 1980 onwards, the year that
Russia entered the study cohort, as few data were
available before this.

Ethics committee approval was not required for these
secondary analyses of national registration data.

Statistical analysis

We calculated the proportion of deaths per
100000 population or per 100000 person-years of
observation in each age-group with population data from
the WHO mortality database, or where missing, from
UN estimates. To analyse change in mortality, we
calculated mortality rates averaged over 5-year periods at
baseline (1955-59), the study midpoint (1978-82), and
the study endpoint (2000-04). Separate analyses are
shown for children (1-9 years) and young people
(10-24 years) according to WHO age categorisation.
Analyses were done with Stata (version 10.0).

Role of the funding source

There was no funding source for this study. The
corresponding author had full access to all the data in
the study and had final responsibility to submit the
report for publication.

Results

50 countries conformed to the eligibility criteria, and
95% of the country datasets for each year had at least
80% completeness. Of the 21 OECD countries, ten were
high income and 11 were middle income. The remaining
29 countries were middle, low, or very low income or
unclassified, of which 15 were from eastern Europe
(including ex-Soviet states in Asia), ten were from

For more on the WHO mortality
database see http://www.who.
int/healthinfo/morttables/en

For more on estimated
completeness of data see
http://apps.who.int/whosis/
database/mort/table3.cfm

For more on World Bank
cutpoints see http://data.
worldbank.org/about/country-
classifications

For more on OECD see
http://www.oecd.org
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All-cause mortality per 100000 Yearof entry Proportion of years Average population  Gross national
person-years of observation (2000-04) into cohort  with data available aged 1-24 years income (1980)*
after entry into cohort  (2000-04; in millions)
Australia 1955 100% 64 High income
Austria 1955 100% 22 High income
Canada 1955 100% 9-8 High income
Denmark 1955 100% 1.5 High income
Finland 1955 100% 1.5 Middle income
France 1955 100% 181 Middle income
Greece 1961 100% 30 Middle income
Iceland 1955 100% 01 High income
- Ireland 1955 100% 14 Middle income
% Italy 1955 98% 14-0 Middle income
§ Japan 1955 100% 318 Middle income
Q Luxembourg 1967 100% 01 High income
° Netherlands 1955 100% 47 High income
New Zealand 1955 100% 14 Middle income
Norway 1955 100% 14 High income
Portugal 1955 98% 30 Middle income
Spain 1955 98% 11-2 Middle income
Sweden 1955 100% 2:6 Middle income
Switzerland 1955 100% 2.0 High income
UK 1955 98% 17-8 Middle income
USA 1955 100% 971 High income
Azerbaijan 1981 92% 38 Very low income
Belarus 1981 83% 32 Low income
% Bulgaria 1980 100% 22 Low income
g Estonia 1981 92% 0-4 Middle income
8 Hungary 1980 100% 3.0 Middle income
_é Kazakhstan 1981 92% 65 Middle income
E Kyrgyzstan 1981 92% 2:6
% Latvia 1980 100% 07 Low income
§ Lithuania 1981 92% 11 Middle income
5 Poland 1980 92% 130 Middle income
§ Moldova 1981 92% 14 Low income
._.E_. Russia 1980 100% 45.9 Middle income
‘,% Tajikistan 1981 92% 38 Very low income
. Ukraine 1981 92% 149 Middle income
Uzbekistan 1981 88% 13-8 Very low income
9 Belize 1980 84% 01 Very low income
= Chile 1955 100% 66 Very low income
§ Costa Rica 1980 100% 2:0 Low income
é Cuba 1964 95% 36
§ Guatemala 1963 88% 71 Very low income
_‘CS Mexico 1958 100% 50-2 Low income
2 Saint Lucia 1972 76% 01
E Trinidad and Tobago 1955 96% 0.6 Middle income
% Uruguay 1955 86% 13 Low income
S Venezuela Age-group 1966 92% 12:6 Middle income
9 Israel [ 1-4 years 1975 100% 28 Middle income
% Mallta = i;)?ly:?/r:ars 1965 100% 01 Low incorﬂe
; Mauritius B 15-19 years 1961 100% 05 Very low income
g Singapore B 20-24years 1963 100% 11 Middle income
1 T T T T T T T 1
0 50 100 150 200 250 300 350 400

Figure 1: Characteristics of countries included in the cohort by region
OECD=0rganisation of Economic Co-operation and Development. --=unclassified. *Countries were categorised according to gross national income per person at
purchasing power parity in 1980 or the first year thereafter when data were recorded.
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Central and South America, and four from disparate
regions (other countries) were small nations that have
undergone very rapid economic development in the past
25 years (figure 1)z. The three unclassified countries
(Kyrgyzstan, Cuba, and Saint Lucia) were almost
certainly low income or very low income. In the
50 countries, the combined population aged 1-24 years
in 2000-04 was 436 million, representing 15% of the
global population of this age.” In all but one country
(Saint Lucia), all-cause mortality in 2000-04 was lower
in children aged 1-4 years than in those aged 5-9 years,
was lowest between 5 and 14 years, and rose sharply
from 15-19 years onwards (figure 1). In OECD and most
middle-income countries, mortality was higher in young
people aged 15-24 years than in children aged 1-4 years.
In low-income countries, mortality in children aged
1-4 years was substantial, resulting in a U-shaped
histogram, but did not surpass mortality in young
people aged 20-24 years. In the very low-income eastern
European countries, children aged 1-4 years had the
highest mortality.

In 1955, all-cause mortality was highest in children
aged 1-4 years, lowest in the age-groups of 5-9 and
10-14 years, and then increased with age in both sexes
(figure 2). Childhood mortality (1-9 years) was highest in
1955-60 and declined steadily over the next 50 years, with
no substantial difference between sexes. Mortality in
young people aged 15-24 years declined slightly across
the 50 years, with secondary peaks in the early 1980s and
again in the late 1990s that were most obvious in young
men. Mortality in boys aged 14 years reduced below that
of young men aged 20-24 years from the mid-1970s and
young men aged 15-19 years from the early 1990s. By
2000-04, mortality in young men aged 15-19 years and
20-24 years was, respectively, two and three times higher
than that in boys aged 1-4 years. Mortality in young girls
aged 14 years decreased to be equivalent to that in young
women aged 20-24 years from 2000 onwards.

The study period began with large differences in all-
cause mortality between regions for both children
(1-9 years) and young men (10-24 years), and ended with
similar mortality rates across regions (figure 3). Mortality
trends in children were similar across regions and sexes
whereas mortality trends in young people differed
between regions and sexes. Proportional reductions in
mortality were much lower in young people than in
children in all regions (figure 3, table). Mortality in
eastern European countries had a bimodal distribution,
with a second peak during the 1990s in both sexes.

We analysed the data by cause of death (table)—
communicable and non-communicable diseases and
injury—and separated the data for children (1-9 years,
figure 4) and young people (10-24 years, figure 5). In
the late 1950s, communicable and non-communicable
diseases caused the overwhelming majority of childhood
deaths in all regions for which data were available
(figure 4). However, by 1978-82, deaths from
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Male sex
400 . Age at death
| — 1-4 years
350 : — 5-9years

3 —— 10-14 years
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0 T T T i T T T T
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1980

Female sex
400

350+
300
250
200+

150 :

0 T T T : T T T T
1955 1962 1969 1976 |1983 1990 1997 2004

Deaths per 100000 population

1980

Figure 2: All-cause mortality per year from 1955 to 2004 by sex and
age-group for all participating countries

A discontinuity is shown at 1980 because of entry of eastern European countries
and ex-Soviet states into the cohort.

communicable diseases had reduced by ten to 30 times
in these regions. By contrast, mortality from non-
communicable diseases declined little in OECD and
other countries and rose slightly in Central and South
American countries. In the second half of the study
period, mortality from communicable and non-
communicable diseases reduced in all four regions,
however, the proportion of childhood mortality due to
these diseases remained steady at about 65% in
OECD and eastern European countries, and 75% in
Central and South American and other countries
(figure 4).

In the late 1950s, communicable and non-
communicable diseases, including maternal disorders,
caused 70% of all deaths in young women (10-24 years)
from OECD countries and nearly 90% in those from
Central and South American and other countries, but
only 40-60% of mortality in young men except in other
countries (70%; figure 5). Maternal disorders caused 9%
of deaths in young women in Central and South American
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1-9 years, boys
1000

Region

—— OECD countries
900+ —— Eastern European countries and ex-Soviet states
—— Central and South American countries
—— Other countries

800
700
600
500
400+

300

Deaths per 100000 population

200+

100

1-9 years, girls

10-24 years, young men
1000

900
800
700+
600
500
400

300

Deaths per 100000 population

zoo—%
100‘%

10-24 years, young women

i u«/\\

0

T T T T T T T
1955 1962 1969 1976 1983 1990 1997 2004

T T T T T T T
1955 1962 1969 1976 1983 1990 1997 2004

Figure 3: All-cause mortality per year from 1955 to 2004 in children aged 1-9 years and young people aged 10-24 years by region and sex

OECD=0rganisation of Economic Co-operation and Development.

countries, 5% in other countries, and 4% in OECD
countries. Mortality from communicable and non-
communicable diseases then declined substantially
across the study period in both sexes, largely because
deaths due to communicable diseases reduced by
20-50 times. By 1978-82, communicable and non-
communicable diseases caused around a third of deaths
in all regions in young men, although it continued to be
the dominant cause of mortality in young women. Across
the study period, maternal mortality reduced by 12 times
in OECD countries, seven times in Central and South
American countries, and 40 times in other countries,
accounting in 2000-04 for 6% of mortality in young
women in Central and South American countries but
only 1% in other regions (figure 5).

In the late 1950s, injuries accounted for 24% of
mortality in children (1-9 years) in OECD countries and
less than 10% of childhood mortality in Central and
South American and other countries (figure 4). Although
injury-related deaths reduced by three-to-five times across
the study period in all regions, they increased as a
proportion of childhood mortality, accounting by 2000-04
for 36% of mortality in OECD and eastern European
countries, and 25% of mortality in Central and South

American and other countries. The dominant causes of
injury deaths in children were transport and other non-
intentional injuries in all regions. Violence was a
negligible cause of childhood deaths at the beginning of
the study period (1% in all groups), but increased by
2000-04 to account for 5% of mortality in OECD and
eastern European countries, 2% of mortality in Central
and South American countries, and 3% of mortality in
other countries. Deaths due to suicide were extremely
uncommon during childhood across the study (figure 4).

Injury became a dominant cause of mortality in young
men (1024 years) during the study period, and contributed
substantially to mortality in young women across all
regions by 2000-04 (figure 5). In the late 1950s, injuries
accounted for a third of mortality in young men in other
countries, two-fifths in Central and South American
countries, and three-fifths in OECD countries. Proportions
were lower in young women. Injury-related mortality rose
across the first half of the study period in both sexes in
OECD, Central and South American, and other countries,
and by 1978-82 was established as the main cause of
death in young men in all regions and in young women
in OECD and eastern European countries. This pattern
changed little thereafter.

www.thelancet.com Vol 377 April 2, 2011
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Change in mortality from 1955-59 to 1978-82

Change in mortality from 1978-82 to 2000-04

Change in mortality from 1955-59 to 2000-04

Communicable Injuries All causes Communicable  Injuries All causes Communicable  Injuries All causes
and non- and non- and non-
communicable communicable communicable
causes causes causes
Male Female  Male Female Male  Female Male Female Male Female Male Female Male Female Male Female Male Female
sex sex sex sex sex sex sex sex sex  sex sex sex sex sex sex sex sex sex
OECD countries by age-group (years)
1-4 75% 77% 36% 40% 66% 70% 53% 52% 60% 58% 56%  54% 88% 89% 74% 75% 85% 86%
5-9 64% 67% 34% 27% 53% 58% 51% 48% 66%  57% 59% 52% 82% 83% 78%  68% 81% 80%
10-14 55% 59% 22% 3% 41% 47% 40% 39% 51%  40% 46%  39% 73% 75% 62% 41% 68% 68%
15-19 50% 60% -24% -23% 7% 33% 32% 32% 38%  27% 37%  29% 66% 73% 23% 10% 41% 52%
20-24 52% 67% -6% -4% 16% 47% 23% 26% 32%  29% 30%  28% 63% 76% 28% 27% 41% 61%
Eastern European countries and ex-Soviet states by age-group (years)*
1-4 60% 61% 59%  59% 60% 61%
59 59%  59%  65% 60% 62%  60%
10-14 55% 57% 54%  48% 54%  53%
15-19 60% 52% 46%  31% 51%  41%
20-24 46% 42% 40%  18% 42% 32%
South and Central American countries by age-group (years)
1-4 80% 81% 16% 29% 78% 80% 67% 69% 46%  44% 64% 67% 94% 94% 55% 60% 92% 93%
5-9 71% 74% -5% 5% 61% 68% 62% 62% 58%  59% 61% 61% 89% 90% 56% 61% 84% 87%
10-14 63% 65% -12% -25% 44% 55% 47% 49% 50%  45% 49%  48% 81% 82% 44% 31% 71% 76%
15-19 61% 62% -25% -20% 25% 51% 37% 50% 25%  37% 29%  46% 75% 81% 7% 25% 47% 73%
20-24 60% 65% -26% -28% 19% 56% 33% 54% 33% 43% 33% 51% 74% 84% 16% 27% 46% 78%
Other countries by age-group (years)t
1-4 81% 95% 42% 34% 61% 66% 63% 69% 53% 49% 61% 66% 93% 95% 73% 67% 91% 93%
5-9 74% 84% 19% 41% 59% 58% 56% 59% 64%  54% 59%  58% 87% 89% 71% 73% 85% 87%
10-14 60% 69% 27% 21% 51% 57% 52% 59% 50% 52% 51% 57% 81% 81% 63% 62% 76% 78%
15-19 56% 41% -21% -32% 37% 47% 58% 57% 20%  31% 37%  47% 75% 85% 3% 8% 48% 73%
20-24 64% 51% 7% 2% 22% 47% 45% 56% 8% 34% 22%  47% 74% 90% 2% 36% 44% 83%

Positive values indicate improvement in mortality. OECD=Organisation of Economic Co-operation and Development. *No data were available until 1980. tData from 1961 to 1965 used for the earliest phase.

Table: Improvement in mortality person-years of observation from 1955-59 to 1978-82, from 1978-82 to 2000-04, and from 1955-59 to 2000-04, expressed as percentage of mortality
in people aged 1-34 years in 1955-59, 1978-82, and 1955-59, respectively, by age-group and sex

Transport injuries caused the greatest proportion of
injury-related deaths in young people (10-24 years) of
both sexes across most of the study period in all regions,
except in Central and South American countries, in which
violence caused most injury-related deaths in young men.
Mortality from transport injuries increased across the
first 25 years of the study to peak in the 1970s in OECD,
Central and South American, and other countries,
declining thereafter in these regions and in eastern
European countries. Violence-related mortality increased
in young men and women across all regions during the
study period, both in absolute rate and as a proportion of
overall mortality. In the late 1950s, violence accounted for
8% of deaths in young men from Central and South
American countries, but only 1% of deaths in young
women from these countries, and only 1% of deaths in
young people of both sexes from OECD and other
countries. By 2000-04, violence accounted for a third of
deaths in young men in Central and South American
countries, two-fifths of deaths in young men in eastern

www.thelancet.com Vol 377 April 2,2011

European countries, and 8-15% of mortality in other
groups of young men and women.

Suicide was a negligible cause of death (=2%) in the
late 1950s except in OECD countries where it accounted
for 10% of mortality in young men and women
(10-24 years). In young men, deaths from suicide rose
steadily across the study period in Central and South
American and other countries, rose from the 1970s
onwards in OECD countries, and peaked in eastern
European countries in the late 1990s. By 2000-04, suicide
accounted for 14-16% of deaths in young men in all
regions except Central and South American countries
(7%). By contrast, suicide rates in young women declined
across the study period in OECD and Central and South
American countries and declined across the second half
of the study period in eastern European countries, but
nearly doubled in other countries between the early 1960s
and 2000-04. By 200004 suicide was responsible for 11%
of deaths in young women in OECD countries, 6% in
Central and South American countries, 8% in eastern
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OECD countries

Rate ratio (2000-04 to 1955-59)
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I Non-communicable diseases
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Eastern European countries and ex-Soviet states

[ Other non-intentional injuries
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40
30
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Other countries

Rate ratio (2000-04 to 1961-64)
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Figure 4: Causes of death in children aged 1-9 years from 1955 to 2004 by region

The scale for deaths per 100 000 population differs between regions. Data begin for eastern European countries and ex-Soviet states in 1980, and for other
countries in 1961. Suicide and maternal deaths are not included because of very low occurrence. Data are shown for both sexes combined because we recorded no
substantial differences in mortality between the sexes. OECD=Organisation of Economic Co-operation and Development. --=data could not be calculated because of

very low occurrence.
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European countries, and 13% in other countries. Other
non-intentional injuries were the only type of injury-
related death to decrease across the study period both in
absolute rate and as a proportion of overall mortality in
young men, accounting for about 15% of overall mortality
in 2000-04 across region. In young women, reductions
in rates of non-intentional injuries also decreased across
the study period, although the contribution of these
injuries to overall mortality remained largely stable at
7-13% (figure 5).

Discussion

This report presents a unique international overview of
mortality trends in children after infancy, adolescents,
and young adults in 50 countries of high, middle, and
low income between the mid-20th century and the first
years of the 21st century (panel 2). Overall mortality
declined substantially between 1955 and 2004 in children
and young people aged 1-14 years, and young women
(15-24 years), but improvement in mortality was much
lower in young men (15-24 years).

In the 1950s, mortality in early childhood (1-4 years)
greatly exceeded that of all other age-groups in all
regions. Early childhood mortality subsequently declined
substantially in each region, with annualised yearly
declines of 1-7-1-8% in Central and South American
and OECD countries, and 2-0% in other countries.
Eastern European countries had a 2-4% annual decline
in mortality between 1978-82 and 2000-04. These data
are similar to Rajaratnam and colleagues™ report of
annual decline in global mortality of 2-2% in children
aged 14 years between 1970 and 2010. We did not include
data for infant mortality (<1 year) in our study because
most causes of death in infancy are unique to that period
(eg, prematurity, birth asphyxia, and neonatal sepsis),
and we believe that children and young people
(5-24 years) have been neglected in mortality studies.
However, in 2000-04, infant mortality continued to
exceed mortality in all other age-groups assessed in our
study in all regions (data not shown).

The 5-14-year age-group had the lowest mortality across
the study period, and we recorded large yearly declines in
mortality in children aged 5-9 years (1-6-2-0%) and
young people aged 10-14 years (1-4-2-0%). By contrast,
improvements in mortality in young men (15-24 years)
were much lower, with yearly declines of 0-8-0-9%. We
recorded intermediate improvements in mortality in
young women (15-24 years), with reductions of 1-2-1-7%
per year. These differentials in mortality reductions drove
a reversal of historical mortality patterns, with mortality
in the 1-4-year age-group falling to below that of young
men aged 20-24 years from the mid-1970s and young
men aged 15-19 years from the early 1990s, and to
become equal to that of young women (20-24 years) by
the end of the 20th century.

For both children and young people in OECD, Central
and South American, and other countries, all-cause
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mortality declined steadily across the study period, with
greater gains in the first half of the study period than in
the second half. However, mortality in young people
(10-24 years) in eastern European countries showed a
clear peak in the last 15 years of the 20th century, which
is probably due to well described rises in mortality in the
aftermath of the fall of communism.”

The differences in mortality trends between children
and young people resulted largely from differing trends
in injury mortality, because all age-groups had precipitous
declines in mortality from communicable diseases and
slight declines in mortality from non-communicable
diseases. The only exceptions were temporary peaks in
mortality from communicable and non-communicable
diseases in the mid-1990s in eastern European countries.
Maternal mortality was an important cause of death in
young women (10-24 years) in the mid-1950s but reduced
substantially in the first half of the study period to become
a negligible cause of death (1% of overall mortality) in
OECD, eastern European, and other countries and a
minor cause (6%) in Central and South American
countries by 2000-04. Although maternal mortality
remains high in many low-income and middle-income
countries, particularly in sub-Saharan Africa, our data
are consistent with global trends of substantial reductions
in maternal mortality across all regions in the past
20 years."”

Trends in injury-related mortality diverged between
children (1-9 years) and young people (10-24 years)
during the study period. Injury-related mortality reduced
by three-to-five times in children and was responsible for
25-36% of childhood mortality in 2000-04, similar to
previous estimates.® By contrast, injuries dominated
mortality in young men (10-24 years) by the start of the
21st century in all regions, causing 70-75% of overall
mortality. Injuries also became the dominant cause of
mortality in young women in OECD and eastern European
countries (53-55%), but played a lesser role in Central
and South American (35%) and other (46%) countries.
These shifts were indicative of the substantial reduction
in mortality caused by communicable and non-
communicable diseases, and the small declines or, in
some cases, rises in mortality from violence, suicide, and
transport injuries. These trends are consistent with
individual country data from the USA,? UK,” and Israel."

In children, non-intentional injuries, including transport
injuries, were the most common causes of injury-related
deaths, with violence and suicide responsible for few
deaths in all regions. The early growth and later decline in
transport injuries in all regions is indicative of similar
international changes across all age-groups, and probably
relates to the introduction of road safety measures in
mature economies.” In young people, transport mortality
dominated injury-related mortality across the study
period in both sexes in OECD, eastern European, and
other countries and in young women in Central and
South American countries, whereas violence dominated
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Figure 5: Causes of death in
young people aged

10-24 years from 1955

to 2004 by region and sex
The scale for deaths per
100000 population differs
between regions. Data begin
for eastern European countries
and ex-Soviet states in 1980,
and for other countries in 1961.
OECD=O0rganisation of
Economic Co-operation and
Development.
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injury-related mortality in young men in Central and
South American countries.

Violence and suicide became increasingly important
causes of death in young men during the study period,
together making up a quarter to a third of mortality in all
regions by 2000-04. These causes of death might have
been under-reported 50 years ago, but we believe these
trends to be genuine. In our study, violent deaths far
outweighed suicide in young men (10-24 years) from
Central and South American countries, although findings
from other studies show that the extent to which suicide
deaths are misclassified in Latin American countries is
unclear.” These findings are consistent with country-level
reports of rises in youth mortality related to suicide®”
and violence? in high-income and middle-income
countries during the second half of the 20th century.

Our data are consistent with previous suggestions that
children aged 14 years, and girls and women benefit

Panel 2: Research in context

Systematic review

In a systematic review with the search terms
“mortality”[MeSH] AND (“adolescent”[MeSH] OR “young
adult"[MeSH]) AND “longitudinal studies”[MeSH] AND
(“internationality”[MeSH] OR “world health”[MeSH]), we did
not identify any previous studies of global trends in all-cause
and cause-specific mortality in people aged 5-24 years.
Although mortality in children younger than 5 years has been
studied extensively, global mortality data for children aged

5 years and older, adolescents, and young adults are limited
to cross-sectional data or inclusion within studies of adult
mortality. In studies from high-income countries, mortality
from transport injuries, suicide, and homicide has risen in
adolescents and young adults in the past 50 years.>**

Interpretation

This international study is the first to examine trends in
cause-specific mortality in people aged 1-24 years from
countries of high, middle, and low income across the second
half of the 20th century, with the aim to inform policy action
to improve health in young people. We showed that, in
2000-04, mortality in people aged 15-24 years was higher
than that in children aged 1-4 years in most countries
studied, with the exception of some very low-income
countries. Mortality in children aged 1-9 years reduced by
80-93%, largely because of very steep declines in mortality
from communicable diseases, whereas improvements in
mortality gains in young people aged 15-24 years were half
that in children, due largely to static or rising injury-related
mortality, particularly in young men. The high injury burden
in young people means that they are particularly affected by
the persistent low global investment in non-communicable
diseases and injury relative to the global disease burden. The
changes in traditional mortality patterns seen in our data
support the need for a new focus on the health of adolescents
andyoung adults.

most from the epidemiological transition from mortality
predominantly caused by communicable diseases to that
predominantly due to non-communicable diseases and
injury.® Young men (15-24 years) benefited least from
this transition for several reasons. First, their mortality
from communicable diseases was low at baseline and so
reductions in infectious disease had little benefit. Second,
CNS developmental issues related to increased sensation
seeking during adolescence place young people at
heightened risk of injury-related deaths, particularly
transport injuries and violence.**” Third, high injury-
related mortality at baseline in young men (15-24 years)
meant that they had increased exposure to rises in injury
mortality associated with economic development,
urbanisation, and globalisation.®*” The transition of
young people into the workforce introduces new risks of
occupational, transport, and violence-related injury,
together with mental health risks related to suicide.”
Indeed, young men (15-24 years) transitioning into the
workforce might be particularly vulnerable to the effects
of economic disruption on mortality, as seen in our study
in eastern European countries in the 1990s.”* Employment
of adolescents and young adults is most vulnerable to
economic downturns, and the associations of
unemployment with suicide and violence seem to be
greatest in young people.” Increasing youth cohorts in
developing countries might also increase youth
unemployment and its attendant health problems in the
absence of economic disruption.** Additionally, in failing
states, both young men and young women are particularly
vulnerable to violent mortality related to conflict and
black economies.

We used the best available international longitudinal
data for mortality from 50 countries, containing about
15% of the global population aged 1-24 years and
including countries with a range of incomes. The dataset
also included several OECD, eastern European, and
South and Central American countries, which have had
substantially different social and economic trajectories
during the past 50 years.

Our study was limited to countries with accurate
mortality data for at least 24 years. Thus we could not
include very low-income countries in Africa and Asia, in
which the burden of mortality is greatest,” or large low-
income countries, such as China and India, which
contain the largest populations of adolescents and young
adults. Therefore, generalisability was restricted, but we
did include 15 countries of low and very low income, and
a further three countries that were almost certainly low
or very low income. Because some of the greatest
improvements in mortality in children younger than
5 years have been made in very low-income countries,”
further work is needed to examine the extent to which
trends that we have identified are also apparent in these
countries. Notably, many very low-income countries in
sub-Saharan African have had rapid social, economic,
and demographic changes, which have a profound effect
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on young people’s health;* however, the HIV epidemic
and the scarcity of mortality data mean that our findings
cannot be generalised to these nations.

Death registration might be incomplete, and we only
included country years judged to have at least
70% completeness. Differences in coding practices
impose limitations in cross-national comparisons,
particularly for suicide and ill-defined causes. Entry of
high-mortality countries after 1955 could have led to
some artifactual effects. To keep these effects to a
minimum, we averaged data in 5-year periods and
interpreted trends conservatively. However, the entry of
high-mortality eastern European countries from the
late 1970s almost certainly led to the rise in global
mortality in the 15-24-year age-group.

Mortality in adolescents and young adults in many
countries spanning categories of high to very low income
is now greater than is childhood mortality after the first
year of life. Mortality in young adults aged 1024 years has
proved less responsive to the epidemiological transition,
and to alliances and interventions, than has early childhood
mortality (14 years). These trends are likely to continue
because mortality in children younger than 5 years is
expected to decline further, and injury-related mortality is
expected to increase in the next 25 years with the
continuation of the epidemiological transition in
developing countries.” The high burden of injury in young
people means that they are particularly affected by the
persistent low global investment in non-communicable
diseases and injury relative to the global disease burden.”
This health disadvantage has increased in the past 50 years
because injury has become responsible for an increased
proportion of mortality in adolescents and young adults.

Signs that global policy is starting to focus on youth are
encouraging. The 2007 World Bank reporton development®
recognised the economic benefits from improvement of
the health and survival of the world’s young people as
they enter the workforce, particularly the nearly 90% that
live in low-income and middle-income countries.
Rajaratnam and colleagues® warned that focusing on
mortality in only young children is “no longer defensible”,
and argued for an increased focus on older groups. The
changes in traditional mortality patterns seen in our data
support the need for a new focus on the health of
adolescents and young adults worldwide. Future global
health targets should include the causes of death in people
aged 10-24 years, and should extend beyond HIV infection
and maternal mortality to include injury and mental
health. Global and national health information systems
will need to be extended to include young people, capacity
will need to be increased in research and policy
implementation, and broad-based global alliances, such
as those that have successfully reduced child and maternal
mortality, will need to be developed.”
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