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Abstract

Gross national income (GNI) per capita is widely regarded as a key determinant of health outcomes.

Major donors heavily rely on GNI per capita to allocate development assistance for health (DAH). This art-

icle questions this paradigm by analysing the determinants of health outcomes using cross-sectional data

from 99 countries in 2012. We use disability-adjusted life years (Group I) per capita as our main indicator

for health outcomes. We consider four primary variables: GNI per capita, institutional capacity, individual

poverty and the epidemiological surroundings. Our empirical strategy has two innovations. First, we con-

struct a health poverty line of 10.89 international-$ per day, which measures the minimum level of income

an individual needs to have access to basic healthcare. Second, we take the contagious nature of commu-

nicable diseases into account, by estimating the extent to which the population health in neighbouring

countries (the epidemiological surroundings) affects health outcomes. We apply a spatial two-stage least-

squares model to mitigate the risks of reverse causality. Our model captures 92% of the variation in health

outcomes. We emphasize four findings. First, GNI per capita is not a significant predictor of health out-

comes once other factors are controlled for. Second, the poverty gap below the 10.89 health poverty line

is a good measure of universal access to healthcare, as it explains 19% of deviation in health outcomes.

Third, the epidemiological surroundings in which countries are embedded capture as much as 47% of de-

viation in health outcomes. Finally, institutional capacity explains 10% of deviation in health outcomes.

Our empirical findings suggest that allocation frameworks for DAH should not only take into account na-

tional income, which remains an important indicator of countries’ financial capacity, but also individual

poverty, governance and epidemiological surroundings to increase impact on health outcomes.

Key Messages

• Gross national income (GNI) per capita is not a significant predictor of the cross-country variation in health outcomes

once other factors are taken into consideration.
• Instead, a country’s epidemiological surroundings, the poverty gap below a newly constructed health poverty line, and

the institutional capacity are significant predictors of health outcomes.
• Our model captures 92% of the variation in health outcomes.
• This finding questions the paradigm of major donors to heavily rely on GNI per capita as an indicator for the allocation

of development assistance for health.
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Introduction

Human potential lost to poor health is immense. In 2012, 39% of

global potential healthy life years were lost to premature death or

compromised by disability (Murray et al. 2015). There are large dif-

ferences across regions, both in the total size of the disease burden

and the type of prevailing diseases. Although in high-income coun-

tries 30% of potential healthy life years were lost, mostly because of

non-communicable diseases (NCDs) and injuries (93%), as much as

74% of potential healthy life years were lost in Africa, two-thirds of

which due to communicable diseases. The aim to end the epidemics

of communicable diseases and to provide universal access to basic

healthcare rose to the top of the global health agenda (Brolan and

Hill 2015) and is now incorporated in the UN Sustainable

Development Goals. To achieve this objective, Development

Assistance for Health (DAH) has more than quintupled since 1990,

to reach $36 billion per year in 2014 (Dieleman et al. 2015).

In order to improve global health outcomes, an important but

controversial question is how DAH should be distributed across

countries and over time. The present level of gross national income

(GNI) per capita plays a key role in the eligibility criteria and alloca-

tion formulas of the nine largest multilateral organizations in terms

of DAH funding size and geographical coverage (World Health

Organization; the World Bank; Gavi; UNAIDS; UNICEF; UNDP;

UNFPA; UNITAID; and the Global Fund; see Saxenian et al. 2015;

Bump and Chi 2016). GNI per capita is generally complemented

with other indicators, depending on the specific objective of the

donor. GNI per capita is seen as a relatively simple and standardized

proxy measure for a country’s level of development and its financial

capacity to provide health services.

Does a higher level of national income improve the health of the

population? Several articles have suggested this (Preston 1975;

Pritchett and Summers 1996; Schell et al. 2007), but the evidence is

ambiguous: The relationships between economic prosperity and

mortality (Cutler et al. 2006; Deaton 2013) and childhood undernu-

trition (Vollmer et al. 2014) have been challenged. More generally,

GNI per capita has been criticized as a measure of human develop-

ment for not taking into account the inequality of incomes within

countries and the access to health (Stiglitz et al. 2010; Farlow 2016).

The nine previously mentioned largest multilateral organizations

have acknowledged the importance of reflecting on the usage of

GNI per capita as the sole measure of countries’ health needs and

capacities by setting up the ‘Equitable Access Initiative’.

Is the level of GNI per capita a significant predictor of health

outcomes across countries? Is the omnipresence of GNI per capita in

the allocation of DAH justified by empirical evidence? This article is

an empirical assessment of these questions.

Health outcomes are the result of a complex process involving

economic, social, institutional and epidemiological constraints

(Ataya et al. 2014). The health value chain in Figure 1 is a simplified

representation of this process, by which inputs are turned into health

outcomes in a country embedded in its international epidemiological

surroundings.

The health value chain distinguishes three primary inputs: national

income, institutional capacity and individual income. First, national in-

come is an important factor for the domestic capacity to invest in health

(Pritchett and Summers 1996; Anand and B€arnighausen 2004). Second,

institutional capacity is pivotal for the construction of an efficient health

system, for the prioritization of healthcare, for the design of policies

affecting epidemiological and social determinants of disease burden,

and for the implementation of legislation favoring individual access to

health (Countdown Working Group on Health Policy and Health

Systems 2008; Atun et al. 2013; Piot et al. 2015). Financial resources at

the individual level are the third input. These affect whether individuals

have sufficient income to purchase basic healthcare (Anand and

B€arnighausen 2004).

The national health value chain is embedded in the country’s epi-

demiological surroundings, which we operationalize as the average

disease burden in a country’s neighbouring countries. Many health

problems are trans-boundary by nature, implying that the (lack of)

actions of individual countries have consequences for their neigh-

bours (Laxminarayan 2016). This particularly holds for poorer geo-

graphical areas, where the spread of diseases can lead to a ‘disease-

driven poverty trap’ (Bonds et al. 2010) for multiple reasons. First,

in poorer countries, a larger share of the disease burden is a conse-

quence of infectious diseases that can spread more easily across bor-

ders. Second, outbreaks of new infections and spread of existing

ones are accelerated by conditions that are present in large geo-

graphical parts of the developing world: rapid human population

growth with land-use modifications, contact with wildlife (Jones

et al. 2008), and population movement (Coker et al. 2004). Poor en-

vironmental conditions, water, sanitation, and malnutrition are

main causes of diseases, including less contagious communicable,

maternal, perinatal and nutritional conditions such as diarrheal epi-

sodes. Such environmental conditions can have trans-boundary con-

sequences and can have common determinants, such as droughts or

floods. More generally, infectious diseases make people more vul-

nerable to non-infectious communicable diseases and vice versa;

overall poor health is contagious (Boutayeb 2006). Finally, infec-

tious disease control is further limited by collective action problems

for countries surrounded by fragile health systems and poor govern-

ance (Coker et al. 2004; Laxminarayan 2016).

The primary inputs determine the intermediate outputs of the

health value chain. With institutional capacity, national income can

be mobilized to generate necessary stocks of human and physical

capital for healthcare infrastructure (Farlow 2016). Institutional

capacity is also a major factor in affecting individual access to

healthcare by determining factors such as out-of-pocket payments

(Kumara and Samaratunge 2016) and the geographical distribution

of health services (Ottersen et al. 2014). The available resource

stock and the institutional capacity influence epidemiological and

social determinants of health needs (Balabanova et al. 2013). These

intermediate outputs affect the quality of the healthcare system,

health needs in a society and individual demand for healthcare, ul-

timately determining the health outcomes of a country.

Our objective is to empirically assess whether the primary inputs

and the epidemiological surroundings can explain the variation in health

outcomes across countries. We first derive a health poverty line to meas-

ure individual income. After this we discuss our measures of the other

inputs, the epidemiological surroundings and health outcomes. We then

describe our identification strategy, present the results and discuss policy

implications for the allocation of DAH.

The 10.89 health poverty line

What is the minimum income a person needs to access basic health-

care? To answer this question, and set a health poverty line, we

Health Policy and Planning, 2018, Vol. 33, Suppl. 1 i15

Deleted Text: While
Deleted Text:  (SDGs)
Deleted Text:  <xref ref-type=
Deleted Text: papers 
Deleted Text: -
Deleted Text: &hx201C;
Deleted Text: &hx201D;
Deleted Text: paper 
Deleted Text: ,
Deleted Text: Piot <italic>et<?A3B2 show $146#?>al.</italic> 2015; 
Deleted Text: &hx201C;
Deleted Text: &hx201D;
Deleted Text: ; Coker <italic>et<?A3B2 show $146#?>al.</italic> 2004
Deleted Text: ,
Deleted Text: ,


make use of the estimated costs of a basket of services and goods

that are necessary to provide basic health services calculated by the

Taskforce on Innovative International Financing for Health Systems

(2009). These services include among others the cost of treating

AIDS, TB and malaria, immunizations, treatment of acute respira-

tory infections, diarrheal diseases, maternal and perinatal conditions

and malnutrition (for the entire list see Appendix 1 of the publica-

tion by the Taskforce). The Taskforce calculates the costs for this

basket of health goods and services as an average across 49 low-

income countries for the year 2005. The cost of the minimum health

bundle in 2012 is 77.45 US$ or 198.73 international-$per person

per year (see Appendix 1).

We make the assumption that individuals have the financial cap-

acity to spend 5% of their income on health goods and services.

This decision follows previous normative suggestions how much

governments should spend on health as a percentage of their GDP

(McIntyre and Meheus 2014). The World Health Report 2010

(WHO 2010) notes that ‘[. . .] those countries whose entire popula-

tions have access to a set of services usually have relatively high lev-

els of [mandatory] pooled funds—in the order of 5–6% of gross

domestic product’. There is evidence that households spend about

5% of their total expenditures on healthcare in low- and middle in-

come countries (Makinen et al. 2000; Van Doorslaer et al. 2006).

Based on the costs of basic healthcare and the hypothesis that in-

dividuals have the financial capacity to spend 5% of their income on

health, we derive a health poverty line of 3975 international-$per

year or 10.89 international-$ per day (see Appendix 1). We express

the poverty line in international-$to account for price differences

across countries. We refer to this as the 10.89 health poverty line.

Individuals whose income is below the 10.89 health poverty line are

expected to face difficulties in obtaining access to basic healthcare

services if universal healthcare is not provided. Therefore, the pov-

erty gap, or the average shortfall of the total population from the

10.89 health poverty line, is a good indicator of the total lack of in-

dividual financial resources to finance healthcare within a country.

Data sources

A list of all data sources can be found in Appendix 2, together with

a table of descriptive statistics and correlation matrices.

National income
Following the recommendation of Anand and B€arnighausen (2004),

national income is measured by GNI per capita expressed in 2011

international-$sourced from the World Bank.

Individual income
Data on the poverty gap come from the PovcalNet dataset published

by the World Bank. These estimates are based on survey data from

national statistical offices. The data do not account for in-kind pub-

lic provision of healthcare and combine income and consumption in-

formation. We control for this in our sensitivity tests.

Institutional capacity
Institutional capacity is measured by the Government Effectiveness

Index published by the World Bank as part of the Worldwide

Governance Indicators. This index maps perceptions of the quality

of public services, the quality of the civil service and the degree of its

independence from political pressures, the quality of policy formula-

tion and implementation, and the credibility of the government’s

commitment to such policies. It is available for 215 countries on an

annual basis since 1996.

For robustness checks we make use of the Control of Corruption

Index, which is also published by the World Bank’s Worldwide

Governance Indicators, and of the corruption perception index

(CPI) sourced from Transparency International. For these three indi-

cators, higher values indicate better governance.

Health outcomes
We measure health outcomes by the disability-adjusted life years

(DALYs) per 100 000 people. The DALYs are a standardized metric

allowing for direct comparison and summing of burdens of different

diseases. Data are available for all countries for 2000 and 2012.

Conceptually, one DALY is the equivalent of 1 year in good health

lost because of premature mortality or disability (Murray et al.

2015). Assessing health outcomes by both mortality and morbidity

provides a more encompassing view on health outcomes than only

looking at mortality or life expectancy alone.

Three categories of health conditions are distinguished: (1)

Group I DALYs lost due to communicable, maternal, perinatal and

Health outcomes 
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Figure 1. The health value chain within the epidemiological surroundings
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nutritional conditions; (2) DALYs lost due to NCDs; and (3)

DALYs lost due to injuries. Our main analysis focuses on Group I

DALYs. This part of the burden of disease is by far the most import-

ant in our context. The DAH on Group I DALYs far exceeds the

spending on other DALYs: whilst 49�8% of the total burden is asso-

ciated with NCD DALYs, only 1�5% of all DAH is directed towards

this latter category of diseases (Dieleman et al. 2015). Moreover, as

Group I DALYs can be effectively controlled with a well-

functioning health system, they provide the most useful measure to

discriminate countries in terms of their health system effectiveness.

Figure 2 confirms this by showing that log GNI per capita has a

strong negative correlation with log Group I DALYs with an elasti-

city of �0�88, whereas log GNI per capita is not strongly related to

log DALYs lost due to NCDs with an elasticity of �0�13. Another

conclusion we can draw from Figure 2 is that the relationship be-

tween GNI per capita and DALYs lost due to the disease burden of

Group I is best captured by a log-log function.

We assess the robustness of our regressions using under-5 mor-

tality and maternal mortality as alternative dependent variables.

One should however be cautious when using maternal mortality as

cross-country data is sparse, and missing values are interpolated by

the WHO, UNICEF, UNFPA, World Bank and UN (2015) using

GDP per capita among other variables.

Epidemiological surroundings
We measure the epidemiological surroundings of countries by a

weighted average of the health outcomes (Group I DALYs lost) in

neighbouring countries. Weights are given by the inverse of the

Haversine distance between the centroids of countries. Similar re-

sults are obtained with an alternative spatial weighting matrix iden-

tifying countries sharing a common border (Appendix 3).

The Bayesian meta-regression technique employed to construct the

estimates of the burden of disease presents a limitation of our analysis

since the model uses, amongst many other sources of information, em-

pirical data from surrounding countries. The WHO uses this method in

descriptive epidemiology since in many parts of the world health data

are sparse and the available data is of variable quality. To investigate

this limitation we perform a robustness check in which we use child

mortality data instead of data on the disease burden by the WHO. The

estimates of child mortality rely on country-specific information only

(You et al. 2015), and therefore should not induce a positive correlation

between health outcomes across neighbouring countries. This robust-

ness check confirms our main result.

Methods

We use regression analysis to study the determinants of health out-

comes. Since we are interested in explaining current health out-

comes, we conduct a cross-sectional regression with data from

2012, which is the latest year for which data are available for all

indicators.

We are interested in the primary drivers of health outcomes, as

presented in the health value chain (Figure 1). In our main model,

we therefore only include the three inputs and the epidemiological

surroundings. Intermediate outputs in our value chain are excluded

from the regression since these variables are output in our causal

chain and are therefore ‘bad controls’ (Angrist and Pischke 2011).

However, we test for the sensitivity of our results by including a

number of often-mentioned intermediate variables. Our main equa-

tion is the following, with countries indexed by i:

lnðGroup I DALYsiÞ ¼ b0 þ b1 lnðGNI per capitaiÞ
þ b2 poverty gapi þ b3 institutional capacityi

þ b4 epidemiological surroundingsi þ ei

We estimate this model for a set of poverty gap measures relative

to a wide range of poverty lines, from the international poverty line
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of 1.90 international-$ per day, to our 10.89 health poverty line, up

to 15 international-$ per day.

In order to avoid bias due to simultaneity between DALYs and

DALYs in surrounding countries, we estimate a spatial lag regres-

sion model by generalized spatial two-stage least-squares (GS-2SLS)

(Drukker et al. 2013). The weighting matrix is based on a country’s

geographical coordinates.

Our benchmark model is specified in levels for two reasons.

First, donors rely on current levels of GNI per capita to allocate

DAH across countries. Second, Hausman (2001) underlines that

‘estimation of the fixed effects typically increases the variance of

the noise relative to the variance of the signal’. Pischke (2007)

explains that, in the presence of measurement errors, fixed effects

and first difference estimations are ‘particularly worrisome when

the measurement error is just serially uncorrelated noise, while

the signal is highly correlated over time’. Our variables of interest

are likely subject to measurement error (Kerner et al. 2015;

Ferreira et al. 2016). The autocorrelation coefficients of our vari-

ables of interest are extremely high, ranging from 0.82 for the

poverty gap based on the 1.90 international-$poverty line to 0.97

for GNI per capita (see Appendix 3 for correlation coefficients

for years 2012 and 2000). Therefore, we prefer a cross-sectional

regression to fixed-effects or first-difference estimation.

Nevertheless, we will present results of fixed effects regressions as

robustness check.

Even though we prefer a cross-sectional design to a panel design,

it is important to acknowledge the limitations of this choice. With

the cross-sectional design, regressions will be based a single point in

time (2012) across 99 countries for which we have data. To lessen

this concern, we will also show the results when using data from

2000. Another complication is the potential of reverse causality, as

well as omitted variables bias and measurement error associated

with national and individual income. To mitigate these risks, we fol-

low Easterly (2007) and use the abundance of land suitable for

growing wheat relative to that suitable for growing sugarcane as an

instrument for the poverty gaps. Land endowments of sugarcane are

suitable for commodities with economies of scale and slave labor,

and are therefore historically associated with high inequality. Wheat

is the premier land endowment example presenting opportunities

for family firms and therefore stimulated the surge of a middle

class. The F-test of a simple OLS regression of the poverty gap

below the health poverty line on the instrument is equal to 16.91.

We instrument domestic GNI per capita by a measure of average

GNI per capita in neighbouring countries. Collier (2007) argues

that countries with poor neighbours are in a development trap as

the reduced sales market for their goods makes it harder to tap into

world economic growth. The F-test of a simple OLS regression of

GNI per capita on the GNI per capita of neighbouring countries is

as high as 102.74, suggesting that the instrument is likely to be

strong. Indicators of land endowment and GNI per capita in neigh-

bouring countries are unlikely to be correlated with the residuals of

the regression, implying that the exogeneity condition is likely to

be satisfied.

The correlation between variables of interest is relatively high

(correlation matrices are shown in Appendix 3), implying that re-

gressions may be subject to multicollinearity. Multicollinearity does

not bias the coefficients but increases their variance (Wooldridge

2015). We will therefore analyse the variance of coefficients associ-

ated with non-significant variables, to ensure that null results are

not driven by multicollinearity. All variables are standardized to

allow for comparison of relative effects across variables and regres-

sion models.1

Results

Results of benchmark regressions are presented in Table 1. Column

(1) presents the results of an OLS regression with only GNI per cap-

ita. Column (2) shows the result of an OLS regression for the 10.89

health poverty line. In Columns (3) to (10), we use GS-2SLS regres-

sions and compare how results change when the poverty gap meas-

ure is based on different poverty lines. Column (11) displays the

percentage contribution of each variable to deviation2 in health out-

comes, based on Column (2) (Sterck 2016). This provides an indica-

tion of the size of the impact of each variable on health outcomes.

We draw five conclusions from Table 1.

First, GNI per capita (in log) is significantly correlated with

Group I DALYs (in log) when other factors are omitted (Column

(1)), or when the poverty gap measure is based on a very low pov-

erty line (Column (3)). However, the coefficient associated with

GNI per capita (in log) decreases and becomes insignificant when

the poverty line approaches the 10.89 health poverty line. This null

result is not driven by multicollinearity. The standard deviation of

the coefficient associated with GNI per capita only marginally in-

creases when other variables are included in the model. In the OLS

regression presented in Column (2), the Variance Inflation Factor of

the poverty gap measure and GNI per capita (log) are well below

the rule of thumb of 10 signaling serious multicollinearity (7.52 and

6.16, respectively) (O’Brien 2007).

Second, the poverty gap measures are highly significant across

all poverty lines. The largest coefficient is reported for the 7.5 inter-

national-$poverty line, but this coefficient does not statistically dif-

fer from the coefficient of the 10.89 health poverty line. For the

10.89 health poverty line, the poverty gap captures 19% of devi-

ation in health outcomes (log). A one-standard-deviation increase in

the poverty gap (25% points) increases the predicted DALYs lost

due to Group I diseases per life year by 29%.

Third, the coefficients of the Government Effectiveness Index are

statistically different from zero across all specifications, showing

that institutional capacity is an important factor of access to health.

This variable captures 10% of deviation in health outcomes (log).

Fourth, we find that coefficients measuring the strength of spa-

tial correlation are positive and highly significant across all specifi-

cations. The epidemiological surroundings in which countries are

embedded account for 47% of the standard deviation in health out-

comes (log) in our preferred model with the 10.89 health poverty

line. This demonstrates that the epidemiological surroundings are

the most important factor explaining health outcomes.

Finally, we emphasize that the fit of the regressions is very high.

There is no easily interpretable measure of goodness of fit for our

preferred GS-2SLS estimation. However, Column (2) shows that the

R2 of the OLS estimation is as high as 0.92. As we show in

Appendix 3, the Wald Chi-squared statistics of the maximum likeli-

hood estimation is also extremely high (X2 ¼ 93.9, P-value ¼ 3.13

10e-20). The primary inputs identified in the health value chain ex-

plain almost all variation in health outcomes.

We assess the robustness of results in Table 2. Column (1) shows

the results of our benchmark regression, in which the dependent

variable is the log of Group I DALYs. In Column (2), we demon-

strate the robustness of our results when the abundance of land suit-

able for growing wheat relative to that suitable for growing

sugarcane is used as an instrument for the poverty gaps, and when

GNI per capita is instrumented by a measure of GNI per capita in

neighbouring countries.

In Columns (3) and (4), we assess how the relationship between

Group I DALYs and primary inputs evolved over time using data for
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2000 and 2012 while keeping the sample constant. Both the health

poverty gap and the epidemiological surroundings are strong pre-

dictors of health outcomes in 2000 and 2012. National income on

the contrary is not predicting health outcomes in either 2000 or

2012. The coefficient associated with institutional capacity is not

significant with 2000 data. Overall, we conclude that the relation-

ship is relatively stable over time.

In Column (5), we look at within-country variation by applying

a fixed effect model with 2000 and 2012 data. As emphasized in

‘Methods’ section, this approach is expected to suffer from attenu-

ation bias due to measurement errors and high autocorrelation in

variables of interest. The reduced number of countries with data

available for both years is expected to further increase standard

errors. Only the epidemiological surroundings appear to be an im-

portant driver of the burden of disease with this specification. The

coefficient associated with GNI per capita is negative, but not sig-

nificant at conventional levels (P-value ¼ 0.173). The coefficients of

the poverty gap and government effectiveness indicators are close to

zero and not significant.

In Column (6) we apply the same specification to DALYs from

NCDs. Results are in accordance with Figure 2: the predictors of

NCDs are very different from those of communicable, maternal,

perinatal and nutritional conditions. National income, the poverty

gap, and the epidemiological surroundings do not significantly

predict the burden of NCDs. The fact that the epidemiological sur-

roundings are only significant for Group I DALYs lost and not for

NCDs points to the contagious nature of the diseases of Group I

DALYs lost and its trans-boundary determinants and consequences.

Only the measure of institutional capacity is a significant predictor.

GNI per capita and the poverty gap are also not significantly corre-

lated with the DALYs lost due to injuries (results not shown here).

These findings suggest that understanding the predictors of NCDs

and injuries requires further analysis, which is beyond the purview

of this paper. In Column (7), we show that results are robust when

we use Group I DALYs lost as measured by the Institute for Health

Metrics and Evaluation (IHME) (Murray et al. 2015). This is not

surprising given the high correlation between the indicators con-

structed by WHO and by the IHME (Appendix 3).

In Columns (8) and (9), we show that our results are robust if we

consider two alternative indicators of health outcomes widely used

in the literature: under-five mortality and maternal mortality. The

significant predictors are the same as in the model specification with

Group I DALYs.

In Table 3, we further assess the robustness of our results by

changing the specification of the estimated model. The results are

not significantly affected when alternative measures of institutional

capacity are considered (Columns 1–3). The results are also robust

to the inclusion of a dummy indicating whether poverty data from

Table 3. Robustness checks with alternative independent variables

(1) (2) (3) (4) (5) (6) (7) (8)

Dependent variable: Group I DALYs lost per 100,000 (log)

GNI per capita

(log)

�0.0274

(0.0690)

�0.0732

(0.0666)

�0.0825

(0.0677)

�0.0273

(0.0689)

�0.0173

(0.0704)

�0.00670

(0.0776)

0.0253

(0.0674)

�0.00237

(0.0701)

Poverty gap

(10.89 international-$)

0.256***

(0.0775)

0.250***

(0.0785)

0.249***

(0.0805)

0.254***

(0.0777)

0.266***

(0.0790)

0.345***

(0.0882)

0.233***

(0.0730)

0.254***

(0.0789)

Government effectiveness

(WB)

�0.138***

(0.0395)

�0.140***

(0.0397)

�0.152***

(0.0440)

�0.127***

(0.0449)

�0.117***

(0.0381)

�0.150***

(0.0396)

Control of Corruption

(WB)

�0.101***

(0.0330)

CPI 2012 Score �0.0856**

(0.0334)

Povcal type dummy 0.0264

(0.0701)

Out-of-pocket payments �0.0225

(0.0326)

Mean Year of Schooling 0.00143

(0.0565)

Fertility rate

(log)

0.214***

(0.0649)

Asia dummy �0.172

(0.134)

Europe dummy �0.178

(0.214)

North America dummy �0.180

(0.152)

South America dummy �0.200

(0.174)

Epidemiological 0.662*** 0.670*** 0.673*** 0.670*** 0.656*** 0.609*** 0.538*** 0.606***

surroundings (0.0537) (0.0542) (0.0554) (0.0532) (0.0544) (0.0574) (0.0622) (0.0900)

Constant �0.0102

(0.0277)

�0.0103

(0.0280)

�0.0102

(0.0286)

�0.0178

(0.0341)

�0.0101

(0.0276)

�0.0108

(0.0290)

�0.00829

(0.0263)

0.108

(0.108)

Observations 99 99 98 99 99 86 99 99

Standard errors in parentheses.

*P < 0.10, **P < 0.05, ***P < 0.01. All variables are standardized.
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Povcal is based on income or consumption data (Column 4).

Similarly, results are unchanged if we control for other predictors of

health outcomes mentioned in the literature, such as the share of

out-of-pocket expenditures in total expenditures for health (Column

5; e.g. Kumara and Samaratunge 2016), for education (Column 6;

Pritchett and Summers 1996; Gakidou et al. 2010), or for fertility

(Column 7; Makepeace and Pal 2008). Even though the coefficient

associated with fertility rate is positive and significant, we do not in-

clude this variable in the main regression because of the high risk of

reverse causality associated with this variable (e.g. Preston 1978).

Other coefficients are not significantly affected by the inclusion or

removal of this variable. Results are also similar if we control for re-

gional dummies (Column 8).

In Appendix 3, we further show that our results remain valid when

using maximum likelihood estimators, or when we apply an alterna-

tive spatial weighting matrix using neighbouring borders instead of

geographical coordinates. In Appendix 4, we show that results are not

significantly affected when we control for geographical variables (ab-

solute latitude, terrain ruggedness, soil quality, tropical climate, dis-

tance to coast and average temperature), for variables capturing

population characteristics (population size in log, population density,

urban share, migrant share and ethnolinguistic fragmentation and po-

larization), for the intensity of conflict (number of deaths in log) and

the intensity of natural disasters (number of deaths in log and number

of people affected in log), as well as for all these variables in surround-

ing countries. Results remain qualitatively similar when we control for

GNI per capita (log) in surrounding countries, for the poverty gap in

surrounding countries, and for government effectiveness in surround-

ing countries; these latter estimates should however be interpreted

with caution because of high multicollinearity. The coefficients of the

poverty gap and of government effectiveness remain highly significant

when the epidemiological surroundings are removed from the list of

controls, while GNI per capita (log) remains insignificant.

Conclusion

In this article, we provide evidence suggesting that the level of GNI per

capita is not a significant predictor of health outcomes as measured by

DALYs lost due to Group I diseases in 2012 for 99 low- and middle-

income countries once other factors are properly accounted for. Our

analysis contributes to the literature on health outcomes and universal

health coverage by demonstrating the importance of the epidemiolo-

gical surroundings, individual poverty, and the institutional capacity

for explaining the cross-country variation in Group I DALYs.

We make two technical contributions. First, we calculate that

10.89 international-$ per day is the level of income that an individ-

ual needs to finance basic healthcare when free and universal health-

care coverage is lacking. This level of income can be used as a health

poverty line. The poverty gap at the country level below this poverty

line explains 19% of the deviation in Group I DALYs. Our second

technical contribution is the incorporation of the epidemiological

surroundings of countries, which are shown to be the most import-

ant factor of health outcomes. We correct for reverse causality using

a spatial two-stage least-squares estimation technique.

Our paper contributes to recent initiatives that reflect on alloca-

tion formulas for DAH to better track health needs and capacities of

countries. On the one hand, GNI per capita is a good measure of

countries’ financial capacities, and as such, this indicator should

play an important role in allocation formulas. Inclusive growth also

reduces poverty, and lower levels of poverty reduce the burden of

disease. On the other hand, however, our empirical evidence sug-

gests that GNI per capita does not seem to be a direct determinant of

health outcomes. To be sure, GNI per capita is a reasonably good

proxy for explaining health outcomes: it is highly correlated to health

outcomes and explains 67% of the cross-country variation in health

outcomes if other factors are ignored. Still, this leaves a substantial

part of the disease burden unexplained. Moreover, GNI per capita is

no longer significant when other factors are taken into consideration.

The importance of individual poverty in explaining health outcomes

shows that the level of national income fails to reflect the degree of

universal healthcare coverage and the inclusiveness of total income in

a country (Stiglitz et al. 2010; Watkins 2014). The level of national in-

come also does not provide information on the potentially contagious

diseases and their trans-boundary determinants and consequences.

Furthermore, national income does not take stock of government ef-

fectiveness or institutional capacity. More generally, in the short run,

countries might not have time to materialize their domestic resources

and generate a well-functioning universal healthcare system.

For normative and efficiency reasons, donors may want to unpack

the underlying factors of countries’ health outcomes, as shown in

Figure 3, and take these into account when allocating DAH. Donors

may want to particularly compensate countries that are highly vulner-

able to the epidemiological surroundings, for three reasons. First, it

might be argued that countries are not directly responsible for a large

share of their disease burden, as part of it is the result of contagious

communicable diseases in neighbouring countries. Second, given the

large externalities, donors could focus their spending on supranational

regions with large shares of contagious communicable diseases for ef-

ficiency reasons. Third, vulnerability to the epidemiological surround-

ings may create a ‘health trap’ and a ‘poverty trap’, where countries

are stuck in a situation of poor health and poverty due to their geo-

graphical location (Bonds et al. 2010).

Donors may weigh poverty and the institutional capacity in their

allocation of DAH in multiple ways depending on their priorities.

DAH in the short run may be increased in countries with high levels

of poverty, to reach poorer citizens suffering from a lack of health

access. On the other hand, giving more aid to countries with high

levels of poverty comes with disincentives. Instead, donors may

want to reduce DAH to foster redistributive and inclusive change, or

impose conditionalities on aid. Comparable arguments can be made

for institutional capacity.

Given the complexity of health and allocation of DAH, this

study has several limitations. First, our conclusions are restricted to

Group I DALYs. NCDs, which tend to become a larger share of a

country’s burden of disease when it develops, are different in nature,

as we showed in our regressions (Atun et al. 2013; Sacco et al.

2013). Individual poverty and the epidemiological surroundings do

not explain variation in this latter group of diseases.

Second, limited data availability implies that our benchmark re-

gressions are based on cross-sectional data for 99 countries.

Although our main results hold for a large set of sensitivity tests,

one should remain cautious when interpreting our results and utiliz-

ing them for policy-making. Future research should improve our es-

timates when better data becomes available.

Third, we deliberately restricted our empirical analyses to the pri-

mary inputs and the epidemiological surroundings. Factors such as

the healthcare infrastructure, social determinants, or human capital

are intermediate outputs in our causal chain and are therefore ‘bad

controls’ (Angrist and Pischke 2011). Identifying country-specific

deficiencies in intermediate outcomes becomes important when

deciding how health budgets should be spent at the national level.

Finally, further study should be devoted to improving current al-

location systems. Given that constructing such an allocation formula

requires complex normative position-taking, we refrain from doing
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so directly, but we hope that our study provides tools and insights

for getting there.

Supplementary Data

Supplementary data are available at HEAPOL online.
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Notes

1. To standardize variables, we subtract their mean and divide

the result by their standard deviation.

2. The percentage contribution of each variable refers to con-

tribution to the standard deviation (and not to the vari-

ance) of the dependent variable, implying the sum of

contributions does not add up to the R2.
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Figure 3. Decomposition of the contributions of our independent variables on Group I DALYs per country
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