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INTRODUCTION

Before the onset of the COVID-19 pandemic in 2020, life expectancy at birth had been steadily increasing globally 
(UN 2019); and the advancements to older ages and frontiers of longevity were still regularly progressing (Vau-
pel et al. 2021). In many countries around the world, populations are rapidly ageing, immediately following the 
combination of major declines in fertility and important progresses in longevity (Christensen et al. 2009). Such 
rapid ageing transitions are often accompanied with the development of disability and dependence, including 
increasing prevalence of diseases of old age. This imposes new and substantial challenges to health systems, neces-
sitating the design of novel technologies, the implementation of innovative health services delivery platforms, and 
the strengthening of financial architectures (Partridge et al. 2018; Spasova et al. 2018; Tynkkynnen et al. 2022). 
Facing limited resources and an increasing burden of non-communicable diseases (NCDs), health systems must 
make difficult trade-offs when allocating resources toward improving the healthy longevity of their populations.

1  www.copenhagenconsensus.com

Researchers and policymakers utilize a variety of 
analytical methods for generating evidence to in-
form decision-making on which health policies 
and interventions should be prioritized, funded (or 
not), and implemented. Commonly used approach-
es include various types of multi-criteria decision 
analyses (MCDA) (Baltussen et al. 2018; Verguet 
et al. 2021) and economic evaluations, traditionally 
drawn from cost-effectiveness analysis (CEA) meth-
ods, of the health policies and interventions under 
consideration (Drummond et al. 2015; Neumann et 
al. 2016). Such CEA studies often use a constructed 
metric, like the quality-adjusted life year (QALY) 
or the disability-adjusted life year (DALY) (Wein-
stein et al. 2009; Murray & Acharia 1997), which 
encompass both mortality and morbidity outcomes 
of the disease(s) addressed by the interventions un-
der consideration. However, using non-monetary 
valuations in health intervention assessments limits 
their broader utility, preventing comparisons with 
assessments of interventions outside of the health 
sector (for example, education and social protec-
tion) (Robinson et al. 2019). 

Yet, an attractive alternative analytical method 
that can address this intersectoral comparison issue 
is benefit-cost analysis (BCA; Robinson et al. 2019; 
Robinson, Hammitt & O’Keeffe 2019), where both 
the numerator (i.e., the health benefits procured  
by a given intervention) and the denominator (i.e., 
the costs incurred by a given intervention) of the 
benefit-cost ratio are expressed in monetary terms 
(say in USD gained or spent). As an example, the 
Copenhagen Consensus Center1 has long used BCA 
approaches to consistently compare the returns on 
investment of a variety of policies globally across 
multiple key human capital and development sec-

tors (e.g., health, education, agriculture), including 
health interventions in low- and middle-income 
countries (LMICs) (Jamison et al. 2013; Jha et al. 
2013). Likewise, in their seminal work (Jamison 
et al. 2013) in which they used the value of a sta-
tistical life (VSL) to estimate the monetary gains 
from reducing under-five mortality rates in LMICs, 
Jamison and colleagues demonstrated the utility of 
monetized health outcomes. Most recently, Khad-
ka & Verguet (2021) adapted such VSL methods to 
assign an economic value to life years and devel-
op further value of a statistical life years, and ap-
plied methodologies to assess the economic value 
of changing mortality risks associated with NCDs. 
In doing so, they pointed to the vast welfare losses 
associated with elevated NCD mortality rates, espe-
cially cardiovascular diseases (CVDs) and cancers.

In this chapter, we build on this previous VSL 
scholarship. We compute the economic impact of 
disease, by first quantifying the avoidable mortality 
by cause of death (with a focus on major NCD and 
injury causes) and second applying novel economic 
valuation methods. Specifically, we compute a mon-
etary value for hypothetical reductions (over 2000-
2050) in cause-specific mortality: first, we bench-
mark these reductions against a mortality frontier 
(lowest mortality rates achievable) by cause; and 
second, we assign a willingness to pay value to these 
reductions in cause-specific mortality. In sum, we 
estimate the percent of income an individual would 
be willing to forgo to live one year under the lowest 
possible mortality rate for a given cause of death. 
Our assessment is pursued for six large analytical 
regions (e.g., China, Eurasia & the Mediterranean, 
High-income, India, Latin America & the Carib-
bean, and sub-Saharan Africa) and major disease 
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areas (e.g., cancers, CVD), with findings presented 
for the years 2000, 2019, and 2050. Our objective is 
to provide a systematic monetary assessment of the 
economic value associated with mortality by cause 
of death (with a focus on major NCDs and injuries) 

2	  The frontier was only sex-specific for the following two sex-specific causes: breast cancer and cervix uteri cancer. For all other causes, the 
frontier was selected from among sex-specific mortality rates of both sexes.

3	  Male-specific cancers, such as testicular or prostate cancers were not included as they are less common and affect older ages, so their 
overall burden is much lower.

globally and regionally, and to derive a metric di-
rectly comparable to annual incomes (e.g., gross 
national income (GNI)), so as to enable both health 
sector and multisectoral priority setting.

METHODS

General approach
We proceeded in three steps. First, we projected 
age-cause-sex-specific mortality rates into the fu-
ture (2020-2050) for each country included in the 
analysis (webappendix Table A1). We estimated 
age-cause-specific mortality frontiers (  ; a 
= age, K = disease cause, s = sex*)2 for the period 
2000-2019, with the mortality frontiers being the 
lowest (10th percentile) observed mortality rates for 
a given cause and age group, globally. We then pro-
jected these frontiers over 2020-2050. They can be 
thought of as “aspirational” mortality rates (for both 
females and males) for countries that experience 
mortality rates greater than the frontier. 

Second, we compared country- and cause-spe-
cific mortality rates with frontier mortality rates to 
yield mortality differentials (i.e., “avoidable mortal-
ity”, the gap between a country’s mortality rate and 
the frontier mortality rate). We then aggregated 
these differentials across six analytical regions (in-
spired by the classification proposed by The Lancet 
Commission on Investing in Health (Watkins et al. 
2018)): China; Eurasia & the Mediterranean; India; 
High-income; Latin America & the Caribbean; and 
sub-Saharan Africa (webappendix Table A1). 

Third, we assigned a monetary value to the 
avoidable mortality. This gave an estimated percent 
of annual income an individual would be willing to 
forgo to live one year under the lowest possible mor-
tality rate for a given cause of death; and a metric 
directly comparable to national incomes (e.g., GNI).
These three steps are further detailed below.

Data sources

Estimates on age-cause-sex-specific death counts for 
all countries for 2000-2019 were sourced from the 
World Health Organization’s (WHO) Global Health 
Estimates (GHE) (WHO 2020a). We adapted WHO’s 

comprehensive list of causes to a smaller list of mu-
tually exclusive, collectively exhaustive set of causes 
primarily focused on NCDs and injuries (Table 4.1; 
webappendix Table A2 gives a mapping between 
GHE causes of death and the causes of death used in 
the analysis). These causes of death were selected as 
they were leading causes of mortality and morbidity 
according to burden of disease assessments (WHO 
2020a; IHME 2022). For cancers, we focused on 
tobacco-related (e.g., lung, mouth, esophagus) and 
infection-related (e.g., cervix, liver, stomach) can-
cers; breast cancer was selected as it was the leading 
cancer among females (WHO 2020a; IHME 2022).

Age refers to five-year age groups (except for the 
first two and final age groups): 0-1, 1-4, 5-9, 10-14, 15-
19, …, 75-79, 80-84, and 85+ years. Age- and sex-spe-
cific population and all-cause mortality estimates and 
projections for all countries for the period 2000-2050 
were sourced from the United Nations (UN) 2022 
World Population Prospects (WPP) (UN 2022). 

Estimating the mortality frontiers
The mortality frontiers (hereafter referred to as the 
“frontiers”) were defined as the 10th percentile of the 
age-cause-specific mortality rates of eligible coun-
tries in a given year (Mathers et al. 2015; Chang et al. 
2024). Countries were included in the frontier anal-
ysis (webappendix Table A1) if they had populations 
of at least 5 million in 2019; had available income 
(GNI per capita, current international dollars) data 
for 2019; had high-quality vital registration data (as 
defined in WHO 2020b); and were included in GHE 
estimates for the year 2019. The frontiers were age- 
and cause-specific for all causes of death except for 
breast cancer and cervix uteri cancer, for which age-
sex-cause-specific frontiers were computed given 
the sex-specific epidemiology of these two condi-
tions.3 The frontier was defined as the 10th percentile 
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of eligible country mortality rates, as opposed to the 
minimum, to ensure stability and the absence of sto-
chastic variation in the resulting computed frontiers 
(see details in webappendix Figure A1).

For the period 2000-2019, frontiers were cal-
culated directly using GHE estimates. To ensure 
that the frontiers of lower-level causes appropriately 

summed to the frontiers of higher (“parent”) level 
causes (Table 4.1), we utilized a nested, level-wise ap-
proach. We first extracted the frontier (i.e., the low-
est 10th percentile of eligible country mortality rates) 
for all-cause mortality, that is the highest level (level 
0) cause. The frontiers for the next level of causes 
(level 1: communicable, maternal, perinatal and nu-

TABLE 4.1     Causes of death

Level Cause of death

1 Communicable, maternal, perinatal and nutritional conditions

2 Infectious and parasitic diseases

2 Maternal and neonatal conditions

2 Nutritional deficiencies

1 Noncommunicable diseases

2 Cardiovascular diseases

3 Ischaemic heart disease

3 Stroke

3 Other cardiovascular diseases

2 Diabetes mellitus

2 Digestive diseases

3 Cirrhosis of the liver

3 Other digestive diseases

2 Malignant neoplasms

3 Breast cancer

3 Cervix uteri cancer

3 Liver cancer

3 Mouth and oropharynx cancers

3 Oesophagus cancer

3 Stomach cancer

3 Trachea, bronchus, lung cancers

3 Other malignant neoplasms

2 Respiratory diseases

3 Chronic obstructive pulmonary disease

3 Other respiratory diseases

2 Other noncommunicable diseases

1 Injuries

2 Intentional injuries

2 Unintentional injuries

3 Road injury

3 Other unintentional injuries

Note: The causes of death utilized in this analysis were adapted from the WHO’s Global Health Estimates  (WHO 2020a). Level 1 and 2 causes of death are mutually 
exclusive and collectively exhaustive; within level 2 causes of death, level 3 causes are mutually exclusive and collectively exhaustive. 
Webappendix Table A2 gives a mapping between GHE causes of death and the causes of death used in the analysis.
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tritional conditions; NCDs; and injuries) were then 
extracted. These level 1 frontiers were then summed 
to calculate the parent level (level 0: all-cause) fron-
tier. The resulting calculated level 0 all-cause fron-
tier was then compared with the extracted level 0 
all-cause frontier to determine a scaling factor. This 
scaling factor was then applied to the component 
level 1 frontiers. This process was continued for level 
2 causes (e.g., CVD, malignant neoplasms) and level 
3 causes (e.g., stroke, stomach cancer).

For the period 2020-2050, the frontiers were 
calculated based on the trends underlying the 2010-
2019 frontiers (immediately described above). 
Log-linear models were used to project the frontier 
mortality rates using the following equation:

   ,  [1]

where  is the mortality rate for age group  in 
year  (2000, 2019, and 2050), and cause of death 

 is a constant term, and  is the year.  is 
the estimated annual rate of change (decline) of the 
mortality rate associated with each cause and broad 
age group  (0-4, 5-14, 15-29, 30-44, 45-59, 60-69, 
70-84, and 85+ year-olds). The projections (based 
on  and [1]) were conducted separately by cause 

 and broad age group  to ensure similar mortal-
ity trends across neighboring five-year age groups, 
consistent with previous projection analyses (Ma-
thers & Loncar 2006).

When the 2010-2019 frontier mortality rates 
contained a zero-value (i.e., an observation of 0 
deaths per 100,000 population) or when the average 
number of deaths (averaged over the 2010-2019 fron-
tiers) for a given age-cause group was less than 100, 
then the average mortality rate (for the period 2010-
2019) was used for the 2020-2050 projection for all 
five-year age groups within the corresponding broad 
age group category (yielding a constant frontier over 
2020-2050). Additionally, if the regression ([1]) gave 
a positive trendline ( , which would indicate 
increasing frontier rates over time), then the aver-
age mortality rate (across years) was also used for all 
five-year age groups within the corresponding broad 
age group category (webappendix Table A3).

Consistency with all-cause frontiers

To ensure consistency with all-cause mortality fron-
tiers (i.e. the all-cause mortality frontiers of avoid-

4  In what follows, we examine differentials over one-year periods, denoted , where  is then set to 1 year.

able mortality developed under Chang et al. 2024), 
our all-cause frontier mortality rates (immediately 
described above) were scaled to these all-cause fron-
tiers. We divided our age- and year-specific all-cause 
frontiers by the corresponding external age- and 
year-specific all-cause frontier mortality rates to pro-
duce a set of age-year-specific scaling factors between 
our all-cause frontiers and the Chang and colleagues’ 
frontiers. The resulting scalars were then applied to 
our cause-specific frontiers (i.e., cause levels 1, 2, and 
3) to ensure consistency with the avoidable mortality 
frontiers put forward by Chang et al. (2024).

Estimating mortality projections 		
for the six regions

First, we projected country- and cause-specific mor-
tality rates for the period 2020-2050 using the same 
methods as for the frontier mortality rate projections 
described immediately above. Second, we aggregated 
these country-specific mortality rate projections with-
in each region studied: China; Eurasia & the Medi-
terranean; India; High-income; Latin America & the 
Caribbean; and sub-Saharan Africa. For that purpose, 
population weights (within each age group) based 
on country- and age-specific populations using 2022 
WPP (UN 2022) were used to eventually yield region-
age-sex-cause-specific mortality rate projections.

Economic value associated with cause-
specific avoidable mortality

We denote  the mortality rate among the age 
group  , where  is the size of the age group 
(  , except for 0-1, 1-4, and 85+ age groups). The 
probability of dying at age  ,  , is expressed as 

; using a discrete formulation, 
.

We compare a country’s age group’s probabil-
ity of dying (“C” for country) to a reference prob-
ability of dying (“ ” for frontier), that is  to 

. The difference in those probabilities can be 
obtained by the following “avoidable mortality”: 

.4 Now take the population 
of country C with an age distribution  

/ , where  is the size of the age 
group  and  is the oldest age group). In ad-
dition, denote  the monetary value assigned to the 
change in the probability of dying (  over one 
year) at a given age . Then, for a given year, the aggre-
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gate monetary value associated with avoidable mortal-
ity (comparing “C” and “ ”) will be given by: 

   .  [2]

We then assign a value to  that depends 
on the extent of the differential in mortality risk 

 and on the VSL in country C ( ). We apply 
the methods developed by Chang et al. 2024, where 

 increases with  and its marginal rate of increase 
decreases with  (consistent with Cardoso & Dahis 
(2020) and Hammitt (2020)). The value of  can be 
related to the VSL in the United States ( ) using 
an income elasticity :  , 
where YC and YUS are the GNI per capita of C and the 
United States, respectively.

To derive , we set  = 0.8 for countries with 
GNI per capita greater than the United States and  = 
1.2 for countries with lower GNI per capita (Viscusi 
& Materman 2017; Robinson, Hammitt, & O’Keefe 
2019)5; we also set a floor constraint for the ratio be-
tween VSL and GNI per capita of 20. GNI per capita 
was expressed in current international dollars (Pur-
chasing Power Parity (PPP); World Bank 2022) for 
the period 2000-2021; and were projected to 2050 
using OECD’s projected country-specific growth 
rates over 2021-2050 for listed countries, and the 
world average growth rate during the same time pe-
riod for all other countries. We set  = 160 x 
US GNI per capita (Robinson, Hammitt, & O’Keeffe 
2019); and a discount rate of 3 percent per year.

Therefore, per year and country, we comput-
ed the following proportions per cause K and age 
group :  = / . 

5  Alternative values of income elasticity of 1.0 and 1.5 are tested in sensitivity analyses.
6  Note that some of the slight fluctuations observed for the frontiers are due to the scaling with the all-cause frontiers estimated by Chang et 

al. (2024). Likewise, for the mortality trajectories, the fluctuations observed are due to the method used for calculating regional estimates 
(i.e., aggregation of population-weighted country-specific estimates) as well as the scaling with the all-cause frontiers.

We then derived the following value (per year):  
, aggregat-

ed per region R:

  
[3]

From [3], we obtained an economic value directly 
comparable to annual incomes, which captures the 
percent of income an individual would be willing to 
forgo to live one year under the lowest possible mor-
tality rate for a given cause of death (in the region R).

Sensitivity analyses

First, we estimated the mortality frontiers in using the 
lowest cause-specific mortality rates, in place of the 10th 
percentile of the mortality rates. Second, when quan-
tifying the economic values associated with avoidable 
mortality, the resulting estimates are sensitive to the VSL 
values assigned. Though this will not necessarily affect 
the relative distribution of the cause-specific allocations 
and associated economic values and we report eco-
nomic values in terms of multiples of annual income, 
we applied three sets of standard sensitivity analyses re-
lated to VSL estimates (Robinson et al. 2019), in varying 
(i) income elasticities, to either 1.0 or 1.5; (ii) discount 
rates, to either 1 or 5 percent per year; and using (iii) an 
alternative baseline VSL-to-income ratio of 100 relative 
to the average income among OECD countries (in place 
of the VSL-to-income ratio for the United States).

All computations and simulations were con-
ducted using R software (version 2022.02.3). All 
codes are available on GitHub.

RESULTS

We first report on the estimation of the mortality frontiers per cause of death and display the mortality trajec-
tories and avoidable mortality with respect to the frontiers for the six regions. Second, we exhibit the economic 
values associated with avoidable mortality for each cause of death and region. 

Mortality frontiers and region-specific 
mortality trajectories

The estimated mortality frontiers (for 2000-2050) 
are displayed for ages 20 years and older (the prin-
cipal age groups over which NCDs manifest) for the 

following broad causes of death: all causes; commu-
nicable, maternal, perinatal and nutritional condi-
tions; CVD; malignant neoplasms (cancers); and  
injuries (Figure 4.1).6 As expected, the mortali-
ty frontiers are higher (corresponding to higher 
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mortality rates) for older age groups. All estimated 
frontiers for all causes of death are available in the 
webappendix (Figure B1). 

Mortality trajectories for the six regions were 
estimated by sex for all age groups and causes of 
death (over 2000-2050). As an illustration, we show 
the trajectories for the Latin America & Caribbe-
an region for females and males, ages 20 years and 

older (Figure 4.1). Likewise, as expected, the trajec-
tories show higher mortality rates for the older age 
groups for all causes. In general (to a few rare ex-
ceptions), the mortality trajectories are also higher 
for males than for females. All mortality trajectories 
for regions and causes of death are collected in the 
webappendix (Figures B2-B8). 
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Note: Points correspond to WHO’s Global Health Estimates (WHO 2020) for the period 2000-2019; the lines are projections. The impact of COVID-19 is not accounted for in these projections and 
therefore years 2020-2023 are not displayed. 

FIGURE 4.1     Mortality frontiers (females and males) for the period 2000-2050; and mortality trajectories for Latin America and the Caribbean 
over the period 2000-2050; by sex, age group (20-39 years, 40-59 years, 60-79 years, 80+ years), and cause of death: all causes; communicable, maternal, perinatal and 
nutritional conditions; cardiovascular diseases; malignant neoplasms; and injuries. 
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Economic value of avoidable mortality
For the six regions and calendar years 2000, 2019, and 
2050, we display the economic valuations (summed 
across all age groups) tied to specific causes of death 
(Figure 4.2 displays level 2 causes; the fractions dis-
played are percentages of annual income per cause, 
region, and year; Table 4.2). Alternative disaggre-
gations (level 1 and level 3 causes) are shown in  
webappendix Figures B9 and B10, along with rela-
tive distributions of these economic valuations by 
cause (webappendix Figures B11, B12, and B13).

We observe important variations in the cause val-
uations across regions, as well as some slight differenc-
es when comparing females and males within the same 
region. CVD contributes to a very substantial econom-
ic value; for example, in 2019: around 6.8 percent of an-
nual income in Eurasia & the Mediterranean, 7.0 per-
cent in China, 5.2 percent in India, 3.9 percent in Latin 
America & the Caribbean, 3.7 percent in High-income, 
and 2.5 percent in sub-Saharan Africa (Table 4.2).

Furthermore, cancers (i.e., malignant neo-
plasms) also largely participate to the economic value 
of avoidable mortality, especially so in High-income 

(5.2 percent for females, 7.2 percent for males, of 
annual income in 2019) and China (3.8 percent and 
6.8 percent) (webappendix Table B1). Yet, these eco-
nomic values would be quite smaller in Eurasia & the 
Mediterranean (2.5 percent and 3.1 percent), India 
(1.6 percent and 1.3 percent), Latin America & the 
Caribbean (2.9 percent and 2.5 percent), and sub-Sa-
haran Africa (2.2 percent and 1.1 percent).

As for injuries, they seem to be more geographi-
cally located. Indeed, injuries display substantial values 
for males in Latin America & the Caribbean (around 
8.8 percent of annual income in 2019; compared with 
1.6 percent for females) and are concentrated within 
intentional injuries (around 5.1 percent of male annual 
income in 2019); as well as for males in sub-Saharan 
Africa (around 7.4 percent of annual income in 2019, 
3.2 percent for females) with a concentration within 
unintentional injuries (around 5.1 percent of male an-
nual income in 2019) (webappendix Table B1). On the 
contrary, for the other four regions, the economic val-
ues for injuries were lower: between 4.1 and 4.8 percent 
of annual income for males, between 1.3 and 2.6 per-
cent of annual income for females (in the year 2019).

TABLE 4.2     Economic value of avoidable mortality as a percentage of annual income by region and cause of death, for 
the years 2000, 2019, and 2030

Cause of death 2000 2019 2050

China
Communicable, maternal, perinatal and nutritional conditions 2.5% 0.9% 0.2%
	 Infectious and parasitic diseases 1.8% 0.7% 0.1%
	 Maternal and neonatal conditions 0.6% 0.3% 0.1%
	 Nutritional deficiencies 0.0% 0.0% 0.1%

Noncommunicable diseases 10.5% 14.9% 23.6%
	 Cardiovascular diseases 3.7% 7.0% 12.4%
		  Ischaemic heart disease 0.6% 2.5% 6.2%
		  Stroke 2.7% 3.9% 4.4%
		  Other cardiovascular diseases 0.4% 0.4% 1.7%
	 Diabetes mellitus 0.1% 0.3% 0.6%
	 Digestive diseases 0.5% 0.4% 0.1%
		  Cirrhosis of the liver 0.4% 0.3% 0.1%
		  Other digestive diseases 0.1% 0.1% 0.0%
	 Malignant neoplasms 3.5% 5.3% 8.2%
		  Breast cancer 0.0% 0.1% 0.3%
		  Cervix uteri cancer 0.1% 0.2% 0.3%
		  Liver cancer 0.8% 0.5% 0.8%
		  Mouth and oropharynx cancers 0.1% 0.1% 0.1%
		  Oesophagus cancer 0.5% 0.6% 0.4%
		  Stomach cancer 0.8% 1.0% 0.5%
		  Trachea, bronchus, lung cancers 0.9% 1.9% 3.6%
		  Other malignant neoplasms 0.6% 1.0% 2.2%
	 Respiratory diseases 1.9% 1.4% 0.8%
		  Chronic obstructive pulmonary disease 1.8% 1.4% 0.9%
		  Other respiratory diseases 0.0% 0.0% 0.0%
	 Other noncommunicable diseases 0.7% 0.6% 1.4%
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Cause of death 2000 2019 2050

Injuries 4.2% 2.9% 1.7%
	 Intentional injuries 0.9% 0.4% 0.1%
	 Unintentional injuries 3.3% 2.5% 1.6%
		  Road injury 1.5% 1.3% 0.6%
		  Other unintentional injuries 1.8% 1.2% 0.9%

Eurasia & Mediterranean
Communicable, maternal, perinatal and nutritional conditions 9.1% 5.2% 2.8%
	 Infectious and parasitic diseases 7.3% 3.9% 2.0%
	 Maternal and neonatal conditions 1.5% 1.1% 0.6%
	 Nutritional deficiencies 0.2% 0.1% 0.1%

Noncommunicable diseases 12.8% 13.7% 17.8%
	 Cardiovascular diseases 6.4% 6.8% 8.7%
		  Ischaemic heart disease 3.3% 3.5% 4.8%
		  Stroke 2.3% 2.4% 2.8%
		  Other cardiovascular diseases 0.8% 0.8% 1.0%
	 Diabetes mellitus 0.5% 0.8% 1.3%
	 Digestive diseases 1.3% 1.3% 1.3%
		  Cirrhosis of the liver 0.9% 0.9% 0.9%
		  Other digestive diseases 0.3% 0.3% 0.4%

	 Malignant neoplasms 2.4% 2.8% 3.6%

		  Breast cancer 0.2% 0.3% 0.3%
		  Cervix uteri cancer 0.2% 0.2% 0.1%
		  Liver cancer 0.2% 0.3% 0.3%
		  Mouth and oropharynx cancers 0.2% 0.2% 0.3%
		  Oesophagus cancer 0.1% 0.1% 0.2%
		  Stomach cancer 0.2% 0.2% 0.2%
		  Trachea, bronchus, lung cancers 0.4% 0.5% 0.6%
		  Other malignant neoplasms 0.9% 1.1% 1.7%
	 Respiratory diseases 0.8% 0.8% 1.0%
		  Chronic obstructive pulmonary disease 0.5% 0.5% 0.7%
		  Other respiratory diseases 0.3% 0.3% 0.3%
	 Other noncommunicable diseases 1.5% 1.4% 1.9%

Injuries 4.7% 3.0% 2.2%
	 Intentional injuries 1.5% 0.9% 0.7%
	 Unintentional injuries 3.1% 2.2% 1.5%
		  Road injury 1.2% 1.1% 0.8%
		  Other unintentional injuries 1.9% 1.0% 0.7%

High-income
Communicable, maternal, perinatal and nutritional conditions 1.6% 1.6% 1.8%
	 Infectious and parasitic diseases 1.2% 1.2% 1.4%
	 Maternal and neonatal conditions 0.3% 0.2% 0.1%
	 Nutritional deficiencies 0.1% 0.1% 0.1%

Noncommunicable diseases 14.1% 16.2% 19.2%
	 Cardiovascular diseases 4.1% 3.7% 4.3%
		  Ischaemic heart disease 2.8% 2.2% 2.2%
		  Stroke 0.6% 0.5% 0.7%
		  Other cardiovascular diseases 0.8% 1.1% 1.7%
	 Diabetes mellitus 0.4% 0.4% 0.5%
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Cause of death 2000 2019 2050

	 Digestive diseases 0.9% 1.0% 1.1%
		  Cirrhosis of the liver 0.5% 0.5% 0.5%
		  Other digestive diseases 0.3% 0.4% 0.6%
	 Malignant neoplasms 6.2% 6.2% 5.8%
		  Breast cancer 0.6% 0.5% 0.4%
		  Cervix uteri cancer 0.1% 0.1% 0.0%
		  Liver cancer 0.3% 0.3% 0.3%
		  Mouth and oropharynx cancers 0.2% 0.2% 0.2%
		  Oesophagus cancer 0.2% 0.3% 0.2%
		  Stomach cancer 0.4% 0.3% 0.1%
		  Trachea, bronchus, lung cancers 2.1% 2.2% 1.5%
		  Other malignant neoplasms 2.6% 2.7% 3.1%
	 Respiratory diseases 0.9% 1.5% 2.3%
		  Chronic obstructive pulmonary disease 0.6% 0.9% 1.4%
		  Other respiratory diseases 0.3% 0.5% 0.8%
	 Other noncommunicable diseases 1.8% 3.7% 5.5%

Injuries 3.4% 2.9% 2.5%
	 Intentional injuries 1.3% 1.4% 1.0%
	 Unintentional injuries 1.9% 1.4% 1.4%
		  Road injury 1.1% 0.6% 0.5%
		  Other unintentional injuries 0.8% 0.8% 0.9%

India
Communicable, maternal, perinatal and nutritional conditions 16.4% 7.8% 3.3%
	 Infectious and parasitic diseases 13.6% 6.4% 2.7%
	 Maternal and neonatal conditions 2.3% 1.2% 0.6%
	 Nutritional deficiencies 0.4% 0.1% 0.0%

Noncommunicable diseases 8.2% 11.6% 18.9%
	 Cardiovascular diseases 3.3% 5.2% 8.2%
		  Ischaemic heart disease 1.8% 3.2% 5.3%
		  Stroke 0.9% 1.3% 2.0%
		  Other cardiovascular diseases 0.6% 0.6% 0.8%
	 Diabetes mellitus 0.3% 0.6% 1.2%
	 Digestive diseases 1.4% 1.4% 1.2%
		  Cirrhosis of the liver 0.8% 0.9% 0.8%
		  Other digestive diseases 0.6% 0.4% 0.3%
	 Malignant neoplasms 0.7% 1.4% 3.4%
		  Breast cancer 0.0% 0.2% 0.3%
		  Cervix uteri cancer 0.1% 0.2% 0.2%
		  Liver cancer 0.0% 0.0% 0.1%
		  Mouth and oropharynx cancers 0.2% 0.4% 0.8%
		  Oesophagus cancer 0.1% 0.1% 0.2%
		  Stomach cancer 0.1% 0.2% 0.2%
		  Trachea, bronchus, lung cancers 0.1% 0.2% 0.4%
		  Other malignant neoplasms 0.2% 0.4% 1.4%
	 Respiratory diseases 1.6% 2.0% 3.2%
		  Chronic obstructive pulmonary disease 1.0% 1.4% 2.6%
		  Other respiratory diseases 0.5% 0.6% 0.6%
	 Other noncommunicable diseases 1.1% 1.1% 1.9%

Injuries 4.2% 3.6% 3.3%
	 Intentional injuries 1.3% 1.1% 0.9%
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Cause of death 2000 2019 2050

	 Unintentional injuries 2.8% 2.5% 2.4%
		  Road injury 0.8% 0.9% 0.8%
		  Other unintentional injuries 2.0% 1.6% 1.5%

Latin America & Caribbean
Communicable, maternal, perinatal and nutritional conditions 6.0% 3.6% 3.2%

	 Infectious and parasitic diseases 4.2% 2.6% 2.6%
	 Maternal and neonatal conditions 1.3% 0.8% 0.3%
	 Nutritional deficiencies 0.5% 0.2% 0.2%

Noncommunicable diseases 11.1% 12.8% 16.9%
	 Cardiovascular diseases 3.3% 3.9% 5.1%
		  Ischaemic heart disease 1.4% 1.9% 2.9%
		  Stroke 1.2% 1.1% 1.0%
		  Other cardiovascular diseases 0.7% 0.8% 1.1%
	 Diabetes mellitus 0.9% 1.3% 1.9%
	 Digestive diseases 1.5% 1.6% 1.9%
		  Cirrhosis of the liver 0.8% 0.7% 0.8%
		  Other digestive diseases 0.7% 0.9% 1.2%
	 Malignant neoplasms 2.3% 2.7% 3.8%
		  Breast cancer 0.2% 0.3% 0.4%
		  Cervix uteri cancer 0.3% 0.3% 0.2%
		  Liver cancer 0.1% 0.2% 0.2%

		  Mouth and oropharynx cancers 0.1% 0.1% 0.1%
		  Oesophagus cancer 0.1% 0.1% 0.1%
		  Stomach cancer 0.3% 0.3% 0.3%
		  Trachea, bronchus, lung cancers 0.3% 0.4% 0.5%
		  Other malignant neoplasms 1.1% 1.3% 2.2%
	 Respiratory diseases 1.0% 0.9% 1.0%
		  Chronic obstructive pulmonary disease 0.5% 0.5% 0.7%
		  Other respiratory diseases 0.5% 0.4% 0.4%
	 Other noncommunicable diseases 2.0% 2.5% 3.2%

Injuries 6.7% 5.1% 2.8%
	 Intentional injuries 3.4% 2.9% 1.6%
	 Unintentional injuries 3.3% 2.3% 1.2%
		  Road injury 1.6% 1.3% 0.6%
		  Other unintentional injuries 1.7% 1.0% 0.6%

Sub-Saharan Africa
Communicable, maternal, perinatal and nutritional conditions 33.5% 20.0% 9.5%
	 Infectious and parasitic diseases 29.0% 16.6% 7.2%
	 Maternal and neonatal conditions 3.6% 3.0% 1.8%
	 Nutritional deficiencies 0.9% 0.4% 0.4%

Noncommunicable diseases 7.5% 8.5% 11.4%
	 Cardiovascular diseases 2.4% 2.5% 3.0%
		  Ischaemic heart disease 0.7% 0.8% 1.2%
		  Stroke 1.0% 1.0% 1.1%
		  Other cardiovascular diseases 0.7% 0.6% 0.7%
	 Diabetes mellitus 0.4% 0.5% 0.7%
	 Digestive diseases 1.4% 1.4% 1.4%
		  Cirrhosis of the liver 0.8% 0.8% 0.8%
		  Other digestive diseases 0.5% 0.6% 0.7%
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Cause of death 2000 2019 2050

	 Malignant neoplasms 1.0% 1.7% 3.3%
		  Breast cancer 0.1% 0.3% 0.5%
		  Cervix uteri cancer 0.3% 0.3% 0.5%
		  Liver cancer 0.1% 0.1% 0.2%
		  Mouth and oropharynx cancers 0.0% 0.1% 0.1%
		  Oesophagus cancer 0.1% 0.1% 0.1%
		  Stomach cancer 0.0% 0.1% 0.1%
		  Trachea, bronchus, lung cancers 0.0% 0.0% 0.1%
		  Other malignant neoplasms 0.4% 0.8% 1.6%
	 Respiratory diseases 0.6% 0.5% 0.6%
		  Chronic obstructive pulmonary disease 0.2% 0.2% 0.3%
		  Other respiratory diseases 0.4% 0.3% 0.4%
	 Other noncommunicable diseases 1.7% 2.0% 2.4%

Injuries 6.0% 5.3% 5.7%
	 Intentional injuries 2.4% 1.5% 1.7%
	 Unintentional injuries 3.6% 3.8% 4.0%
		  Road injury 1.8% 2.1% 2.5%
		  Other unintentional injuries 1.7% 1.6% 1.5%

World
Communicable, maternal, perinatal and nutritional conditions 10.1% 6.3% 3.9%
	 Infectious and parasitic diseases 8.4% 5.1% 3.0%
	 Maternal and neonatal conditions 1.5% 1.1% 0.7%
	 Nutritional deficiencies 0.3% 0.1% 0.2%

Noncommunicable diseases 11.0% 13.1% 17.5%
	 Cardiovascular diseases 4.2% 5.2% 7.0%
		  Ischaemic heart disease 1.9% 2.6% 3.8%
		  Stroke 1.6% 1.9% 2.1%
		  Other cardiovascular diseases 0.7% 0.7% 1.1%
	 Diabetes mellitus 0.4% 0.6% 1.0%
	 Digestive diseases 1.1% 1.1% 1.2%
		  Cirrhosis of the liver 0.7% 0.7% 0.7%
		  Other digestive diseases 0.4% 0.4% 0.5%
	 Malignant neoplasms 2.8% 3.4% 4.4%
		  Breast cancer 0.2% 0.2% 0.4%
		  Cervix uteri cancer 0.1% 0.2% 0.2%
		  Liver cancer 0.3% 0.3% 0.3%
		  Mouth and oropharynx cancers 0.2% 0.2% 0.3%
		  Oesophagus cancer 0.2% 0.2% 0.2%
		  Stomach cancer 0.4% 0.4% 0.2%
		  Trachea, bronchus, lung cancers 0.7% 0.9% 1.0%
		  Other malignant neoplasms 1.0% 1.2% 1.9%
	 Respiratory diseases 1.2% 1.2% 1.5%
		  Chronic obstructive pulmonary disease 0.8% 0.9% 1.1%
		  Other respiratory diseases 0.3% 0.3% 0.4%
	 Other noncommunicable diseases 1.4% 1.7% 2.5%

Injuries 4.6% 3.6% 3.2%
	 Intentional injuries 1.6% 1.1% 1.0%
	 Unintentional injuries 3.0% 2.4% 2.2%
		  Road injury 1.3% 1.2% 1.1%
		  Other unintentional injuries 1.7% 1.2% 1.1%
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FIGURE 4.2     Economic values of avoidable mortality, measured as proportion of annual income, assigned to selected causes of death for the six regions, 
in the years 2000, 2019, and 2050

We note that the economic value attributable 
to the cause category “communicable, maternal, 
perinatal and nutritional conditions” would be very 
substantial in sub-Saharan Africa (20.4 percent for 
females, 19.6 percent for males, of annual income in 
2019), and quite large, yet to a lesser extent in In-
dia (8.1 percent and 7.5 percent). This is notably due 
to large young populations, especially in sub-Saha-
ran Africa (UN 2022), as well as to high mortality 
rates for these causes of death. The economic values 
for these causes of death would however be much 
smaller in the other four regions, particularly so in 
high-income (1.5 percent for females, 1.8 percent for 

males) and China (0.8 percent for females, 1.1 per-
cent for males), geographical locations that are most 
advanced into the epidemiological transition from 
communicable to non-communicable diseases.

Lastly, in almost all regions, we could point to the 
rapid expansion of avoidable deaths associated with 
NCDs, in particular CVD and cancers, and to the fast 
compression of avoidable mortality from communi-
cable, perinatal, maternal and nutritional diseases, 
into the future (from 2000 to 2019 and 2050; Figure 
4.3). This is a testimony of the still advancing epidemi-
ological transition from communicable to non-com-
municable diseases and of the ageing of populations. 
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FIGURE 4.3     Rates of change (percent per year) of the economic values of avoidable mortality assigned to selected causes of death 
(communicable, maternal, perinatal and nutritional conditions; cardiovascular diseases; malignant neoplasms; injuries) for the six regions, over the time periods 
2000-2019 and 2019-2050.
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Specifically, from 2000 to 2050, we observe steady de-
clines in the economic value associated with avoidable 
mortality from communicable, perinatal, maternal 
and nutritional diseases coupled with steady expan-
sions of the economic value of avoidable mortality 
from CVD (except for sub-Saharan Africa) and can-
cers in China, India, and sub-Saharan Africa. For the 
other regions, the extents of these CVD and cancer 

expansions would be smaller, especially so in High-in-
come, which displays a rather stagnant picture. Over-
all, this dynamic evolution into the future crucially 
emphasizes the paramount challenges and economic 
losses ahead tied to the expansion of CVD and can-
cers, replacing communicable, perinatal, maternal 
and nutritional diseases, particularly in the emerging 
economies of China, India, and sub-Saharan Africa.

Sensitivity analyses

When using the lowest mortality rates (in place of 
the 10th percentile of the mortality rates; webap-
pendix Figure C1) or when applying standard BCA 
sensitivity analyses (Robinson et al. 2019), we did 
not observe qualitatively distinct findings, though 
quantitatively the findings would be impacted. 
This was the case, whether we prescribed differ-
ent income elasticities, of 1.0 and 1.5 (webappen-
dix Figures C2, C3), where economic values would 

decrease (increase) with a higher (lower) income 
elasticity; or varied discount rates, to 1 and 5 per-
cent per year (webappendix Figures C5, C6), where 
we observed modest changes; or we set an alterna-
tive baseline VSL-to-income ratio of 100 relative 
to OECD countries (instead of 160 relative to the 
United States; webappendix Figure C4), where eco-
nomic values would decrease.

DISCUSSION

We described in this chapter analytical methods to compute the monetary values linked with mortality risk re-
ductions associated with specific causes of death, across six regions. The economic framework presented provides 
a systematic monetary assessment of the burden of avoidable mortality, which can be useful in quantifying the 
costs and benefits of both health and non-health interventions, and allow comparisons within the health sector 
as well as beyond across sectors (e.g., health, education, transport, agriculture).

Our assessment shows that the implications of con-
trolling NCDs and injuries could be substantial in 
terms of economic value and that the costs of inac-
tion would be enormous, especially for CVD. Indeed, 
we found that the economic value associated with 
avoidable CVD mortality would be universally large, 
in the order of 3 to 7 percentage points of annual in-
come in the year 2019 for example. We also observed 
that the economic value of avoidable cancer mortal-
ity would be large in high-Income and China; and, 
for injury, it would be substantial for males in Latin 
America & the Caribbean (intentional injuries) and 
males in sub-Saharan Africa (unintentional injuries). 

While the extents of these hypothetical mortal-
ity reductions needed not be monetized, important-
ly, in computing these economic values, we assigned 
willingness to pay values for cause-specific mortality 
reductions and provided a metric (i.e., percent of an-
nual income) that is directly comparable to GNIs and 
annual budgetary allocations. As such, we produced 
potential willingness to pay estimates (e.g., multipliers 
of GNIs per capita; Bertram et al. 2016, Woods et al. 
2016) against which one could gauge the cost-effec-

tiveness of interventions (say as potential “best-buys”). 
We also estimated sizeable monetary values for the 
mortality reduction gains that could be obtained with 
scaling up key interventions and benefit packages ad-
dressing NCDs and injuries (e.g., health taxes, primary 
and secondary prevention of CVD; NCD Countdown 
2030 collaborators 2022). In sum, our dual focus on 
mortality frontiers and modulated monetary valua-
tion of the size of mortality risk reductions provides 
a priority-setting dimension complementary to cause-
of-death distributions (webappendix Figure D1). 

Relatedly, a few similar studies (in spirit) have 
been conducted in the literature. Most importantly, 
Bloom and colleagues have pioneered comparable 
BCA methods and published seminal works as part 
of making the investment case for NCDs (Bloom et al. 
2011). They have also led macroeconomic modeling 
to assess the economic losses attributable to NCDs 
in a few Asian nations including China, Japan, and 
South Korea (Bloom et al. 2020) and to cancers glob-
ally (Chen et al. 2023). These works, like ours, demon-
strated the very substantial welfare impact of NCDs, 
at the global and regional levels. Also, Khadka & 
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Verguet (2021) further developed VSL approaches to 
quantify the monetary values associated with NCDs 
in a systematic manner, and like our assessment, es-
timated that the welfare losses associated with NCDs, 
particularly for CVD and cancers, would be very sub-
stantial in the coming decades for LMIC economies. 
Similarly, Arias and colleagues (2022) pointed to the 
potentially large economic losses tied to mental disor-
ders using somewhat comparable approaches.

Nevertheless, our analysis presents import-
ant limitations. First, we used global estimates of 
cause-specific mortality, which are based on incom-
plete and uncertain data, particularly in low- and 
lower-middle income countries (WHO 2020a). 

Second, we forecasted future trends (over the 
period 2020-2050) in age-cause-sex-specific frontier 
mortality rates and country groupings based on pre-
vious trends (over the period 2010-2019) using sim-
ple log-linear extrapolations into the future. A more 
complex modeling approach could be pursued, yield-
ing probabilistic distributions of a space of plausible 
future outcomes (Kontis et al. 2017). Yet, this would 
likely bring additional complications for interpre-
tation without, however, being further grounded 
within empirical data. Also, we did not consider 
the short- or long-term impacts of the COVID-19 
pandemic on age-cause-specific mortality rates in 
our forecasts. In addition, for the estimation of the 
mortality frontiers, we mostly used high-income 
country data, because high-quality vital registration 
data for LMICs outside of the Latin America & Ca-
ribbean region remain scarce and because high-in-
come countries would likely achieve the lowest mor-
tality rates (WHO 2020a; IHME 2022). Such frontier 
trajectories could however be revisited as more data 
become available, and alternative mortality frontiers 
could be constructed (e.g., region-specific mortality 
frontiers in place of global mortality frontiers). Like-
wise, different percentiles (5th, 20th, 30th or lowest) 
of mortality rates could be tested in place of the 10th 
percentiles used here. The changes might quantita-
tively affect our findings, yet only likely to a modest 
level if, for example, we used the lowest mortality 
rates in place of the 10th percentiles (webappendix 
Figures A1, C1). Relatedly, differences in cause-of-
death patterns across geographies and over time may 
relate to quality and practices in cause-of-death as-
signments as opposed to real epidemiological differ-
ences, especially for related causes (e.g., diabetes and 
CVD). Our methods are based on quantification of 
the economic value of avoidable mortality, which by 
design excludes non-fatal conditions, such as mental 
conditions and sensory disorders (e.g., vision and 

hearing impairments). We likely underestimate the 
economic value of non-fatal conditions by looking 
only at avoidable mortality. 

Third, there are major limitations with the im-
plementation of VSL approaches for economic val-
uation, in particular the high sensitivity of the VSL 
estimates to income elasticity parameters (Viscusi 
& Aldy 2003; Robinson, Hammitt & O’Keeffe 2019; 
webappendix Figures C2, C3). Importantly, we have 
made a number of argued prescriptions regarding 
the parametrization of our estimations, including the 
specification of a modulating function varying with 
the extent of mortality risk reductions (using Chang 
et al. (2024), consistent with Hammitt (2020) and 
Cardoso & Dahis (2020)). In this respect, caution 
should be exercised when comparing the economic 
values associated with avoidable mortality across re-
gions. Furthermore, to many, VSL approaches raise 
ethical dilemmas, that is, notably, to eventually yield 
a monetary value for life years. Yet, often, VSL esti-
mates are misunderstood as economic values one so-
ciety assigns to one life; while they rather capture the 
trade-offs individuals are willing to make in giving 
up a portion of their income in exchange for small 
reductions in their mortality risk over a given year 
(Robinson et al. 2019). Also, BCA is only one (among 
many other possible) method for priority setting, 
nonetheless attractive for making multisectoral com-
parisons. Critically, the quantitative values extracted 
from VSL estimates are sensitive to income elastic-
ities and the income differentials across countries. 
Fourth, while we were able to compute monetary 
values associated with longevity losses due to specific 
causes of death, this only provides one element (i.e., a 
valuation of health gains) for use in BCAs. Evidently, 
we would also need the costing of interventions and 
the valuation of morbidity reduction and other non-
health benefits (e.g., financial protection) (Verguet, 
Laxminaryan & Jamison 2015; Verguet & Norheim 
2022), so as to fully assess the returns on investment 
from controlling NCDs and injuries.

In summary, we produced a systematic econom-
ic valuation of the burden of avoidable mortality by 
cause of death, with a focus on major NCDs and in-
juries, in LMICs. This economic framework can point 
to the very large economic value linked to NCDs 
and injuries, amounting to several percentage points 
of annual incomes. It can also be further adapted to 
estimate the economic returns from investing in the 
health sector and, in this particular study, toward 
NCD and injury interventions. In doing so, it allows 
both economic comparisons of such investments both 
within the health sector as well as across other sectors.
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