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Abstract The main aim of this article was to analyze the
relationship of income inequality and government effective-
ness with differences in efficiency in the use of health inputs to
improve the under-five survival rate (U5SR) in developing
countries. Robust Data Envelopment Analysis (DEA) and re-
gression analysis were conducted using data for 47 developing
countries for the periods 2000–2004, 2005–2009, and 2010–
2012. The estimations show that countries with a more equal
income distribution and better government effectiveness (i.e. a
more competent bureaucracy and good quality public service
delivery) may need fewer health inputs to achieve a specific
level of the U5SR than other countries with higher inequality
and worse government effectiveness.
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1 Introduction

The United Nations’ (UN) Millennium Development Goals
(MDGs) provided development priorities and a set of targets
to be attained by developing countries in 2015. These goals
included commitments to eradicating poverty, improving ed-
ucation and health, and promoting gender equality and sus-
tainable development. This article addresses the specific

health-related MDG of the reduction of the under-five mortal-
ity rate (U5MR) by two-thirds between 1990 and 2015 (Goal
4, MDG 4). Available data suggest that there has been great
progress in improving child survival over the past 25 years:
the global U5MR decreased by 53 % and the number of
under-five deaths fell from 12.7 million in 1990 to 5.9 million
in 2015 [1]. However, despite progress, the global U5MR is
remains far from theMDG 4 target; in particular, Sub-Saharan
African and Southern Asian countries have to prioritize the
reduction of child mortality. Figure 1 shows the evolution of
the under-five survival rate (U5SR) since 2000 to illustrate
this point. The figure demonstrates that although Sub-
Saharan Africa has made great improvements, this region still
remains well below the level of progress achieved in other
regions.

Developing countries can make progress towards re-
ducing the U5MR either by increasing the resources
they allocate to achieving this goal or by enhancing
efficiency in the use of their available resources. Some
authors have suggested that although spending on health
care improves the health status of the population, devel-
oping countries can potentially gain more through the
more effective and efficient allocation of health re-
sources [2–4]. For example, the WHO has estimated
that at least 50 % of medical equipment in developing
countries is either partly usable or totally unusable [5].
Moreover, Bokhari et al. have shown that many expen-
sive hospital services in the poorest countries are inef-
fective in improving health outcomes in the most at-risk
population [6]. Thus, the decision to direct these re-
sources to basic primary care with proven effectiveness
in reducing child mortality or to more expensive hospi-
tal services that may only benefit a small minority of
the population will have an effect on health outcomes
[7, 8]. In addition, sub-national imbalances in the
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distribution of resources in some developing countries
may produce shortages in rural areas while urban cen-
ters are overstaffed, thereby leading to wide spatial in-
equalities in health and poor performance at the national
level [1].

It is a complex task to analyze efficiency at the ag-
gregate level in the production of health outcomes, such
as the reduction of child mortality. Although the rele-
vant inputs in this production process include a broad
set of discretionary medical care resources, other factors
are also of great importance, such as personal factors
(e.g. educational level of the population), socio-
economic factors (e.g. quality of governance of health
institutions), and environmental factors (e.g. prevalence
of epidemic diseases) [9]. Regarding socio-economic
factors, it has been suggested that mortality tends to
decrease faster in countries with a more equal income
distribution [10, 11]. It has also been suggested that
institutional deficiencies or weak institutional capacity
are two of the main reasons for public spending having
a low or negligible impact on development outcomes
such as health status or education attainment1 (e.g. see
[13] and [14]). Based on these suggestions, it could be
argued that low mortality may be easier or harder to
achieve depending on the politics, economics, and his-
tory of any given country [15] . For example,
Bangladesh or the Indian state of Kerala, among others,
are well-known cases that show how the political, eco-
nomic, and social characteristics of territories are rele-
vant to achieving low mortality [16]. Bangladesh has
overtaken India in a broad range of basic social indica-
tors, including child survival, despite having barely half
of India‘s per-capita income [17, 18]. The role of

institutions that build trust and cohesion might explain
this example of Bgood health at low cost^ [19]. A seri-
ous public health problem in many developing countries
is that medical personnel are frequently absent from
work [20]. Low wages could be a reason for this situ-
ation, but it is not always the reason. In Kerala, for
example, absenteeism is rare, and this is clearly related
with people’s expectations and grass-roots political ac-
tivism [21]. These are two examples of political (and
historical factors) that could explain why, in many
ways, Bthe country you are born in largely determines
your life possibilities^ as Rodrik claimed [22].

In this context, the main aim of this article was to
determine which socio-economic factors are associated
with differences in efficiency in converting inputs (phy-
sician density and relative total health expenditure) into
a specific health outcome (the U5SR) in different coun-
tries. This indicator was selected as the target health
outcome measure because it is calculated from the
U5MR, a UN key indicator for monitoring progress to-
wards MDG 4, which is widely recognized as a bell-
wether of population health in developing countries.2 It
should be recognized, however, that there could be

1 It is worth noting the kind of institutions these authors refer to. They
consider key public sector institutions, including public service provision,
the bureaucracy, and the legal and tax system, sharing the view of
Knowles and Owen [12], among others.

2 The U5MR and Infant Mortality Rate (IMR) are the most used outcome
indicators of health achievements in developing countries. However, the
U5MR is preferable to the IMR as a measure of survival mainly because
the indirect techniques employed to estimate it are less sensitive to as-
sumptions about underlying mortality patterns than are the techniques
used to estimate the IMR [23]. In contrast to adult or old-age mortality,
child mortality is the one indicator that is based on a comparably large
amount of empirical data in low-income and middle-income countries,
which makes it unique from a monitoring perspective [1]. In addition, the
U5MR has three substantial advantages over life expectancy at birth [7]:
under-five deaths are more often due to preventable causes, and thus
should be easier to reduce through appropriate policies; the death of a
child represents more years of life foregone than does the death of an
older person; a new cohort of babies is born every year, so the U5MR is
more sensitive than life expectancy to new socioeconomic circumstances
and to changes in social service delivery.
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differences in the levels of efficiency in the provision of
health outputs and health outcomes. In addition, factors
influencing efficiency in the provision of health outputs
could differ from those affecting the provision of health
outcomes [24].3 Thus, two main hypotheses were tested
at the macro level:

& There is a direct relationship between the efficiency levels
reached by countries in the production of a key health-
output, such as child immunization against measles
(IAM), and the level of efficiency achieved in producing
a basic health-outcome, such as the U5SR.

& Countries with a more equal income distribution and bet-
ter government effectiveness tend to be more efficient in
the provision of health outcomes, such as the U5SR.

In order to test these hypotheses, two main assumptions
were taken into account: that the same health-related inputs
are used to produce health outputs and health outcomes; and
that a specific country, which could be considered to be highly
efficient in the production of a key health output, may not
necessarily be efficient in the attainment of health outcomes.
After controlling for differences between countries in the op-
erating environment, robust Data Envelopment Analysis
(DEA) was implemented to benchmark countries in terms of
their relative efficiency in using multiple inputs in the produc-
tion of selected outputs and outcomes. Subsequently, regres-
sion analysis was employed to estimate the cross-sectional
associations of IAM efficiency, income inequality, and gov-
ernment effectiveness on the robust efficiency scores estimat-
ed for the health outcome (U5MR). The database used in the
estimations comprised 47 developing countries with data for
the periods 2000–2004, 2005–2009, and 2010–2012 (see
Tables 4, 5 and 6 in the Appendix).

Thus, this study adds to the literature by offering an
analysis of the association between income inequality
and government effectiveness and the level of efficiency
reached in the production of this key health outcome.
The estimations show that a more equal income distri-
bution and better government effectiveness is associated
with higher efficiency in the use of health inputs in
reducing the U5MR. Thus, the main challenge in many
developing countries is to reduce the U5MR without
raising overall health spending by implementing policies
directed towards the improvement of government effec-
tiveness and the achievement of a more equal income
distribution.

The article is organized as follows. Section 2 reviews the
literature on differences in efficiency between developing
countries in the use of their current resources to achieve health
outputs and outcomes. Section 3 presents the data and the
methodology employed in the empirical analysis. Section 4
provides some concluding remarks and a discussion of the
implications of the research findings.

2 Health spending efficiency: a review
of the literature

Given that the health sector accounts for a sizeable proportion
of national expenditures in most countries, an extensive body
of literature has addressed the empirical measurement of the
efficiency of public expenditure through the estimation of ef-
ficiency frontiers. These studies are of two broad types: micro
and macro analyses. On the one hand, micro analyses attempt
tomeasure efficiency for particular categories of public spend-
ing. These studies have addressed hospitals and health centers,
sub-units such as departments, nursing homes, physician prac-
tices, district health authorities, and even the costs associated
with individual patients [26] in developed and developing
countries [27–30]. On the other hand, macro analyses mainly
attempt to estimate the efficiency of total public spending at
the national level [31–33].

Regarding macro analyses, relatively little empirical re-
search is available on international comparisons of health in-
vestment performance through the estimation of efficiency
frontiers (e.g. see [2, 31, 34, 35]). However, there is a greater
range of empirical literature on the effectiveness of spending
directed towards health outcomes. In contrast to previous
studies that have suggested that investing in health care sectors
has very little impact on improving health outcomes after con-
trolling for the country’s income [3, 36–39], several studies
have found evidence that government health expenditures
have an impact on outcomes [4, 6, 8, 40–44]. Nevertheless,
observed differences in spending on health are insufficient to
explain the marked differences in child mortality between
countries [8, 39]. The highest fraction of deaths, and in par-
ticular child deaths, in developing countries are due to infec-
tious and parasitic diseases [38]. For this reason, vaccine-
preventable diseases are seen as global priorities due to their
high mortality rate. Given that most vaccinations are inexpen-
sive, immunization is widely recognized as one of the most
efficient, successful, and cost-effective health investments and
has become a major part of the strategy towards achieving
MDG 4 [45–48]. It is also important to take into account that
childmortality is not only an indicator of the state of children’s
health, but also an indicator of the efficacy of a government’s
social policies. The availability of basic health-care services
and immunization coverage rates may indicate the extent to
which the government is pro-poor [15].

3 Health outcomes refer to the health consequences brought about by the
treatment of a health condition or as the result of an interaction with the
healthcare system. Thus, health outcomes encompass a wide range of
health-related consequences of healthcare interventions and programs
(i.e. health outputs) [25].
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Moreover, in developing countries, appropriate policies,
inclusive institutions, and effective instruments should lead
to increased efficiency in health expenditure. Empirical
and theoretical considerations suggest that greater in-
equality in income distribution should be associated
with worse health status for a given income level [41,
49]. This is explained by the fact that lower income
inequality implies that more of the population has sig-
nificantly higher private income to spend on food, hous-
ing, health care, and other basic needs [7]. High income
inequality also suggests that economically privileged
groups have a greater capacity to influence the political
system for their own benefit rather than that of the
majority [50]. For example, providing suitable antenatal
care in the community (especially in rural areas) may be
more effective in reducing the U5MR than providing
many of the other high-end inpatient services. In addi-
tion, spending on primary health care and health centers
tends to benefit the poor more than spending on hospi-
tals. However, these investments are of little direct val-
ue to wealthier segments of the population, who use
private health care and more specialized forms of public
health services [51, 52]. In addition, inequality is social-
ly corrosive and leads to more violence, lower levels of
trust, and lower social capital [53]. Thus, inclusive in-
stitutions and policies may not only mitigate health in-
equalities, but also enhance the effectiveness and effi-
ciency of health expenditures in producing basic health
outcomes.

The large disparities between the U5MRs of nations
with similar rates of development have focused research
on identifying the main drivers of U5MR reduction by
analyzing the influence of socio-economic and political
determinants [54]. In addition to household disposable
income level and income distribution, the literature has
addressed factors such as geography, environment, eth-
nicity, maternal education, religion, access to clean wa-
ter and sanitation, the integration of minorities, political
stability, and good governance. It has also been sug-
gested that policy makers should recognize that in-
creases in government health expenditures need to be
complementary to, rather than a substitute for, spending
in other sectors due to the potential synergetic effects
between spending on health and these other sectors,
such as utilities, infrastructures, and education [6, 8].

3 Efficiency measurement and its determinants

3.1 Data

As mentioned, the U5MR was selected as the indicator
to measure countries’ health outcomes. However, given

that DEA has to consider increasing outcomes as the
desired objective (more is better), the U5MR has been
transformed into the under-five survival rate (U5SR).
This variable has been calculated (in percentage) as
[(1- (U5MR/1000)) · 100]. In addition, the chosen output
indicator is the Proportion of 1-year-old children IAM.4

Inputs have to refer to controllable (discretionary) re-
sources employed by countries in the attainment of the
health-related outputs and outcomes. Two health inputs
were considered: a physical (human) indicator Physician
density per 10,000 people (DOC); and a financial indi-
cator Total health expenditure as a percentage of the
country’s GDP (THE). An important assumption of the
DEA model is that decision-making units (DMUs),
countries in our case, operate within homogeneous en-
vironments. However, the performance of countries’
health systems is conditioned by factors which may
have an impact on the efficiency with which conven-
tional inputs (DOC and THE) are used to produce
health outputs and outcomes (IAM and U5MR, respec-
tively). The main global risk factors for deaths in chil-
dren must be taken into account from among these ‘en-
vironmental variables’ that have an impact on the
U5SR. The most critical of these risk factors are: non-
access to drinkable water; non-access to sanitation facil-
ities; predominant rural population; undernourishment;
low educational attainment among women; early preg-
nancy among adolescents; prevalence of premature
babies; and prevalence of HIV in the adult population
[56]. All these indicators have been considered to be
environmental variables with the exception of the prev-
alence of HIV and premature babies, which have not
been included in the information set due to data avail-
ability constraints.

Income inequality (measured by the Gini index) and
the competence of the bureaucracy and quality of public

4 Three reasons justify the use of this indicator as a measure of health
output:

& Immunization is considered to be a good proxy for the use of
basic maternal and infant health services [7], which are strong
predictors of the U5MR. In addition, vaccinations are strongly
associated with further vaccinations: people who get one are
likely to get another [55].

& Measles is one of the most important causes of child death in poor
countries despite the availability of a safe and effective vaccine. In
addition, the between-country distribution of alternative indicators,
such as DPT (diphtheria, tetanus, and pertussis) vaccination cover-
age, is similar to that in countries employing measles vaccination
coverage.

& Given the potential of measles vaccination to reduce child mortality
and that measles vaccination coverage can be considered to be a
marker of access to child health services, routine measles vaccination
coverage was also selected as an indicator for monitoring progress
towards MDG 4.
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service delivery (measured by the Government effective-
ness index) are also considered outlying factors that
may potentially have an impact on efficiency. Given
that the aim of this article was to determine which of
these factors are significantly associated with efficiency,
both indicators have been included as independent var-
iables in a regression model in which the dependent
variable is the robust DEA efficiency scores obtained
for U5SR. On the one hand, the Gini index (GINI) is
a widely employed indicator to measure inequality in
the distribution of income at the country level. Values
of GINI range between 0 in the case of Bperfect
equality^ (each individual or household obtains the
same income) and 1 in the case of Bperfect inequality^
(all income belongs to the individual or household with
the highest income). Income inequality is a structural
socio-economic component of the economies and, to a
large extent, is determined by historical, institutional,
and cultural factors. On the other hand, governance is
a multidimensional concept that, in general, refers to the
exercise of political, economic, and administrative ca-
pacity [57]. The World Bank’s Worldwide Governance
Indicators (WGI) provide aggregate indicators that cap-
ture the different dimensions of governance [58].
Specifically, the WGIs provide measures of the quality
of governance, on a scale of scores from −2.5 to 2.5,
for the six different dimensions considered: control of
corruption; government effectiveness; political stability;
regulatory quality; rule of law; and voice and account-
ability. A range of surveys conducted by institutes, non-
governmental organizations, and international organiza-
tions are employed in the construction of these indexes.
Among these indexes, the Government effectiveness
index (GE) is employed in this article as the indicator
of governance. Among other aspects, it mainly measures
perceptions regarding the quality of bureaucracy and public
service delivery. This index could be considered a good proxy
for the quality of public health service delivery, unlike other
institutional quality measures (such as political stability, reg-
ulatory quality, rule of law, and voice and accountability) that
are expected to have a weaker relationship with health out-
comes. Otherwise, the strong correlation between the control
of corruption index and government effectiveness index sug-
gests that both variables should not be included in the same
regression model.

Table 1 shows the definitions and sources of the var-
iables employed in the empirical analysis. Due to data
availability constraints, and given that most of these
indicators change slowly, the variables finally included
in the analysis were the average values for the periods
2000–2004, 2005–2009, and 2010–2012. Figure 2
shows the variables included and the proposed analyti-
cal framework.

3.2 Methodology

Data Envelopment Analysis was used to calculate the
technical efficiency of DMUs (countries) relative to a
best-practice frontier. The aim of this linear program-
ming (LP) technique is to obtain a convex frontier
which Benvelops^ the entire set of observations [59].
The countries’ levels of efficiency in transforming in-
puts into outputs and outcomes (i.e. the efficiency
scores) are then inferred by estimating how far the data
of a given country are from the frontier. Estimated
DEA efficiency scores can be either input or output
oriented. These two measures provide the same results
under constant returns to scale but give different values
under variable returns to scale [60]. In this analysis,
constant returns to scale were not imposed on an
input-oriented specification in the DEA models in order
to keep to a minimum a priori restrictions about the
shape of the frontier. In this case, the reported efficien-
cy scores can be used to assess by how much discre-
tionary inputs can be reduced without varying the level
of outputs.

However, without adequately controlling for the op-
erating environment, DEA estimates will be potentially
biased given that a health system’s efficiency in coun-
tries characterized by adverse environments will be
underestimated and, conversely, the technical efficiency
of the health system in countries with favorable envi-
ronments will be overestimated [61]. This problem may
be overcome by the inclusion of environmental variables
in the DEA model, which account for the existence of
differences in these risk factors, thereby leveling the
playing field for all countries by removing the influence
of these variables on efficiency [62]. It is also worth
noting that in the standard deterministic DEA approach
bias may arise when the calculated efficiency scores are
used for inference since they lack a probability distribu-
tion needed for any regression model. Bootstrapping
methods have been proposed to obtain unbiased and
consistent DEA efficiency estimates [63].

We used the ‘rDEA’ package in the R statistical soft-
ware to estimate robust input-oriented DEA technical
efficiency measures [64]. This package implements a
double bootstrap estimation technique to obtain bias-
corrected estimates of the unobserved efficiency mea-
sures after adjusting for differences in the environmental
variables, as described in Simar and Wilson’s Algorithm
#2 [65]. This approach was also used to estimate robust
DEA efficiency measures corresponding to the health
output (IAM coverage). In this case, the environmental
variables considered were: ‘Predominantly urban popu-
lation prevalence’, ‘Women’s educational attainment’,
and ‘Early pregnancy among adolescents’ (see Fig. 2).
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The ‘rDEA’ program was also used to generate the
DEA scores for the standard deterministic model for
purposes of comparison.

Thus, after estimating the robust technical efficiency
scores, we determined if GINI and GE were significantly as-
sociated with efficiency. With this aim, a regression model

Table 1 Variables employed in the estimations

AF Adolescent fertility rate (births per 1000 women ages 15–19)
Number of births per 1000 women ages 15–19.

World Health Organization, World Bank

DOC Physicians density, per 10,000 people
Number of medical doctors (physicians), including generalist

and specialist medical practitioners, per 10,000 population.

World Health Organization, World Bank

GE Government effectiveness index
Government effectiveness captures 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 formulation and implementation, and the
credibility of the government’s commitment to such policies.
Normalized values from 0 to 1.

World Bank, Worldwide Governance Indicators

GINI Gini index
Gini index measures (from 0 to 1) the extent to which the

distribution of income or consumption expenditure among
individuals or households within an economy deviates from
a perfectly equal distribution.

World Bank, UNU-WIDERWorld Income
Inequality Database

IAM Proportion of 1 year-old children immunized against measles
The percentage of children under one year of age who have

received at least one dose of measles-containing vaccine in
a given year.

World Health Organization, World Bank

ISF Improved sanitation facilities (% of population with access)
Population using improved sanitation facilities. Improved

sanitation facilities are likely to ensure hygienic separation of
human excreta from human contact. They include flush/pour
flush, ventilated improved pit latrine, pit latrine with slab,
and composting toilet.

World Health Organization, World Bank

IWS Improved water source (% of population with access)
Refers to the percentage of the population using an improved

drinking water source. The improved drinking water source
includes piped water on premises and other improved drinking
water sources.

World Health Organization, World Bank

MYSf Mean years of schooling (females aged 25 years and above)
(years)

Average number of years of education received by people ages
25 and older, converted from educational attainment levels
using official durations of each level.

UNESCO

PUW Prevalence of underweight, weight for age (% of children under 5)
Prevalence of underweight children is the percentage of children

under age 5 whose weight for age is more than two standard
deviations below the median for the international reference
population ages 0–59 months.

World Health Organization, World Bank

THE Total health expenditure, as a % of country GDP
Level of total expenditure on health expressed as a percentage of

gross domestic product (GDP).

World Health Organization, World Bank

UP Urban population (% of total)
Refers to people living in urban areas as defined by national

statistical offices.

United Nations World Urbanization Prospects

U5MR Under-five mortality rate
Probability (expressed as a rate per 1000 live births) of a child born

in a specific year or period dying before reaching the age of five,
if subject to age-specific mortality rates of that period.

World Health Organization, World Bank

U5MR Under-five mortality rate
Defined (in percentage) as [1- (U5MR/1000)] · 100

Authors
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was specified and estimated to gain insight into the relation-
ship between these factors and the estimated bias-corrected
efficiency scores.

3.3 DEA results

Table 2 shows the average values for each region of the var-
iable returns to scale input-orientated bias-corrected DEA
scores estimated for the periods 2000–2004, 2005–2009, and
2010–2012 (see Appendix; Tables 4, 5 and 6 showing the
individual scores estimated for each country). It is important
to note that, on average, the estimated efficiency scores
do not substantially change between periods, with the

exception of Sub-Saharan Africa (SSA) — and to a
lesser extent South Asia (SA) — which underwent sig-
nificant improvements in average efficiency between
2000 and 2012. These results also suggest that there is
room for significant increases in efficiency especially in
developing countries in the Middle East and North
Africa (MENA), Latin America and the Caribbean
(LAC), and Europe and Central Asia (ECA) regions.

For example, Table 2 shows that Moldova had an
efficiency score of 0.232 during the last period ana-
lyzed, making this country the worst performer in the
period 2010–2012. This result implies that Moldova
could reduce the use of health inputs by 76.8 % while

Environmental Factors

HEALTH 
INPUTS

− Physicians
density (DOC)
− Total health 
expenditure (THE)

HEALTH
OUTPUTS

− Immunization 
against measles   

coverage  (IAM)

HEALTH
OUTCOMES

− Under-5 survival 
rate (U5SR)

Environmental Factors

OUTLYING 
SOCIO-ECONOMIC 

FACTORS

− Gini Index (GINI)
− Government    
effectiveness Index (GE)

− Adolescent fertility rate (AF) 
− Urban population (UP)
− Mean years of schooling, female (MYSf)

− Prevalence of underweight (PUW)
− Improved sanitation facilities (ISF)
− Improved water source (IWS)
− Adolescent fertility rate (AF) 
− Urban population (UP)
− Mean years of schooling, female (MYSf)

Fig. 2 Health production model:
from health care inputs to outputs
and outcomes

Table 2 Under-five survival rate (U5SR). Variable returns to scale input-orientated DEA bias-corrected scores with environmental variables by region
and period

Region 2000–2004 2005–2009 2010–2012

Mean Max. Min. Mean Max. Min. Mean Max. Min.

East Asia & Pacific 0.659 0.770 0.504 0.676 0.780 0.502 0.606 0.768 0.430

(countries) (Philippines) (Vietnam) (Indonesia) (Vietnam) (Indonesia) (Vietnam)

Europe & Central Asia 0.482 0.629 0.277 0.531 0.788 0.285 0.457 0.641 0.232

(countries) (Kazakhstan) (Moldova) (Kazakhstan) (Moldova) (Kazakhstan) (Moldova)

Latin America & Caribbean 0.424 0.663 0.289 0.488 0.693 0.344 0.420 0.658 0.270

(countries) (Costa Rica) (Guatemala) (Costa Rica) (Guatemala) (Costa Rica) (Paraguay)

Middle East & North Africa 0.397 0.508 0.296 0.474 0.552 0.353 0.412 0.552 0.315

(countries) (Tunisia) (Jordan) (Egypt) (Jordan) (Egypt) (Jordan)

South Asia 0.649 0.785 0.447 0.765 0.820 0.647 0.805 0.953 0.723

(countries) (Sri Lanka) (India) (Sri Lanka) (India) (Pakistan) (India)

Sub-Saharan Africa 0.484 0.759 0.221 0.618 0.877 0.310 0.692 0.933 0.303

(countries) (Malawi) (South Africa) (Ethiopia) (South Africa) (Niger) (South Africa)

The figures are average efficiency scores for each region in the periods 2000–2004, 2005–2009, and 2010–2012
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maintaining the achieved U5SR. It is important to note
that, during the period 2010–2012, Moldova spent an
average of 11.6 % of the GDP on the health system
and had 3.2 physicians per 10,000 people. These figures
are in sharp contrast to those of Armenia, for example,
which is in the same region and has a similar U5SR
(98.3 %); however, Armenia spends 4.3 % of the GDP
on health services and has a physician density per 10,
000 people (DOC) of 2.8. Other countries from different
regions could be mentioned among the low-performing
countries. For example, Paraguay and Costa Rica have
similar levels of total health expenditure (THE) (9.3 %
and 10 % of the GDP, respectively) and DOC (1.2 and
1.1 per 10,000 people, respectively). However, Paraguay
has a U5SR of 97.7 % whereas Costa Rica has a U5SR
of 99.0 %. In a different region, the case of Jordan is
also striking. The U5SR in this country is similar to
that of Kazakhstan, but Jordan invests twice the amount
of financial resources in the health system. In the period
2010–2012, Jordan expended 8.6 % of the GDP where-
as Kazakhstan spent 4.3 %. Most of the inefficiencies
detected in these countries could be explained by frag-
mentation between private and public programs in the
case of Jordan [66], and organizational problems with
little attention paid to primary health-care services in the
case of Paraguay and Moldova [67, 68]. The case of
South Africa is also noteworthy. In the period 2010–

2012, it spent 8.7 % of the GDP on the health system,
achieving a U5SR of 95 %; thus, it has the lowest
efficiency score in all periods studied in the Sub-
Saharan Africa (SSA) region. The most relevant factors
explaining this low level of achievement are social and
economic inequalities and the persistently skewed allo-
cation of resources between public and private sectors
[69]. Nevertheless, child mortality should undergo fur-
ther reductions in this country due to the increased pre-
vention of mother-to-child HIV transmission.

Figure 3 shows the relationship between average
efficiency scores estimated for the IAM (the interme-
diate health output) and the U5SR (the health out-
come). As expected, there is a clear positive associa-
tion between both scores. This association could be
due to the fact that, in both cases, the inputs consid-
ered are the same. Moreover, this also means that the
IAM efficiency scores may be considered strong pre-
dictors of the U5SR efficiency scores: if a country is
efficient in the delivery of a crucial health-output like
IAM, this could suggest that it also efficient in the
achievement of health outcomes like U5SR. Although
this direct association holds in most cases, there are
several countries in which it does not hold, as in the
case of two neighboring countries, Costa Rica and
Nicaragua, which appear as outliers in the Figure 3.
Costa Rica is a regional high performer in terms of

Fig. 3 Relationship between
IAM and U5SR efficiency scores.
Averages for the three periods
2000–2004, 2005–2009 and
2010–2012
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the U5SR (99.0 %) and Nicaragua has a U5SR of
97.5 %. Nicaragua and Costa Rica have a THE of
7.6 % and 10 % of the GDP, respectively, and a
DOC of 0.8 and 1.1, respectively. As shown in
Fig. 4, both countries have similar levels of income

inequality (0.43 Nicaragua and 0.49 Costa Rica).
However, among other differences, Costa Rica had
an average government effectiveness index (GE) of
0.60, whereas Nicaragua had an average GE 0.32 dur-
ing the period 2000–2012.

Fig. 4 Relationship between
income inequality and U5SR
efficiency scores. Averages for
the three periods 2000–2004,
2005–2009 and 2010–2012

Fig. 5 Relationship between
government effectiveness and
U5SR efficiency scores. Averages
for the three periods 2000–2004,
2005–2009 and 2010–2012
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Figures 4 and 5 show that s tructural socio-
economic factors, such as income inequality and gov-
ernment effectiveness, may explain the differences be-
tween countries in their estimated robust U5SR effi-
ciency scores. The next section provides insight into
which of these outlying factors could be associated
with efficiency.

3.4 Explaining measured inefficiencies

In the next step, we used the estimated robust DEA
efficiency scores to analyze how differences in efficien-
cy across countries could be associated with differences
in income inequality and government effectiveness.
Table 3 shows the results of the regression models es-
timated for each period and for pooled data when the
dependent variable considered was the estimated bias-
corrected U5SR efficiency scores.

The estimations show that countries with a higher
GINI have lower U5SR efficiency scores than countries
with a more equal income distribution. Specifically, if a
country with a GINI of 1 (maximum inequality) attains
a GINI of 0 (maximum equality), the resulting efficien-
cy score would change from 0 (minimum efficiency
level) to approximately 0.6. In addition, GE had a sig-
nificant association with U5SR efficiency scores, al-
though this relationship was not significant in the last
two periods considered (2005–2012 and 2010–2012).

Using pooled data (column 4 in Table 3), estimation
results showed that countries in which government ef-
fectiveness is higher have higher efficiency scores: a
point increase in the GE would increase the health out-
come efficiency score by approximately 0.2, all other
factors being constant. As expected, the estimations also
showed that developing countries with greater efficiency
in the provision of IAM have higher U5SR efficiency
scores. Thus, when considering efficiency issues in the
use of health inputs in the production of basic health
outcomes, such as increasing U5SR, the findings sug-
gest that a key role could be played by income distri-
bution and government effectiveness, which are both
socio-economic factors that are at least as important as
the availabil i ty of efficient child immunization
programs.

Finally, it worth noting that the estimations include
two regional dummies to control for regional idiosyn-
cratic factors that were not included in the model. These
variables indicate that, all other factors being constant,
the average scores for Middle East and North Africa
(MENA) and Europe and Central Asia (ECA) countries
are 0.157 and 0.091 less than the overall average, re-
spectively (see Table 3, column 4). These figures sug-
gest that the lower efficiency levels in these countries
are explained by factors, not controlled in the model,
that differ from those in other countries in different
regions. It also noteworthy that the adjusted R-squared

Table 3 OLS estimates of regression models

Independent variables Dependent variable: U5SR robust efficiency score

2000–2004 2005–2009 2010–2012 Pooled
(1) (2) (3) (4)

Constant 0.249*** (2.83) 0.382*** (1.94) 0.344*** (2.49) 0.301*** (3.75)

=1 if European & Central Asia (ECA) −0.068* (−1.90) −0.090 (−1.46) −0.123*** (−2.48) −0.091*** (−3.35)
= 1 if Middle East & North Africa (MENA) −0.154*** (−4.06) −0.139*** (−2.93) −0.188*** (−2.68) −0.157*** (−5.22)
Government Effectiveness Index (GE) 0.274** (2.33) 0.222 (1.50) 0.175 (1.05) 0.234*** (2.99)

Gini Index (GINI) −0.550*** (−4.76) −0.652*** (−2.70) −0.639*** (−2.64) −0.607*** (−5.39)
IAM efficiency score 0.721*** (9.88) 0.637*** (4.01) 0.753*** (6.98) 0.729*** (11.08)

Adjusted R-squared 0.79 0.66 0.78 0.77

F-statistic (p-value) 34.81*** (0.00) 19.16*** (0.00) 33.26*** (0.00) 93.54*** (0.00)

RESET test 0.13 0.30 2.01 2.19

(p-value) (0.88) (0.74) (0.15) (0.12)

Total observations 47 47 47 141

HAC standard errors and covariance. The t-statistics are in brackets. RESET test is the regression equation specification error F-statistic designed to test
for missing (excluded) regressors. It also has great power to detect nonlinearities in themodel. Thus, rejection of the null hypothesis could be due to either
a non-linearity or an omitted relevant explanatory variable

* Denotes coefficient significant at the 10 % level, ** at the 5 % level, and *** at the 1 % level
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was high in all the estimations and that the Ramsey
RESET test was not significant in any of the cases.
Thus, omitted variable bias was not expected to be an
issue in these regressions.

4 Conclusions

The main finding of this article is that income distribu-
tion and government effectiveness are associated with
efficiency in the provision of health outcomes in devel-
oping countries. The results suggest that countries with
a more equal income distribution, a more competent
bureaucracy, and good quality public service delivery
(i.e., better government effectiveness) may need fewer
health inputs to achieve a specific level of U5SR than
other countries with higher income distribution inequal-
ity and low government effectiveness. In other words,
although medical outputs could be produced efficiently,
they may still only have a limited impact on premature
mortality in developing countries if there are high levels
of income inequalities and low levels of government
effectiveness.

Inequality transcends income and touches on broader
dimensions, such as health; for example, higher income
inequality appears to be associated with higher mortali-
ty, as shown by the clear social gradient in relation to
child mortality [70, 71]. Income inequality is a mark of
inequity and has profoundly negative social and eco-
nomic effects in whatever country it occurs. The analy-
sis of equitable progress in health outcomes suggests
that when progress is not evenly shared, a persistent
within-country inequity reduces the effectiveness and
efficiency of the health care system. Furthermore, in-
come inequalities often translate into political inequal-
ities. As a result, privileged groups have a greater abil-
ity than that of the majority to influence the political
system for their own benefit (i.e. the capture of institu-
tions by powerful groups) [51]. Thus, developing coun-
tries with substantial structural inequalities are probably
unable to provide equal social benefits to all, even if
their governments aspire to do so [72]. Also, inefficient
public spending may be a result of poor governance
[73]. In fact, impoverishment is perpetuated when the
institutions that govern the distribution of public re-
sources are weak, corrupt, or structurally inequitable
[12, 14, 74]. In this regard, the findings obtained are
supported by those of Hu and Mendoza [44], who
found that the general quality of governance, as mea-
sured by the control of corruption and the quality of the
bureaucracy, plays an important role in helping to

reduce infant and child mortality rates. Their main re-
gression results led them to suggest that infant and child
mortality rates could be significantly lowered if there
was less corruption. Pervasive corruption (fuelled by
the Blearning through practice^ and the belief that
Beverybody does it^) may have an impact on inequality.
At the same time, greater inequality fosters corruption.
Thus, this two-way relationship contributes to countries
being caught in a vicious circle of inequality and cor-
ruption, with corrosive effects on society. To reverse
this situation, and achieve virtuous circles in which eq-
uity and integrity can become mutually reinforcing, it is
crucial to control corruption by means of building stron-
ger institutions leading to better government efficiency
and higher quality of the bureaucracy and regulatory
framework [75]. Strong and fair inclusive institutions
that address the specific structural inequalities that con-
strain growth and development have to be implemented
by fostering sustainable and inclusive economic growth
as well as policies with outcomes that are more effec-
tive and transparent [76]. Finally, it is important to re-
call that income distribution and government effective-
ness are structural components of economies and, to a
large extent, determined by historical, institutional, and
cultural factors. For this reason, the inclusion of these
indicators as explanatory variables in the regression
model can be used to indirectly control a wide range
of idiosyncratic factors that could affect efficiency. For
example, in developing countries, good governance
mainly affects health through its indirect impact on in-
come [77].

A wide sample of developing countries and com-
plete time-series should be analyzed to draw more
reliable conclusions. Data availability constrains hin-
dered us from constructing a panel data. Also, fur-
ther research is needed on the areas explored in this
article, and specifically on the barriers that prevent
the less developed countries from making progress
and significantly reducing the gap that separates
them from those with a higher level of efficiency.
In any case, the results suggest that the reduction
of the disparities identified would require making
major changes to institutions, particularly those that
have a greater impact on the degree of inequality in
income distribution, and overcoming the structural
inequalities and political constraints that hinder
health achievements.
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Appendix

Table 4 Variable returns to scale
input-orientated DEA scores.
Period 2000–2004

Regions and countries Deterministic Bias-corrected with environmental variables

Lower bound of c.i. Upper bound of c.i.

East Asia & Pacific

China 0.640 0.571 0.520 0.653

Indonesia 1.000 0.723 0.611 0.837

Philippines 0.887 0.770 0.689 0.866

Thailand 1.000 0.726 0.585 0.863

Vietnam 0.611 0.504 0.443 0.582

Europe & Central Asia

Armenia 0.560 0.496 0.451 0.567

Bulgaria 0.522 0.425 0.372 0.523

Kazakhstan 0.713 0.629 0.573 0.726

Moldova 0.320 0.277 0.250 0.319

Turkey 0.554 0.492 0.451 0.559

Ukraine 0.764 0.574 0.474 0.671

Latin America & Caribbean

Argentina 0.448 0.364 0.318 0.446

Bolivia 0.381 0.327 0.297 0.369

Brazil 0.446 0.388 0.351 0.452

Colombia 0.584 0.488 0.436 0.588

Costa Rica 1.000 0.663 0.541 0.744

Ecuador 0.661 0.592 0.542 0.679

El Salvador 0.411 0.356 0.319 0.400

Guatemala 0.356 0.289 0.252 0.322

Honduras 0.408 0.308 0.258 0.355

Mexico 0.610 0.508 0.453 0.593

Nicaragua 0.511 0.384 0.326 0.438

Panama 0.423 0.354 0.317 0.418

Paraguay 0.436 0.379 0.341 0.428

Peru 0.609 0.541 0.496 0.615

Middle East & North Africa

Egypt 0.458 0.394 0.353 0.449

Jordan 0.343 0.296 0.268 0.348

Morocco 0.492 0.390 0.337 0.441

Tunisia 0.589 0.508 0.451 0.590

South Asia

Bangladesh 0.788 0.668 0.585 0.776

India 0.510 0.447 0.399 0.517

Pakistan 0.783 0.696 0.629 0.789

Sri Lanka 1.000 0.785 0.659 1.003

Sub-Saharan Africa

Botswana 0.461 0.369 0.332 0.415

Ethiopia 0.766 0.608 0.510 0.761

Guinea 0.832 0.711 0.634 0.806

Madagascar 0.562 0.466 0.409 0.542

Malawi 1.000 0.759 0.665 0.896

Mali 0.538 0.447 0.388 0.538
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Table 4 (continued)
Regions and countries Deterministic Bias-corrected with environmental variables

Lower bound of c.i. Upper bound of c.i.

Namibia 0.404 0.310 0.271 0.353

Niger 0.667 0.532 0.453 0.623

Nigeria 0.672 0.581 0.517 0.665

Senegal 0.645 0.505 0.428 0.596

South Africa 0.265 0.221 0.195 0.254

Tanzania 1.000 0.630 0.558 0.684

Uganda 0.415 0.332 0.279 0.415

Zambia 0.348 0.309 0.280 0.350

Table 5 Variable returns to scale
input-orientated DEA scores.
Period 2005–2009

Regions and countries Deterministic Bias-corrected with environmental variables

Lower bound of c.i. Upper bound of c.i.

East Asia & Pacific

China 0.739 0.670 0.618 0.762

Indonesia 1.000 0.780 0.657 0.935

Philippines 0.753 0.680 0.627 0.755

Thailand 1.000 0.751 0.611 0.887

Vietnam 0.552 0.502 0.468 0.564

Europe & Central Asia

Armenia 0.761 0.695 0.646 0.782

Bulgaria 0.517 0.441 0.391 0.533

Kazakhstan 0.853 0.788 0.738 0.876

Moldova 0.322 0.285 0.262 0.333

Turkey 0.566 0.517 0.484 0.570

Ukraine 0.547 0.459 0.400 0.557

Latin America & Caribbean

Argentina 0.524 0.456 0.411 0.545

Bolivia 0.562 0.465 0.410 0.519

Brazil 0.408 0.362 0.334 0.414

Colombia 0.543 0.487 0.448 0.554

Costa Rica 1.000 0.693 0.557 0.815

Ecuador 0.632 0.582 0.544 0.649

El Salvador 0.507 0.461 0.431 0.505

Guatemala 0.402 0.344 0.310 0.377

Honduras 0.667 0.536 0.461 0.645

Mexico 0.593 0.528 0.488 0.620

Nicaragua 0.473 0.375 0.324 0.430

Panama 0.485 0.435 0.404 0.483

Paraguay 0.531 0.477 0.444 0.535

Peru 0.696 0.628 0.585 0.696

Middle East & North Africa

Egypt 0.607 0.552 0.512 0.611

Jordan 0.386 0.353 0.328 0.389

Morocco 0.540 0.456 0.406 0.512

Tunisia 0.601 0.535 0.493 0.599
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Table 5 (continued)
Regions and countries Deterministic Bias-corrected with environmental variables

Lower bound of c.i. Upper bound of c.i.

South Asia

Bangladesh 0.889 0.797 0.728 0.924

India 0.706 0.647 0.601 0.731

Pakistan 0.860 0.797 0.749 0.895

Sri Lanka 1.000 0.820 0.704 1.026

Sub-Saharan Africa

Botswana 0.545 0.462 0.416 0.517

Ethiopia 1.000 0.877 0.785 1.037

Guinea 1.000 0.847 0.765 0.930

Madagascar 0.743 0.665 0.606 0.770

Malawi 0.800 0.656 0.569 0.780

Mali 0.646 0.582 0.535 0.663

Namibia 0.420 0.357 0.326 0.399

Niger 0.737 0.645 0.580 0.788

Nigeria 0.704 0.642 0.597 0.724

Senegal 0.871 0.738 0.663 0.829

South Africa 0.344 0.310 0.284 0.356

Tanzania 1.000 0.745 0.600 0.936

Uganda 0.442 0.394 0.365 0.433

Zambia 0.820 0.729 0.676 0.807

Table 6 Variable returns to scale
input-orientated DEA scores.
Period 2010–2012

Regions and countries Deterministic Bias-corrected with environmental variables

Lower bound of c.i. Upper bound of c.i.

East Asia & Pacific

China 0.619 0.513 0.450 0.617

Indonesia 1.000 0.768 0.631 0.956

Philippines 0.682 0.611 0.562 0.675

Thailand 1.000 0.706 0.578 0.808

Vietnam 0.495 0.430 0.389 0.486

Europe & Central Asia

Armenia 0.745 0.641 0.576 0.739

Bulgaria 0.435 0.354 0.308 0.445

Kazakhstan 0.734 0.641 0.584 0.723

Moldova 0.273 0.232 0.207 0.273

Turkey 0.581 0.498 0.448 0.571

Ukraine 0.432 0.347 0.298 0.445

Latin America & Caribbean

Argentina 0.491 0.410 0.362 0.502

Bolivia 0.543 0.477 0.432 0.540

Brazil 0.344 0.285 0.251 0.335

Colombia 0.470 0.398 0.356 0.457

Costa Rica 1.000 0.658 0.525 0.742

Ecuador 0.490 0.433 0.395 0.481

El Salvador 0.460 0.395 0.357 0.448
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