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Key questions

What is already known?
►► An effective intervention will only improve health 
outcomes overall if the additional health benefits 
it offers exceed the health opportunity costs asso-
ciated with the additional healthcare costs that it 
imposes.

►► The criteria commonly used to judge cost-effective-
ness (ie, cost per disability-adjusted life year (DALY) 
averted ‘thresholds’) do not reflect evidence of health 
opportunity costs with the result that decisions and 
recommendations based on them may reduce rather 
than improve overall population health.

What are the new findings?
►► Available estimates of the health effect of changes 
in health expenditure using country-level data can 
be used to inform country-specific assessments of 
health opportunity costs by applying estimated mor-
tality effects (elasticities) to country-specific data 
on baseline epidemiology, demographics and health 
expenditure.

►► A range of plausible estimates of the cost per DALY 
averted from changes in health expenditure are 
reported for 97 low-income and middle-income 
countries.

What do the new findings imply?
►► The reported estimates are an evidence-based 
improvement on the type of norms that have be-
come widely cited and used as ‘thresholds’ to judge 
cost-effectiveness, and this framework of analysis 
can be applied to the results of any study thought to 
identify plausible effects on mortality of changes in 
health expenditure, whether they are based on coun-
try-level or within country data.

Abstract
The economic evaluation of healthcare interventions 
requires an assessment of whether the improvement in 
health outcomes they offer exceeds the improvement in 
health that would have been possible if the additional 
resources required had, instead, been made available for 
other healthcare activities. Therefore, some assessment of 
these health opportunity costs is required if the best use 
is to be made of the resources available for healthcare. 
This paper provides a framework for generating country-
specific estimates of cost per disability-adjusted life year 
(DALY) averted ‘thresholds’ that reflect health opportunity 
costs. We apply estimated elasticities on mortality, survival, 
morbidity and a generic measure of health, DALYs, that 
take account of measures of a country’s infrastructure 
and changes in donor funding to country-specific data 
on health expenditure, epidemiology and demographics 
to determine the likely DALYs averted from a 1% change 
in expenditure on health. The resulting range of cost per 
DALY averted ‘threshold’ estimates for each country that 
represent likely health opportunity costs tend to fall below 
the range previously suggested by WHO of 1–3× gross 
domestic product (GDP) per capita. The 1–3× GDP range 
and many other previous and existing recommendations 
about which interventions are cost-effective are not based 
on an empirical assessment of the likely health opportunity 
costs, and as a consequence, the health effects of changes 
in health expenditure have tended to be underestimated, 
and there is a risk that interventions regarded as cost-
effective reduce rather than improve health outcomes 
overall.

Introduction
Evidence of the expected costs and health 
effects of making a healthcare intervention 
available to specific populations in a particular 
setting and healthcare system (HCS) are typi-
cally summarised as incremental cost-effec-
tiveness ratios, which are often expressed as 
the cost per quality-adjusted life year (QALY) 
gained or the cost per disability-adjusted 
life year (DALY) averted.1 These measures 
provide a useful summary of how much 
additional resource is required to achieve a 

measured improvement in health (the addi-
tional cost required to gain one QALY or 
to avert one DALY). Whether the cost per 
QALY gained or DALY averted offered by 
an intervention is judged to be cost-effective 
requires some explicit or implicit criteria, 
often referred to as a cost-effectiveness (cost 
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per DALY averted) ‘threshold’ below which the inter-
vention is regarded as worthwhile. However, an effective 
intervention will only improve health outcomes overall 
(ie, produce a positive net health benefit) if the addi-
tional health benefits it offers exceed the health oppor-
tunity costs associated with the healthcare costs that it 
imposes (whether these must be found from existing 
commitments or additional expenditure that could have 
been devoted to other healthcare activities). Therefore, 
an assessment of health opportunity cost indicates the 
maximum an HCS can afford to pay for the health bene-
fits that an intervention offers without reducing health 
outcomes overall. It also reflects the value (the health 
benefits) of increasing healthcare expenditure.

To ensure that decisions improve rather than reduce 
health outcomes overall, judgements about cost-effec-
tiveness ought to be founded on evidence of the likely 
health opportunity costs in the HCS where the use of an 
intervention is being considered.2 A persistent problem 
has been that the criteria used to judge cost-effectiveness 
(ie, cost per DALY ‘thresholds’) recommended or cited 
by decision making and advisory bodies (both national 
and supranational) reflect a lack of conceptual clarity 
about what they ought to represent and what type of 
evidence might inform their assessment.3 4 These implicit 
values and established norms do not reflect evidence of 
health opportunity costs, so decisions or recommenda-
tions based on them may reduce rather than improve 
overall population health.2 For example, the cost per 
DALY averted ‘thresholds’ previously promoted by the 
WHO, which classified interventions as very cost effec-
tive (1× gross domestic product (GDP) per capita or less) 
and cost-effective (3× GDP per capita or less), became 
a widely cited and established norm but did not reflect 
evidence of health opportunity costs.5 The explicit and/
or widely cited norms that have become established in 
some high-income settings are also recognised as having 
little evidential foundation.6–9 Other proposed ‘thresh-
olds’ reflect a view of what value ought to be placed on 
improvements in health. They imply what healthcare 
expenditure ought to be (the social demand for health) 
rather than an evidence-based assessment of health 
opportunity costs given actual levels of expenditure, that 
is, a ‘supply side’ estimate of the amount of health that 
an HCS currently delivers with more or less resources.10 11

The health opportunity cost of a proposed investment 
in a healthcare intervention is the improvement in health 
that would have been possible if the additional resources 
required had, instead, been made available for other 
healthcare activities. This assessment is equally relevant 
whether the additional costs of the investment must be 
found from existing commitments and current levels 
of health expenditure, or when health expenditure will 
be increased to accommodate the additional resources 
required. Therefore, an estimate of the marginal 
productivity of healthcare expenditure also represents 
expected health opportunity costs when the decision 
context is restricted to approving or rejecting a proposed 

investment. Decision makers may also compare a 
proposed investment to specific disinvestments required 
to accommodate it or alternative investments that could 
be made with any additional resources. However, they 
still need to consider how these alternatives compare 
with what the HCS could be expected to deliver, that is, 
an estimate of marginal productivity is still relevant. If the 
decision maker had full information about all interven-
tions that are or could be provided for all indications and 
subgroups of the population and was also tasked with the 
wholesale redesign of the health care system, then the 
marginal productivity would be the outcome of this task. 
There are no examples of this type of wholesale redesign 
for each proposed investment. There are some limited 
examples of periodic wholesale package design in low-in-
come settings, but even here some estimate of existing 
marginal productivity has been shown to be a useful 
starting point in package design.12

Estimates of the marginal productivity of health expen-
diture in producing health (QALYs) are becoming avail-
able for some high-income countries based on approaches 
to estimation that exploit within-country data.13–16 This 
evidence from national HCS in high-income countries 
gives some indication of possible values in other contexts 
based on estimates of the income elasticity of demand for 
health and assumptions about the relative underfunding 
of HCS (ie, the shadow price for public expenditure on 
health).17 However, there are estimates of the mortality 
effects of changes in healthcare expenditure based on 
country-level data (typically expressed as elasticities) 
which, in combination with country-specific data on 
baseline epidemiology, demographics and health expen-
diture, offer the opportunity to estimate country-specific 
cost per DALY averted ‘thresholds’ that reflect evidence 
of health opportunity costs.

Methods
The effect of different levels of healthcare expenditure 
on mortality outcomes has been investigated in a number 
of published studies using cross-country data.18 The chal-
lenge is to control for all the other reasons why mortality 
might differ between countries in order to isolate the 
causal effect of differences in health expenditure.19 Even 
if available measures are complete, accurate and unbi-
ased, then estimation issues are likely to occur because 
of simultaneous equation bias, where health outcomes 
are likely to be influenced by expenditure (increases in 
expenditure improves outcomes), but outcomes are also 
likely to influence expenditure (poor outcomes prompt 
greater efforts and increased expenditure).20 This results 
in endogeneity which, combined with inevitable aggrega-
tion bias, risks underestimating the magnitude of health 
improvements due to changes in expenditure. Instru-
mental variables have been used in a number of studies 
to try and overcome this problem and estimate outcome 
elasticities for mortality.18 This approach requires that the 
excluded instruments satisfy two criteria. The first is that 
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Table 1  Estimated elasticities for LMICs

Average Minimum magnitude Maximum magnitude

Mortality (deaths per 1000)

Children under-5 −0.33 −0.25 −0.35

Adults females −0.17 −0.08 −0.19

Adult males −0.18 −0.10 −0.20

YLLs −0.30 −0.26 −0.30

YLDs −0.03 −0.02 −0.04

DALYs −0.21 −0.18 −0.21

DALYs, disability-adjusted life years; LMICS, low-income and middle-income coutries; YLDs, years of life disabled; YLLs, years of life lost.

the instruments are relevant, that is, the excluded instru-
ments strongly predict the endogenous instrumented 
variables. This is typically judged by calculating the f-sta-
tistic of a joint test of the excluded instruments where 
the statistic should be at least 10.21 The second criterion 
is that the instruments are valid, which means that the 
instruments themselves do not affect the outcome vari-
able directly or through some unobserved factor, but 
instead only influence the outcome indirectly through 
their effect on the endogenous instrumented variable. 
Instrument validity cannot be directly tested, and expert 
judgement is required, but when an equation is overiden-
tified (there are more excluded instruments than endog-
enous variables) an overidentification test can be helpful, 
although it may lack power in rejecting the null hypoth-
esis of joint validity in some cases.22

The Bokhari et al model specification applies an instru-
mental variable approach to cross-sectional data from 
the year 2000 for 127 countries and models both public 
expenditure on health and a country’s GDP as endog-
enous variables (both in per capita terms). Their iden-
tification strategy employs as instrumental variables: 
consumption–investment ratio, military expenditure 
per capita of neighbouring countries and measures of 
institutional quality.23 Bokhari et al make the case that 
the consumption–investment ratio is related to the level 
of GDP, but not directly to health outcomes, making it 
a suitable instrumental variable for GDP. Similarly, they 
argue that military expenditure in neighbouring coun-
tries is a reasonable instrument for public expenditure 
on health because it is not directly related to health 
outcomes, and it encourages domestic military expendi-
ture that crowds out other public expenditure, including 
health. Finally, they argue that GDP and public expen-
diture on health are related to the institutional quality 
instruments that reflect economic management and 
policies for social inclusion and equity, respectively. 
These are typical instrumental variables following in the 
tradition of earlier papers and pass the standard tests for 
relevance and validity.24 In addition, Bokhari et al allow 
for the outcome elasticity with respect to expenditure of 
countries to vary by two variables reflecting the level of 
infrastructure and shock in donor funding.

The results from this approach to estimation using 
cross-country data can inform country-specific cost per 
DALY averted values by applying estimated elasticities to 
country-specific mortality rates, conditional life expec-
tancies (CLEs) and population distribution (all by age 
and gender) as well as estimates of disability burden of 
disease and total healthcare expenditure. We use the 
Bokhari et al model specification and expand on their 
original dataset for year 2000 (ie, under-5 mortality and 
the original instrumental variables, including bespoke 
data on institutional quality) to re-estimate the effect of 
changes in expenditure on adult male and adult female 
mortality from the World Bank, enabling greater coverage 
of the population, as well as: (1) a measure of the survival 
burden of disease: years of life lost (YLLs); (2) a measure 
of the morbidity burden of disease: years of life disabled 
(YLDs); and (3) DALYs, a generic measure of overall ill 
health, from the Global Burden of Disease (GBD) data-
base.25 Elasticities are calculated at the country level and 
differ only with respect to the interaction of measures of 
infrastructure and donor funding. While data from 2000 
is used, there is little evidence to suggest elasticities would 
be expected to vary over time.18 The estimated elasticities 
for low-income and middle-income coutries (LMICs) (see 
table 1) are applied to country-specific data from 2015 on 
health expenditure, epidemiology and demographics.

There are four ways in which the estimated elasticities 
in table 1 can be used to estimate the likely DALYs averted 
as a consequence of a 1% change in health expenditure 
in each country, i. These are summarised in table 2 and 
are briefly described below, with details of the data used 
reported in online supplementary file 2.

DALY 1
The first estimate is based only on estimates of the 
mortality effects of changes in expenditure. As these 
are the most prevalent estimates available across the 
literature, this means that in principle DALY 1 could 
be calculated using elasticities from various sources, for 
example, all-cause mortality elasticities estimated from 
within-country data.26 27

The estimated elasticity for children under-5 for each 

country i, ‍ϵ
mortality0−4

i ‍, can be applied to the number of 
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Table 2  Alternative approaches to calculating DALYs averted

DALY 1 DALY 2 DALY 3 DALY 4

Survival effects
(YLLs averted) 

Based on indirectly 
estimating effects 
on survival from 
mortality (A).

Directly estimated (D). Directly estimated 
(G).

Morbidity effects
(YLDs averted)

Direct effect Uses indirectly 
estimated effects 
on survival from 
mortality as a 
surrogate for 
morbidity effects 
(B).

Uses directly 
estimated 
survival effects 
as a surrogate for 
morbidity effects 
(E).

Directly estimated 
(F).

Indirect effect Uses average overall population health 
as a surrogate for increase in YLD 
burden associated with increase in YLLs 
averted (C).

DALYs, disability-adjusted life years; YLDs, years of life disabled; YLLs, years of life lost.

deaths observed in this age group in each country to 
provide an estimate of the number of under-5 deaths 
averted as a consequence of a 1% change in country 
health expenditure.

	﻿‍
directly estimated deaths averted0−4

i = 1% ∗
∣∣∣∣ϵmortality0−4

i

∣∣∣∣ ∗ deaths0−4
i ‍

� (1)
Similarly, the estimated elasticities for male and female 
adults (ages 15–60 years) are applied to observed deaths 
by age and gender in each country, that is, assuming that 
the proportionate effect on mortality applies equally 
across age groups within 15–60 years age range.

	﻿‍

directly estimated deaths averted15− 60
i = 1% ∗

∣∣∣∣ϵmortality15− 60

i

∣∣∣∣ ∗ deaths15−19
i

+ . . . + 1% ∗
∣∣∣∣ϵmortality15− 60

i

∣∣∣∣ ∗ deaths55− 60
i ‍

� (2)
Once the likely deaths averted by a 1% change in health 
expenditure have been estimated (see Eqs. (1) and (2)), 
the survival effects can be established by applying CLE 
at age of death to each death averted within each age 
group for which deaths averted have been estimated (see 
Eq. (3)) and scaling these survival effects to be for the 
whole population using data on the population level 
YLL burden (see Eq. (4)). This assumes that the survival 
effects of changes expenditure are in proportion to the 
survival burden of disease in each age group.

‍

mortality based YLL averted0−4 & 15−60
i = CLE0−4

i ∗ deaths averted0−4
i

+CLE15−19
i ∗ deaths averted15−19

i

+CLE20−24
i ∗ deaths averted20−24

i

+ . . .

+CLE55−59
i ∗ deaths averted55−59

i

‍

(3)

	﻿‍

mortality based YLL avertedall ages
i

= mortality based YLL averted0−4 & 15−60
i /

YLL0−4
i + YLL15−60

i

YLLall ages
i ‍�

(4)

Changes in expenditure that affect mortality and survival 
are also likely to have an effect on morbidity through 
the prevention and treatment of disease (ie, a direct 
effect decreasing YLD burden). However, an indirect 
effect may also be present as reductions in mortality and 
the resulting increased survival is likely to increase the 
number of years during which morbidity is experienced.

To calculate the possible direct effect, we assume that 
the effect of changes in expenditure on morbidity is 
proportional to the effect on survival (B in table 2), that 
is, assuming that the estimated effects on mortality can be 
used as a surrogate for likely effects on morbidity where 
these effects have not been directly estimated. The ratio 
of YLD to YLL in each country is applied to estimates 
of the country-specific survival effects from Eq. (4). To 
account for the indirect effect of increasing the number 
of years during which morbidity is experienced due to 
the survival effects, we apply the per capita YLD burden 
for each country to the country-specific survival effects 
(see the second term in Eq. (5) below and C in table 2). 
Mortality based YLD averted are therefore calculated as:

	﻿‍

mortality based YLD avertedall ages
i = mortality based YLL avertedall ages

i

∗
YLDall ages

i

YLLall ages
i

−mortality based YLL avertedall ages
i

∗per capita YLD burdeni ‍
� (5)
The total DALYs averted due to a 1% change in health 
expenditure in each country is the sum of the survival 
effects (the YLL averted in Eq. (4), A in table 2) and the 
net morbidity effects (YLD averted in Eq. (5), B minus 
C in table 2). This illustrates how estimates of mortality 
effects of health expenditure, in the form of elasticities, 
can be used to provide an indication of the likely survival 
and morbidity effects. The health effects of a 1% change 
in country health expenditure will differ by country due 
to differences in the number observed deaths by age and 
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gender and differences in age-specific and gender-spe-
cific CLE as well as elasticities. The amount of expendi-
ture required to avert one DALY will also differ by country 
due to differences in total health expenditure.

	﻿‍
cost per DALY avertedi =

1% ∗ government expenditure on healthi

DALYs avertedi ‍� (6)

Nonetheless, a key assumption has been required, which 
is that the estimated mortality and survival effects of 
changes in health expenditure are a good surrogate for 
the morbidity effects.

DALY 2
The effect of changes in health expenditure on measures 
of survival burden of disease can also be estimated directly 
from the cross-country data (see table 1). The estimated 
elasticity for YLL, ‍ϵ

YLL
i ‍, can be applied to country-specific 

‍YLLall ages
i ‍, which are calculated from observed mortality 

and CLE by age and gender. Therefore, YLLs averted due 
to a 1% change in health expenditure can be directly esti-
mated (Eq. 7) rather than applying CLE to estimates of 
deaths averted by age and gender (as required in Eqs. (1) 
to (4) above).

	﻿‍ directly estimated YLL avertedi = 1% ∗
∣∣ϵYLL

i

∣∣ ∗ YLLall ages
i ‍� (7)

The possible direct and indirect effects on morbidity of 
changes in health expenditure that affects survival can 
be calculated in the same way as previously; assuming 
that that the estimated effects on survival can be used as 
a surrogate for likely effects on morbidity and with the 
indirect effect of increases in morbidity based on directly 
estimated survival effects. Therefore, the net morbidity 
effects are calculated in the same way as in Eq. (5) but 
with directly estimated YLLi averted replacing mortality based 
YLLi averted (E minus C in table 2).

DALY 3
As well as direct estimates of the effect on survival burden 
of disease, the effect of changes in health expenditure on 
measures of morbidity burden of disease (YLD) can also 
be estimated directly from the cross-country data (see 
table 1). The estimated elasticity for YLD, ‍ϵYLDi ‍, is applied 
to country-specific ‍YLDall ages

i ‍, which is available at the 
country level from GBD.25

	﻿‍ directly estimated YLD avertedi = 1% ∗
∣∣ϵYLD

i

∣∣ ∗ YLDall ages
i ‍� (8)

DALY 3 uses direct estimates of the effect on survival 
burden in the same way as DALY 2 but combines these 
with direct estimates of the effect on morbidity. The total 
DALYs averted due to a 1% change in health expendi-
ture in each country is the sum of the directly estimated 
survival effects (YLL averted in Eq. (7), D in table 2) and 
the directly estimated morbidity effects (YLD averted in 
Eq. (8), F in table 2).

DALY 4
The combined effect of changes in expenditure on 
survival and morbidity burden of disease (DALYs) can 
be estimated directly from the cross-country data using 
country-level estimates of DALY burden of disease. 

Country-specific estimates of DALY burden (‍DALYall ages
i

‍) are calculated as the sum of ‍YLLall ages
i ‍ and ‍YLDall ages

i ‍ 
for each country i. Therefore, a direct estimate of DALYs 
averted for a 1% change in provincial health expenditure 
is simply the product of the estimated DALY burden for 
that country and the estimated elasticity ‍ϵDALYi ‍ (Eq. 9).

	﻿‍ directly estimated DALY avertedi = 1% ∗
∣∣ϵDALY

i

∣∣ ∗ DALYall ages
i ‍� (9)

Summary
These four alternative ways to estimate health opportu-
nity costs, as measured by the cost per DALY averted, 
make slightly different assumptions. The comparison of 
DALY 1 with DALY 4 gives some indication of whether 
it is reasonable to use estimates of the mortality effect 
of changes in health expenditure as a surrogate for 
likely survival and morbidity effects. This finding is itself 
useful for studies with estimated elasticities for mortality 
outcomes but requiring additional information about 
the effect of expenditure on other health outcomes. In 
particular, studies investigating the relationship between 
mortality and health expenditure using high-quality with-
in-country data (typically undertaken in high-income 
countries), which overcomes some of the difficulties 
and challenges of estimation based on aggregate coun-
try-level data.

Results
Estimated elasticities for LMICs
The extended Bokhari et al model generated country-spe-
cific elasticity results for all of the countries in the model, 
where the elasticities differed due to the specification of 
the relationship of expenditure with health. The average 
and range of elasticities for each of the six measures of 
health outcome are reported in table 1.

Estimated elasticities differ due to the presence of 
interaction terms combining spending and level of infra-
structure (proxied by ‘paved roads per unit of area’) 
and the absolute deviation in donor funding from the 
historical mean. The direction and size of the difference 
in elasticities between countries depends on the signs of 
the estimated coefficients on the interaction terms and 
relative magnitude of each of these.

Cost per DALY averted
The estimates of cost per DALY averted for each country 
are reported in online supplementary file 1 where they 
are also expressed as % of GDP per capita. Few coun-
tries have any estimates that are higher than 1× GDP 
per capita and none are higher than 3× GDP per capita. 
Among those with any estimate higher than 1× GDP 
per capita, all are middle-income countries with slightly 
lower average mortality, survival and ill health burdens 
than LMICs on average.

In almost all cases, DALY 2 provides the lowest cost per 
DALY averted estimate for each country. This reflects the 
fact that the estimated elasticity for survival effects (YLL) 
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Figure 1  Cost per DALY averted by under-5 mortality rate for low-income countries. DALY, disability-adjusted life year.

is typically greater than for morbidity effects (YLD) and 
effects on DALYs. This larger effect on survival is then 
used as a surrogate for morbidity effects when estimating 
DALY 2. Although the differences in the elasticities 
reported in table  1 might indicate that employing this 
‘surrogacy’ assumption risks overestimating morbidity 
effects, this should not be overinterpreted as the esti-
mated elasticities are not based on within-country data 
but country-level data. However, in general, the compar-
ison of DALY 1 and DALY 4, which are found to be rela-
tively similar compared with comparing DALY 2 and 
DALY 3, does suggest that using estimates of the mortality 
effect of changes in health expenditure as a surrogate 
for both likely survival and morbidity effects may not be 
unreasonable although with additional uncertainty.

Figures  1 and 2 illustrate the range of estimates for 
each low-income country and middle-income country by 
under-5 mortality rate, respectively. The average of the 
range of values for each country is not the average for 
the four cost per DALY averted ratios but the ratio of a 
1% change in expenditure to the average DALYs averted 
across these four estimates. A pattern is evident between 
mortality rate and cost per DALY averted. While the low 
under-5 mortality in Haiti would, other things equal tend 
to increase the cost per DALY averted; it is higher in 
The Gambia than in Haiti, which has the same under-5 

mortality rate, primarily because The Gambia has higher 
government expenditure on health. This is also illus-
trated by Panama and El Salvador as well as Congo and 
Namibia.

Figure  3 illustrates the same cost per DALY averted 
estimates but now by per capita government expendi-
ture on health. It suggests that the cost per DALY averted 
increases with per capita health expenditure which is, in 
general, what might be expected, although this is to some 
extent inevitable given the methods used to generate 
these estimates. It also illustrates the similarity in the 
range of estimates for most countries but also why others 
differ. For example, although Russia has nearly double 
the per capita government expenditure on health of 
Malaysia and has a similar under-5 mortality rate (see 
figure 2), it has higher baseline adult mortality as well as 
YLD, YLL and DALY burden than Malaysia and therefore 
a lower cost per DALY averted range than might other-
wise be expected.

However, although Cape Verde and Congo have very 
similar per capita expenditure on health, our range of 
estimates of cost per DALY averted for Cape Verde is 
$1938–$2843 compared with $1235–$1613 in Congo. 
Part of the difference is due to the baseline mortality 
rates in Congo, which are more than double those in 
Cape Verde. Both countries also differ in terms of the 
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Figure 2  Cost per DALY averted by under-5 mortality rate for middle-income countries. DALY, disability-adjusted life year.

age and gender structures of the population, with Congo 
having a higher per cent of the population in the under-5 
age group. These factors all contribute to the differences 
in cost per DALY averted between the two countries and 
are relevant to cost per DALY averted for all countries.

The apparent similarity in the range of cost per DALY 
averted between countries should not be overinterpreted 
as estimates would also be expected to differ if countries 
are able to generate health at different rates, which would 
be reflected in differing elasticities. The ranges of esti-
mated elasticities for each country vary little, reflecting 
the limited economic significance of the estimated coef-
ficients on the interaction terms. This underscores the 
importance of further research using within-country data 
to estimate these values at a country level and to account 
for the heterogeneity between different HCS.

Discussion
Estimates of the health opportunity costs of healthcare 
expenditure are critical for informing assessments of 
whether the improvement in health outcomes offered 
by investing additional resources in a new interven-
tion exceeds the improvement in health that would 
have been possible if the additional resources required 
had, instead, been made available for other healthcare 

activities. Commonly established implied norms, such as 
1–3× GDP per capita, are often inappropriately applied 
in practice to judge cost-effectiveness.5 28 Such values 
generally reflect norms or the social demand for health 
(ie, a view of what value ought to be placed on improve-
ments in health) rather than an evidence-based assess-
ment of health opportunity costs given actual levels of 
expenditure.29 As such, they do not reflect the health that 
the HCS is currently able to deliver with the resources 
available, that is, the ‘supply side’ of the HCS. Adopting 
‘thresholds’ to judge cost-effectiveness that are too high 
and do not reflect the ‘supply side’ will lead to decisions 
that reduce overall health because the health gained 
from adopting an intervention will be more than offset 
by the health opportunity costs elsewhere in the HCS. As 
well as leading to net harms for population health, it may 
also exacerbate health inequalities and unwarranted vari-
ations in access to other healthcare, depending on where 
the health opportunity costs of additional healthcare 
costs tend to fall.

The framework of analysis set out in this report illus-
trates how estimates of the relationship between mortality 
and variations in healthcare expenditure can be employed 
alongside country-specific data on demography, epide-
miological profile and expenditure to inform estimates 
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Figure 3  Cost per DALY averted by per capita government expenditure on health for LMICs. DALY, disability-adjusted life 
year.

of health opportunity costs. While data are readily avail-
able for the latter, reliable estimates of the relationship 
between mortality and variations in healthcare expendi-
ture present a challenge.

This paper employed estimates from the model used 
by Bokhari et al, which applies an instrumental variable 
method to cross-sectional data, and models both public 
expenditure on health and a country’s GDP as endoge-
nous variables. While Bokhari et al find a statistically and 
economically significant effect of public expenditure on 
health-reducing mortality outcomes, there is no clear 
and consistent finding in the literature that evaluates the 
relationship between mortality and variations in health-
care expenditure using cross-country data.18 This is often 
driven by the methodological approach adopted by each 
study, addressing the considerable challenges including 
the important country-level heterogeneity, much of 
which is unobserved and uncontrolled for using existing 
data, even if it is assumed that systematically unbiased 
measurements are available. Estimates of mortality elas-
ticities based on cross-country data may be lower than 
those based on within-country data reflecting the greater 
dangers of aggregation bias using country-level data and 
the difficulty of fully accounting for unobserved hetero-
geneity and endogeneity using the instruments for health 

expenditure that are available across countries. Irrespec-
tive of the level of aggregation analysed, econometric 
modelling—like all modelling—requires assumptions 
to be made. Of particular relevance is the assumption of 
instrument validity when using an instrumental variable 
approach, which cannot be tested directly. In addition, 
econometric models may be to some extent fragile to 
small changes in how data are defined or whether the 
data are log-transformed prior to analysis.19

The framework of analysis employed here can be 
applied to the results of any econometric study that is 
thought to identify plausible effects on health outcomes 
of changes or differences in health expenditure. It can 
equally be applied to the point estimates of elasticities as 
it can to percentiles of the uncertain elasticity estimates 
or to scenarios concerning possible elasticity values. 
Within-country studies, limited currently, however, to 
high-income countries, have estimated the marginal 
productivity of health expenditure in producing health 
(QALYs).13–16 This kind of study requires high-quality 
data on health outcomes and expenditures by subna-
tional areas, potentially over time, in addition to infor-
mation to control for healthcare need and to form the 
basis of instrumental variables. The implied all-cause 
mortality elasticity estimate, −1.0278, found by Claxton 
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et al is considerably higher in magnitude to any of the 
mortality elasticity estimates from the extended Bokhari 
et al model. Another study, Andrews et al used an alter-
native approach to identification to directly estimate an 
all-cause mortality elasticity estimate for the UK National 
Health Service of −0.705. Once again, this is higher than 
the results from Bokhari et al. A comparable estimate for 
Australia reveals a much larger all-cause mortality elas-
ticity of −2.190.30 Other similar studies have been under-
taken in the contexts of Australia and Spain, and while 
the overall results in terms of expenditure per QALY give 
similar results to these UK studies, the elasticities cannot 
be directly compared due to their estimations employing 
a different dependent variable.14 16

The ranges estimated here are consistent with the 
ranges of implied cost per QALY gained for countries 
based on the analysis in Woods et al, which extrapolates 
the UK findings based on estimates of the income elas-
ticity of demand for health and assumptions about the 
relative underfunding of HCS (ie, the shadow price for 
public expenditure on health). An assessment that elastic-
ities using within-country data are likely to be higher than 
those based on country-level data is plausible and tends 
to be supported by growing literature from other coun-
tries, in particular the studies set in the UK and Australia 
contexts discussed above. Nonetheless, further research 
to provide elasticity estimates using within-country and 
within-state or province data where applicable would be 
welcome.

Conclusion
Few LMICs are likely to have access to the type of with-
in-country data that could be used to directly estimate 
their cost per DALY averted. This paper demonstrates 
that it is possible to generate country-specific estimates 
by applying elasticities estimated from cross-country data 
to country-specific baseline data. This offers country-spe-
cific approximations based on an underlying interna-
tional health production function. Nevertheless, the 
resulting range of country-specific estimates are more 
likely to indicate the scale of health opportunity costs 
than previously applied norms that have become widely 
cited. Therefore, they could be used as interim guidance 
while research on within-country research is developed. 
In doing so, it should be noted that where budgets for 
health are devolved to states or provinces and where 
there are differences in demography and epidemiology, 
there are also likely to be differences in health opportu-
nity costs by geography within a country.

The more fundamental contribution of this paper is 
to clarify the often confused concept of a ‘threshold’ 
by demonstrating that judgements about cost-effective-
ness can be informed by an empirical assessment of the 
likely health opportunity costs faced, given existing levels 
of health expenditure. The demonstration of the type 
of empirical analysis that can support this assessment 
also makes this concept a real and practical way to help 

inform better decision making in LMICs and influence 
how supranational bodies make recommendations and 
set priorities, including purchasing and investment deci-
sions. These continuing research efforts start to identify 
the real value of devoting more resources to healthcare 
and can contribute to greater accountability for the 
healthcare and other expenditure decisions made at a 
local, national and supranational levels.
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