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Abstract

Background: Reducing premature death (death before 70 years) is a global health challenge,
with stark disparities across countries. We report global mortality trends at the country-
level over the past half century and explore whether halving premature death by 2050
compared to pre-pandemic levels is feasible. We also explore the rates of improvement for

the 30 most populous countries and for 10 global regions.

Methods: All analyses were conducted using data from the UN World Population Prospects
2024. The probability of premature death (PPD) is defined as the probability that a child
born in the indicated year would die before age 70 if the prevailing age-specific death rates

were to continue unchanged. We use 2019 as our baseline year.

Results: Considerable improvements in PPD have occurred over the past half century, but
disparities across regions, countries, and sex in levels and trends of PPD remain. Among all
countries, 34 halved their PPD over three decades between 1970 and 2019. Among the 30
most populous countries, seven countries, with varying levels of baseline PPD and income,
halved their PPD in the past half century. Seven of the most populous countries have an

implied rate of improvement towards 2050 that, if sustained, could lead to a halving of PPD.

Interpretation: Halving premature death by 2050 is feasible, although substantial
investments, particularly in adult health, are needed to sustain or accelerate the rate of
improvement for high- and medium-performing countries. Particular attention must be paid
to countries with very low or worsening rate of improvement in PPD. By reducing premature
mortality, more people will live longer and more healthy lives. Yet, as people live longer, the
absolute number of years lived with chronic disease will increase and investments in

services reducing chronic disease morbidity are needed.

Funding: Work on this article was supported by the Norwegian Agency for Development
Cooperation (NORAD; Oslo, Norway), the Bill & Melinda Gates Foundation (Seattle, WA,
USA), and a Norwegian Research Council Centre of Excellence grant (Oslo, Norway). The
funders played no role in the design, data collection and analysis, decision to publish, or

preparation of the manuscript.
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Background

For most people in the world, it would be a reasonable expectation to live to age 70 and a
realistic indicator of progress in the future would be probability of premature death (death
before 70 years). Historically, under-five mortality (probability of death before 5 years) has
been a widely used and well understood indicator of progress in global health. As child
mortality and fertility declines, and a demographic shift to older aged populations occurs,
non-communicable diseases (NCDs) have become more prominent in most countries.! Thus,
it is compelling to extend attention to the age range up to 70 years. We chose age 70 as the
cut-off value for two reasons. First, because life expectancy at birth for the world is now
around 70. Saving lives at ages below life expectancy will increase both life expectancy and
life span equality.? Second, because the upper age limit for the Sustainable Development
Goal NCD mortality target 3.4 is 70 years. If halving premature death in all countries could
be achieved, the absolute gap in probability of premature death between low- and high-

income countries would be reduced.

A 2014 review of national mortality trends to help quantify the United Nations Sustainable
Development Goal for health3* concluded that a 40% reduction in premature death could
be achieved by 2030, or soon afterward, “at least in areas free of war, other major effects of
political disruption, or a major new epidemic”.* A decade later, the world has been through
a major pandemic and continues to experience political disruption, nationalism, inflation,
climate change, and violent conflict in Africa, the Middle East, Europe and elsewhere.’
Against this background, we used the latest available mortality estimates to explore levels
and trends and ask if the substantial gains in health improvement and reductions in

premature death observed historically, before the COVID-19 pandemic, can be sustained.

We aimed to document mortality trends in the past half century and explore whether
halving premature death by 2050 compared to pre-pandemic levels (2019) is feasible for
each country in the world. To assess feasibility, we explored whether one or more countries
historically have achieved a halving of premature death in about three decades or less. In
addition, we estimated which countries had the necessary recent rate of change in PPD that,
if continued, would lead to a halving of PPD over the next three decades. We also explored

the rate of improvement for the 30 most populous countries (in our baseline year 2019) and



144 the 10 global regions as defined by the third Lancet Commission on Investing in Health
145  (CIH3). For selected countries, we provide an in-depth discussion of past trends and

146  prospects for the future. These countries were chosen to reflect both good and less well
147  performing populous countries

148

149  Methods

150

151 Levels in probability of premature death

152  We define premature death as death before age 70. The probability of premature death
153  (PPD) is defined as the probability that a child born in the indicated year would die before
154  age 70 if the age-specific death rates prevailing at the year of birth were to continue

155  unchanged (70q0).

156

157  We use PPD as an indicator to measure trends in health improvement since 1970 —i.e.,
158  during the last half century. All analyses on PPD were conducted using life tables from the
159  UN World Population Prospects 2024 (WPP 2024).° For each sex, country, and year,

160  probability of death was calculated from these life tables with one-year age-specific

161  mortality rates as:

162
163 iiqy= _lx—lim
164

165  wherel; and l,, , are the number of people starting in the cohort at age x and at age x+n.
166  For example, PPD (70qo) is the number of people dying before age 70 over the starting
167  population at age 0, or:

168

1O - l70

169 PPD = 750 =—
0

170

171  where ;3q, is the probability of dying between age 0 and exact age 70, 1, is the number of
172 people alive at age 0 (100,000 in standard life tables), and 1, is the number of people alive

173  atexact age 70 (i.e., those that did not die before their 70" birthday). For this paper, we use
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annual “rate of improvement” to indicate the decline in PPD. A faster rate of improvement
is desired. A few countries have a worsening or increasing rate of change, which is indicated
with a + sign in all tables. We also calculated the probabilities of dying between ages 0-14
(1590), 15-49 (35q15), and 50-69 (20q9s0) using the same equation. For example, for the age
group 50-69, 20050 is the probability of death between age 50 and exact age 70, conditional

on survival to exact age 50.

Trends in the probability of premature death

To explore whether halving the probability of premature death by 2050 is feasible, we
looked at variations in the rates of change in previous decades for the world’s major regions
and countries. We then assessed which countries, through improved and targeted health
policies, could or could not realistically achieve a halving of premature death. To calculate a
50% reduction in premature death, we chose the year 2019 as our baseline. Levels in PPD
for the period 2020-23 were substantially affected by the COVID-19 pandemic and are
therefore inappropriate as baseline years for assessing progress. To determine feasibility of
what CIH3 calls “50 by 50”, a 50% reduction in the probability of premature death by 2050,
we estimated changes in the probability of premature death from the last half century, and
calculated the average annual rate of improvement in PPD (AARI) with the following

equation:

1

AARI=<qt )t—l

qt+1

where q; is the probability of premature death at time t and q¢,, is the probability after a
further n years. The rate of improvement needed to reach a 50% reduction was estimated
by setting the probability in year 2050 (q,50) at half the level of the probability in 2019
(d2019)- The required rate of improvement to reach a halving of PPD in 31 years (i.e., by
2050 from a 2019 baseline) is the same for all regions and countries: 2.2%. We also

calculated the rate of improvement for each age group listed above.

The required rate of improvement depends only on the level of PPD in our baseline year and
the set target and does not depend upon past rate of improvement. We then compared the

observed rate of improvement over the last decade (2010-2019) with the required rate of
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improvement over the next three decades. Based on the annual rate of improvement in the
period 2010-19, we pragmatically grouped countries into three categories: high (>2.2%),
medium (2.2% - 1.0%), and low rate (<1.0%) of PPD change. The method for decomposition

of changes in PPD by age is provided in the appendix.

Regions

Since we explore historical health trends in the past half century and discuss feasibility of
continued or improved rate of improvement for the next 30 years, World Bank regional
classifications of countries by income are not appropriate. For example, more than 30
countries have transitioned from low-income status, defined by the World Bank
classification, to middle-income status since 2001.” In addition, the income classification cut-
offs have changed. We therefore follow CIH3 and classify countries in geographical regions
with somewhat similar characteristics in terms of disease burden and economic
development (appendix, Figure Al). The world’s three most populous countries (India,
China, and the United States [US]) are separated out as “regions” since they would
dominate all trends if included in other regions. The North Atlantic region includes Western

Europe and Canada.

The funders played no role in the design, data collection and analysis, decision to publish, or

preparation of the manuscript.

Results

Improvements in PPD

There have been major improvements in PPD over the last half century but there are also
disparities across regions, countries, and sex in levels of and trends in PPD. In 2019, before
the COVID-19 pandemic, PPD ranged from 52% in sub-Saharan Africa to 15% in the North
Atlantic (Table 1). Sub-Saharan Africa, Central Asia, and India had levels of PPD above the

world average (31%) (Figure 1).

Central and Eastern Europe had little improvement, and even saw an increase in PPD,

between 1970 and 2005 but had the greatest improvement from 2010-19 (2.2%). All the
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other regions had substantial improvements in PPD from 1970-2019, and five regions had
equal or higher rates of improvement than the world average (1.4%; Table 1). China had a
strong observed rate of improvement (1.9%), India around average (1.3%), whereas the US

was the only region to observe a (small) worsening trend over the past decade (+0.1%).

Levels of and trends in PPD also varied within regions. Figure 2 shows trends in overall PPD
for the 30 most populous countries in the world, and for age-groups of 0-14, 15-49, and 50-

69 years.

For all age groups, substantial improvements in PPD were observed, with variations across
countries. All countries saw improved PPD at ages 0-14 years (with a few blips for Nigeria,
Kenya and Russia), at 15-49 years except Kenya and South Africa due to HIV/AIDS (with blips
for several other countries due to war and political turmoil), at 50-69 years except Kenya
and consequently all countries at ages 0-69 years. Large increases in PPD are seen for some
subgroups in countries substantially affected by HIV/AIDS (southern and eastern Africa
around 1990), alcohol overconsumption (Russia around 2000), or war and famine
(Bangladesh around 1971 and Ethiopia 1980s). These trends are examined in detail for

selected countries in the Discussion section.

Prospects towards 2050

From 2010 to 2019, the global annual rate of improvement in PPD was 1.3% for both sexes
combined (Table 1). Of the 30 most populous countries, seven had a rate of improvement
equal to or better than 2.2% (the required rate to achieve “50 by 50”) from 2010-2019
(Table 2). If sustained, continuing this trend would lead to a halving or more. Conversely,
nine out of 30 countries had a rate of improvement worse than 1.0%, meaning the implied

improvement would be less than one-third.

Among all countries in the world, those with minimal decline or increasing PPD are highly
unlikely to achieve a halving of PPD by 2050. Some of these countries — Libya, Yemen, Syrian
Arab Republic, Jamaica, Mexico, and Venezuela — are marked by war, violent political
conflict, or political disruption, while others (USA, Costa Rica, Cuba) are harder to explain

(appendix Table A1).” (appendix Table Al).
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Seven populous countries halved PPD over three decades in the last half century

We also looked historically at whether any country had achieved a halving of PPD in three
decades or less. Among the 30 most populous countries, seven countries halved their PPD
over 31 years or less in the past half century (the required and fastest time to achieve
halving between 2019 and 2050 is given in parentheses): Bangladesh (1991-2022), Iran
(1983-2006), China (1970-2001), Viet Nam (1972-1995), Republic of Korea (1992-2011), Italy
(1983-2012), and Japan (1970-2001). When looking at countries beyond the most populous,
we find that among all countries in the world, 34 countries in total halved their PPD
(appendix Table A2) over 31 years or less between 1970 and 2019. These historical
experiences from diverse countries show that halving PPD over three decades is feasible.
Halving occurred in countries starting with both high initial levels of PPD (e.g., Viet Nam,

Algeria) and low initial levels (e.g., Italy, Norway), and across all income levels.

There is no statistically significant correlation between initial levels of PPD and rates of
improvement in the period 2010 to 2019 (appendix Figure A3). For example, the Republic of
Korea had the highest rate of improvement but with low initial PPD, while Ethiopia also had

high rate of improvement but from a much higher level of initial PPD (Table 2).

PPD trends by sex

In all countries, females had lower PPD than males in 2019. Global rate of improvements in
PPD by sex were generally higher for females than for males. In the period 2010-19, the
global rate in PPD fell by 1.5% annually for females and 1.1% for males (appendix Table A3).
In the most populous countries, rates were highest for females in 21 out of 30 countries
(Figure 3) (for all disaggregated results by sex, see appendix Table A3). Yet, the pattern is
not uniform. For example, the gap in PPD between females and males narrowed in the US
between 1970 and 2010, while in Thailand, the gap increased between 1985 and 2019

(appendix Figure A4).

Decomposition of changes in PPD by age group
For the world, changes in PPD since 1970 have largely been driven by improvements at ages

50-69 years (appendix Figure A5). In the period 2010-19, about 50% of the improvements in
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PPD were due to this age group, followed by the age groups 0-14 years and 15-49 years
(about 23%). In the North Atlantic, the proportion contributing to the fall in PPD has been
about 70% from ages 50-69 since the 1970s, and even in sub-Saharan Africa, this age group
contributed the most (40%) to changes in PPD in the 2010s. This contribution is largely

because most deaths increasingly occur in older age groups.

Discussion

Substantial improvements in premature mortality in the past half century have been
achieved, but there are also disparities across regions, countries, and sexes in levels and
trends. Nevertheless, we find that 34 diverse countries halved their PPD in three decades or
less and seven of the 30 most populous countries have an implied rate of improvement
towards 2050 that, if sustained, could lead to a halving of PPD. The absolute gap between

countries with high and low levels of PPD would also be reduced.

One striking finding is the higher rate of improvement in PPD for females over males in most
countries. The reasons for this disparity warrant further scrutiny. Disparities in PPD within
countries across geographical regions, income, and level of education should also be

studied.

In-depth discussion of selected countries

China has achieved good progress in population health over the last half-century, reducing
its PPD from 61% in 1970 to 21% in 2019. There have been substantial reductions in the
probabilities of dying between ages 0-14, 15-49, and 50-69 years during this period. The rate
of improvement in PPD has consistently remained at about 2% or more, with the most
considerable progress occurring at 2.6% in the 1970s, followed by 2.3% in the 2000s. China’s
initial achievement in reducing premature death is largely due to its success in reducing
maternal and infant mortality.® Rapid economic growth, poverty alleviation efforts, and
universal education programs have also contributed to health advancements. Improving
access to care and enhancing financial protection and population health were also
important—these were achieved through (i) the government’s commitment to universal
access to basic health care; (ii) increasing public funding for health from 1% to over 3% of

gross domestic product to fund a universal health insurance program; and (iii)

10
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implementation of free national essential public health programs (including HIV/AIDS and
tuberculosis).? Rural health insurance rolled out from 2003-08 may have saved about one
million lives per year at its peak.1? Yet, inequality in quality of care by geographical and

socioeconomic status presents another challenge.'1?

Ethiopia made substantive progress in reducing the PPD between 1991 and 2019, and since
2000, its rate of improvement has been among the fastest in sub-Saharan Africa.'® The
largest contributions to PPD decline are from reductions in maternal and child health
conditions and communicable diseases such as HIV/AIDS, tuberculosis, and malaria.** These
can be attributed to reforms within and outside the health sector, including a pro-poor
health policy emphasizing rural communities and primary health care that resulted in the
decentralization of health service delivery, community empowerment, and better access to
primary health care. Between 1990 and 2019, GDP per capita increased from US$110 to
USS$840%, the proportion of people living in poverty was halved from 48 to 24%, literacy
doubled from 27 to 52%*’, access to basic drinking water tripled from 13 to 38%8,8; and
total fertility rate fell from 7.2 to 4.3 children per woman.® The country also enjoyed peace
and security between 2000 to 2020. The ongoing civil conflicts in Ethiopia since 2021 and
the global crisis have hindered economic growth and could have long-term population

health impacts on the country.

From 1970 to 2019, Nigeria experienced a 13% decrease in PPD, with most progress
occurring between 1970 and 1975 and between 2000 and 2019. The rate of improvement
was 1.2% per year in the 1970s, but this was followed by a reversal in the 1980s and 1990s,
when PPD increased by 0.1% per year for two decades, erasing the gains from the 1970s. In
the 2000s, PPD started to decline again, but at a slow rate of 0.6% per year. Currently,
Nigeria’s PPD (62.5%) is one of the highest in sub-Saharan Africa and is largely driven by the
unfinished infectious disease agenda, worsening socioeconomic inequality, and the growing
incidence of NCDs such as diabetes, hypertension, and cancers. Emerging challenges also

include rising rates of poverty and conflict-related decreased access to healthcare.?°

11
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From 1970 until 2000, Mexico showed steady progress, with rate of improvement in PPD
averaging between 1.2 and 2.0% per decade. However, gains stalled in the past two
decades, and PPD has remained at around 30% since around 2003 (data not shown). A
narrow set of three conditions — ischaemic heart disease, diabetes, and injuries resulting
from interpersonal violence — accounted for the largest share of premature deaths,
offsetting health gains in infectious diseases and explaining the poor performance.
Increased mortality from ischaemic heart disease and diabetes has mainly affected the 50-
69 age group, while interpersonal violence is concentrated in ages 15-49 years.?24
Undertreated or untreated diabetes in adult Mexicans is the major challenge.?> At 75% in
2022, the combined prevalence of obesity and overweight among the adult population in
Mexico is one of the highest in the world.?®> An underfunded and fragmented primary health
care system has been unable to contain the rising prevalence of hypertension,
dyslipidaemia, and high blood sugar levels over the past decades. On the other hand, the
underlying determinants of deaths associated with violence remain a complex multifactorial

agenda perceived to be beyond the traditional scope of health policy intervention.

Adults in the US are experiencing higher PPD, and poorer health compared to their
counterparts in other high-income nations. While its peer nations continue to make strides
in improving adult survival, the US has witnessed a stark stagnation in such progress,
particularly since the 1970s.2° PPD declined by an average of 2.0% annually in the 1970s, but
subsequent decades saw this rate of decline halved, or even dissipated in the 2010s (Figure
4). The stagnation disproportionately affects younger Americans. Deaths before age 50
constitute a significant portion of the disparity in life expectancy between sexes in the US
and overall compared to other high-income nations.?® The trend is most pronounced
among Non-Hispanic White Americans, whose deaths comprise about two-thirds of all
deaths in the US since 1990 and who have seen slight improvement in reducing mortality
since 1990. By contrast, mortality trends among Hispanic Americans have improved, driven
partly by immigration.?” Among Black Americans, notable strides in reducing premature
mortality have been seen.?® Among Non-Hispanic White Americans, stagnation has occurred
in those who have attained high-school education or less: those attending college continue
to show overall decline in PPD.?° The COVID-19 pandemic amplified these marked

educational differences.3® The phenomenon has been termed "diseases of despair," and
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causes include increases in opioid-related deaths, cirrhosis, and suicides.3! However, the
narrative is clearly incomplete, as rising mortality rates extend to vascular disease, chronic
lung disease, injuries, and homicides. Analysis indicates that tobacco-related causes
contributed to nearly half of the excess deaths among lower-educated Non-Hispanic White
Americans from 1990 to 2019, a finding consistent with international comparisons.?? Since
2010, the combined contribution of smoking, opioids, cirrhosis, suicide, and other external
injuries has been approximately two-thirds of all excess deaths among Non-Hispanic White

Americans.33

Looking forward

Countries with a rate of improvement in PPD better than 2.2% between 2010 and 2019 do
not only include those with high PPD or high child mortality, but also include higher-income
countries with low PPD and predominantly NCD-related mortality. Indeed, changes in PPD
since 1970 for the world have largely been driven by improvements in ages 50-69 years. In
2010-19, about 50% of the improvements in PPD were attributable to this age group. If
countries with a medium rate of improvement (between 2.2% and 1.0%) can achieve the
same rate of improvement as their better-performing regional neighbours through
benchmarking, halving premature death by 2050 is feasible but requires sustained and

substantial investments.

Historically, countries that made the most progress in reducing PPD did so by implementing
a limited set of interventions that addressed a relatively small number of diseases, injuries,
and risk factors. For example, about one third of the gains in life expectancy in low-income
countries between 2002 and 2019 were attributable to mortality reductions from treatment
of HIV/ AIDS, tuberculosis, and malaria.3* In sub-Saharan Africa the overall decline in
mortality has been substantial in the age group 0-14, and these deaths are easily
preventable through cost-effective interventions. At the other end of the spectrum, nearly
half of the reduction in cardiovascular mortality in the US between 1980 and 2000 was
attributable to reductions in tobacco use, high systolic blood pressure, and high
cholesterol.3> Secondary prevention of cardiovascular disease, i.e., giving effective
medicines to those who have experienced an event can substantially reduce mortality.3° In

some cases, the mortality reductions can be massive and rapid. For example, following a
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1995 ban on organophosphate pesticides, suicide mortality in Sri Lanka declined by about
50% in the following decade.3” A prioritized approach to health conditions and interventions
could allow countries with fewer resources to achieve considerable reductions in mortality

at a reasonable cost.>3840

Lastly, some of the most populous countries are unlikely to achieve “50 by 50” based on
recent trends — even if most other countries could do so. These countries include Mexico,
Viet Nam, Nigeria, and the US. Among all countries, the number of countries from Latin

America and Caribbean in this category is of particular concern.

Quality of life at all ages

While reducing the probability of premature death is a worthy goal for global health, people
also care about living healthy lives. Prevalence of morbidity, the number of people living
with chronic disease, the number of years they live in such conditions, and health-related
quality of life at all ages are therefore of substantial interest. By reducing premature
mortality, most people will live longer and healthier lives (for a more detailed discussion of
the relationship between PPD, life expectancy and healthy life expectancy (HALE), see
Appendix, page 2-3). As shown by Salomon and others, in countries where life expectancy
has increased, the total number of years lived in good health (HALE) has also increased.**#?
Yet, as people live longer, the number of years lived with chronic disease will increase. This
trend, combined with an ageing of the population, will lead to higher demand for long term
health services. Investments in services reducing chronic disease morbidity are therefore

needed.

Limitations of our study

For our analysis, we relied on estimates from the UN WPP 2024, which are widely used and
generally considered reliable. For about half of the countries, mortality rates were derived
by UN WPP from vital registration systems. However, for the other half, model life tables
were generated from censuses, survey data, and other input parameters.*® There is
substantial uncertainty surrounding data on risks of dying in countries lacking
comprehensive death registration systems and especially for adult deaths. Levels of and

trends in mortality should therefore be interpreted with caution. WPP 2024 does not

14
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provide uncertainty intervals for their estimates, so we could not produce the

corresponding ranges.

Our study aimed to look at the feasibility of halving the probability of premature death by
2050, not the absolute number of premature deaths. The crude death rate is projected to
increase towards 2050 due to demographic change with many countries moving towards
inverted population pyramids.*® Halving the absolute number of premature deaths will
therefore be more difficult. Our justification for exploring halving PPD is that the probability
of premature death is amenable to policies and health investments, while changes in
population size and age distribution of populations are not.** PPD is therefore a policy-
relevant outcome and easier to communicate to decision-makers and citizens than many

other indicators.

Decomposing the relative contribution of leading causes of death to the rate of reduction of
PPD can further help identifying the most effective policies and interventions. We did not do

so in this study; this is discussed more extensively in Jamison & Summers et al.>

Conclusion

In this study we find that “50 by 50” is a feasible global goal that would substantially
improve the chance of living a long and healthy life everywhere, with the caveat that this is
in areas free of war, other major effects of political disruption, natural disasters, or a major
new epidemic which cannot be reliably predicted or their effects quantified. Substantial
investments in health are needed to sustain or accelerate the rate of improvement for high
and medium performing countries. For low-performing countries, “50 by 50” may remain an
aspiration goal. Historical evidence indicates that a limited set of interventions that address
a relatively small number of diseases, injuries, and risk factors can substantially boost
progress on reducing PPD. Yet, as people live longer, the absolute number of years lived
with chronic disease will increase and so will demand for services reducing chronic

morbidity.
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