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Abstract

A simultaneous three-equation model is specified between GDP per capita (GDPc)
level, infant mortality rate and health expenditures for 194 countries from 1990 to 2014.
GMM-2SLS estimation results indicate that simultaneous decreasing infant mortality
rate and increasing GDPc level e ects are found in sample with three income level
country groups. Health expenditures have larger than one elasticity when e ects from
GDPc level and number of doctors per capita are summed together. Increase in income
inequality measured with GINI coe cient increases infant mortality rate in hon-poor
countries. We test for Kuznets' hypothesis maintaining a positive GDPc level income ine-
quality relationship in poor countries contrary to rich ones. Kuznets' hypothesis is not
rejected for poor countries with proposed N-shaped GDPc function on GINI that also
identifies the negative income inequality e ects on GDPc growth. In poorest countries,
the possible Kuznets' hypothesis and involved low-income high-inequality trap can

be eliminated by raising health expenditures— GDPratio and with cost-e ective health
technology. Breaking the possible negative relationship between income inequal-

ity and health status in these countries makes health promotion policy and positive
income-health path to develop smoothly.

Keywords: Income-health relationship, Health expenditures, Income inequality,
Kuznets' hypothesis

1 Background

Today, the health of most people in the world depends on their ability to locally adopt
health knowledge and health technologies that have been discovered and developed else-
where. Life expectancy and infant mortality are major health status determinants that
impact economic growth. OECD countries with higher life expectancies and low infant
mortality rates have more economic development and higher standards of living than
all other countries. However, unfortunately, only in recent times economists have real-
ized that health is an important part of human capital formation sustaining economic
growth and improvements in health status can be justified on purely economic grounds.
Good health raises levels of human capital and this has a positive e ect on individual
productivity and human capital returns. Better health increases workforce productivity
by reducing incapacity and the number of days lost to sick leave besides increasing the
opportunities of obtaining better paid work. Although good health may be considered a
form of human capital that has a beneficial e ect on productivity, income also influences
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health in a positive way. e capacity to generate higher earnings facilitates an increase
in the consumption of health-related goods such as adequate food, medicine and health
care, which provide longer longevity. However, the income e ects on health are not
equally distributed. Wealthier people can provide higher investments in health capital
although the marginal benefits are largest among the poorest.  us, the simultaneous
health—income relationship needs to be analyzed in a framework where income inequal-
ity also a ects the health outcomes.

In response to this, we specify a simultaneous three-equation model between level
GDP per capita (GDPc), health status (HS) and health expenditures per capita (HEc) for
a data set of 194 countries in years 1990—2014. GDPc and HS determinations are also
a ected by income inequality, i.e., we propose that income inequality e ects on GDPc
(level and growth) and HS are depending on the income level of country. To obtain a
compact approach on health and inequality e ects on GDPc, the analysis is cast in the
framework of Kuznets' hypothesis maintaining a positive income inequality relation-
ship for poor countries contrary to the rich ones. We argue that so-called low-income
high-inequality trap can be escaped in the presence of Kuznets’ hypothesis by raising the
health expenditures—GDP ratio and with cost-e ective health technology. e argument
is that the poorest countries can quite quickly do this, if improvements in their health
status and inequalities create a push e ect in the growth direction.  is can happen eas-
ily when negative relationship between income inequality and health status is not pre-
sent. However, often inequalities, low levels of health expenditures, high unemployment,
low levels of education and labor productivity and detrimental health-related behavior
in non-rich countries—all slow down or even hinder this important and urgently needed
catch-up. Estimation results show that Kuznets' hypothesis is still relevant for countries
with low GDPc levels, i.e., low-income high-inequality trap is still present in the poorest
countries blocking the catch-up. However, the modern version of hypothesis maintain-
ing that income inequality has negative e ect on the growth of GDPc is not rejected for
countries with di erent levels of GDPc. Generally we show that a positive bidirectional
health—income relationship is not rejected and that more equal income distribution
decreases infant mortality rate.

e structure of paper is as follows. Sections 2 and 3 focus on the studies on health
and inequality e ects on economic growth. Section 4 analyzes the Kuznets' hypothe-
sis and gives the model to be estimated. In Sect. 5 the estimation results are given and
discussed. Section 6 ends the paper with conclusion. Subsequently, appendices give the
study variables with data resources, review of the relevant econometric methods and
detailed estimation results.

2 Health and economic growth

In the second part of the twentieth century, child mortality rates and life expectancy
improved throughout poor countries. Gwatkin (1980) and Deaton (2013) labeled this as
the third of three great waves of mortality decline. Here the first, starting at the end of
the nineteenth century, began in North and Western Europe and was then transmitted
to North America. e second wave, beginning in the nineteen twenties, was in South
and Eastern Europe. e rate of gain in life expectancy was even more rapid then than
in the first wave. By the middle of the twentieth century, life expectancies in the South
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and Eastern Europe were close to those in the north and west. e third great wave was
in the poor economies beginning after the Second World War and was aided by interna-
tional public health e orts, particularly the Bretton Woods and UN institutions.

Gains in income were important for improving nutrition and funding along with bet-
ter water and sanitation schemes. However, some countries made progress in reducing
infant mortality even in the absence of such economic growth (Reinhart 1999). is
health improvement came from the globalization of health and health care knowledge.
More recently, the global infant mortality decline has depended on transmission of both
conventional and advanced health care technology. Although they may be expensive,
medical techniques di use more rapidly than changes in behavior, which respond slowly
and unevenly to changes in knowledge about health risks (Aguayo-Rico et al. 2005).
However, if one accepts the argument that health is largely determined by the transfer of
technology and knowledge, the current state of mortality from any epidemic in any part
of the world is evidence of the failure of globalization to transfer e ective drug based
technology and treatment from the rich countries to the poorer ones (Shastry and Weil
2002).

Partly as response to these new aspects of human capital a new family of theories of
economic growth emerged in the 1980s that were better equipped to explain long-term
growth (Romer 1986; Lucas 1988). Central to these models was the idea that technology
was endogenous to the growth process. In the neoclassical growth models, the notion
of growth as increased stocks of capital goods was codified in the Solow—Swan growth
model. In contrast to these Lucas (1988) and Romer (1986) considered technology as
endogenous and incorporated a new concept of human capital which had increas-
ing rates of return. e focus shifted on increased human capital, learning and level of
R&D activity. However, one saw still large variations in health between rich and poor
countries contributed to di erences in income and vice versa. Better health of workers
meant higher productivity and less disparities of income which in their turn meant more
spending causing improved health and longevity. So, there was a multiplier e ect with
better health. Similarly, the e ects of exogenous health improvements like a vaccine that
made workers healthier lead to a multiplier e ect as healthier workers produced more
output (Weil 2005, 2009). is “health view” assumed that income di erences between
the countries were mainly caused by di erent health environments. e “income view”,
on the other hand, assumed that most di erences between the countries had their roots
in aspects of production that were unrelated to health, e.g., in physical capital accumula-
tion or technology. Weil (2005, 2009) further showed that there was a link between pov-
erty reduction and long-term economic growth that was impacted by health. From the
early 1990s, the role of human capital (including health) was almost universally regarded
as being indispensable for economic growth. Sustained growth depended on levels of
human capital whose stocks increased because of better health and education, e ec-
tive learning and training procedures. Without a labor force with some minimal levels
of education and health, a country was incapable of maintaining a state of continuous
growth (Rivera and Currais 2003).

e analysis and comparison of mortality patterns in several economies led Morand
(2004) to suggest the theory of epidemiological transition.  ere were three basic
patterns of transition in this theory, namely the classical or western model, the
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accelerated model, and the delayed one.  ese three patterns corresponded to three
scenarios of i) endogenous transition during the neoclassical growth regime, ii)
endogenous transition during the modern growth regime, and iii) transition triggered
by exogenous factors. In an endogenous growth model output was produced by com-
bining physical and human capital inputs, where agents could invest in health and
education resulting in improvement of their human assets (Galor 2011; Van Zon and
Muysken 2001). is, in turn, a ected their lifetime utility positively. So, economic
growth had a direct e ect on health status and longevity which in turn impacted eco-
nomic growth.

Empirical growth model estimates have generally showed the importance of health
status on growth. A study by Lorentzen et al. (2008) regressed GDPc on the average
child and adult mortality rates over the period 1960—2000. e study found a strong
e ect of mortality rates on income growth. Aghion et al. (2010) analyzed the relation-
ship between health and growth across OECD countries using cross-country panel
regressions. ey found a significant and positive impact of health on growth and
vice versa between 1940 and 1980. is study showed that between 1940 and 2000
average GDPc and average life expectancy among high-income countries achieved
larger gains in GDPc but smaller increases in life expectancy than they did in low
and middle-income countries. By combining both so-called Lucas and Nelson—Phelps
approaches, they could show that achieving higher life expectancy had a positive sig-
nificant e ect on GDPc growth. It improved health standards and increased current
productivity growth (“Lucas e ect”), while higher health standards improved future
productivity growth (“Nelson—Phelps e ect”).

Bloom et al. (2004) showed that improvements in health increased output not
only through labor productivity, but also through capital accumulation.  ere was
a positive impact of health and health expenditures on income growth.  ere were
four ways by which health impacted economic growth. It enhanced labor produc-
tivity, created a greater labor supply, acted as a catalyst for education and training
that fostered higher skills, and called for more savings leading to more investment
in physical and intellectual capital. Bloom and Canning (2008) further showed that
health also a ected prospective life spans and life cycle behaviors. To the extent that
income was a consequence of health, investments in health were to become a prior-
ity. is argument for health as an investment good was particularly relevant since
there were cheap and easily implementable health policies that could improve health
dramatically.

According to Sachs (2001), rising health status drives economic growth. e lag
between declines in mortality and fertility resulted in a baby boom generation that
started a period of economic growth as they entered the workforce. Sachs (2001)
called this “demographic dividend”. Health, (income) inequality and economic devel-
opments were endemically interrelated. Policies with regard to health spending influ-
enced welfare of contemporary and next period’s generations which then influenced
economic growth. e long-term demographic and economic data with regard to
developed OECD countries showed that increase in general human capital during
transition periods influenced the rhythm of economic growth permanently. As per
capita income went up, the longevity of population increased. As longevity went up,
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savings and investment for education and retirement increased. is was supported
by higher rates of private and public investments for health. is leads to capital accu-
mulation, which in turn leads to the economies’ aggregate e ciency and levels of eco-
nomic activities to go up (see also Casasnovas et al. 2005; Cervellati and Sunde 2009;
Aisa and Pueyo 2006).

De la Croix and Licandro (1999) focused on an overlapping generation model with
uncertain lifetime and endogenous growth. e model gave the positive e ect of life
expectancy on growth for economies with a relatively low life expectancy. However, this
was negative in more advanced economies. e positive e ect of a longer life on growth
could be 0 set by an increase in the average age of the workers. Life expectancy a ected
growth directly, namely when the probability of dying young was high, the discount rate
was also high making it optimal for people to start working early in their life and not
to stay at school too long (Fogel 1994). When households had to decide the moment
at which they would leave school to work, life expectancy became a central factor that
a ected the optimal length of education and hence the growth rate of the economy. So,
the positive e ect of a longer life on growth could be o set by an increase of the average
age of the working population.

Bhargava et al. (2001) investigated the e ects of health indicators such as adult sur-
vival rates (ASR) on GDP growth rates at 5-year intervals in several countries. e mod-
els for growth rates were estimated considering the interaction between ASR and lagged
GDPc level. Endogeneity and reverse causality were considered. Average life expectancy
in many developing countries was only 40 years in 1950 but increased to 63 years by
1990. Many factors like improved nutrition, better sanitation, innovations in medical
technologies, and public health infrastructure increased life span. Further, life expec-
tancy was strongly influenced by child mortality and low-cost interventions. Bhargava
et al. showed that for the poorest countries, a 1% change in ASR was associated with an
approximate 0.05% increase in economic growth rate. While the magnitude of this coef-
ficient was small, a similar increase of 1% in investment/GDP ratio was associated with a
0.014% increase in growth rate. One could see ASR in poor countries reflected the levels
of nutrition, smoking prevalence rates, infectious diseases, health infrastructure and fac-
tors like accidents leading to premature deaths. By contrast, di erences in ASR in mid-
dle- and high-income countries were influenced by genetic factors and by access to and
costs of preventive and curative health care. Because investments in skill acquisition in
poor countries depended on the ASR, the years for which skilled labor remained produc-
tive were important for explaining economic productivity.

e empirical literature on the e ect of health on economic development (Bloom et al.
2004; Webber 2002; Acemoglu 2011) focused on the labor productivity e ects of health
on economic growth where improvements in health lead to an increase in per capita
income directly, as each individual was able to produce more per unit of labor input.
On the other hand, the significance of the demographic variables in growth regressions
was asserted by many other authors (Bloom et al. 2004; Sala-i-Martin et al. 2004). e
fertility equation was found, e.g., by Schultz (1997). He considered the determinants of
fertility to be education, income, employment, religion, nutrition, family planning and
child mortality. Bloom et al. (2004) provided a summary of results of various studies that
used life expectancy as a proxy for health in the analysis of the direct e ect of health
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on education and economic growth (e.g., Barro and Lee 1984; Bhargava et al. 2001;
Barro and Sala-i-Martin 2004; Sachs and Warner 1997; Blackburn and Cipriani 2002;
Chakraborty 2004; Ehrlich and Lui 1991).

e role of health in economic development was analyzed via two channels in the
paper by Finlay (2007), namely the direct labor productivity e ect and the indirect
incentive e ect. e labor productivity hypothesis asserted that individuals who were
healthier had higher returns to labor input. e incentive e ect said that individuals who
were healthier and had a greater life expectancy had the incentive to invest in education
as the time horizon over which returns could be earned was extended. Education was
the driver of economic growth, and thus, health played an indirect role in the model.
Finlay's results showed that the indirect e ect of health was positive and significant.

Generally, the above results are, however, a ected by income distribution—both
directly and indirectly via its health e ects. e relevant literature (see the reviews by
Galor 2009; Aghion et al. 1999) shows that the inequality e ects on economic growth
could be substantial but diverse (Voitchovsky 2009). As di erent forms of inequality
have a major impact on health status—on both infant mortality and life expectancy—the
GDPc level and growth relationship between health status and must pay attention also to
(income) in equalities.

3 Inequality and economic growth

Rising inequality is a concern of today. In advanced economies, the gap between the rich
and poor is at its highest level in decades (Stiglitz 2013). Pervasive inequalities exist also
with reference to access to education, health care and finance. Countries with higher
levels of income inequality tend to have lower levels of mobility between generations,
with parent’s earnings being a more important determinant of children’s earnings (Corak
2013). Redistribution has played an important role in cushioning market income ine-
quality in mostly advanced economies. Many studies suggest that growing wealth ine-
quality in advanced economies is largely driven by rising wealth concentration at the
top (Piketty 2014; Saez 2014). An increase in income inequality can have both growth-
promoting and growth-dampening e ects. In their calculations, using data from 73
countries, Cornia and Court (2001) came to the conclusion that GINI coe cient value
between 0.25 and 0.40 had a growth-promoting e ect. At GINI coe cient value of 0.45
and above, an increase in income inequality had a growth-dampening e ect.

A high level of income inequality impairs economy’s human capital insofar as low-
income people do not have su cient access to capital formation, health care and educa-
tion. Typically, high level of income concentration leads to a situation where economic
power is used to exert political influence to reduce taxes (Bernstein 2013). Decline in
state revenues can cause reduction in investments in public health infrastructure and
education. e resulting undersupply of public services dampens economic growth
through a lack of public infrastructure and low productivity because of low expendi-
tures (Galor 2011). On the demand side, a high degree of income inequality weakens the
demand for goods and services. When increasing share of income goes to high-income
households, the consequent savings and capital outflow causes less demand (Bernstein
2013). In less developed economies, savings can be available for investment, but sustain-
ing consumer demand is missing. In highly developed economies, the level of capital
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stock is already high. If there is then a decline in consumer demand, there is no incentive
for additional investment.  us, growth in the economy’s overall capital stock weakens
along with long-term growth potential. In the medium term, this trend leads to stagna-
tion or even economic contraction. So, in sum, whether an increasing level of income
inequality dampens future economic growth—weakening both the supply side (human
and real capital) and the demand side—largely depends also on the economy’s GDPc
level (Petersen and Schoof 2015).

Income and wealth distributions are systematically, albeit in nonlinear fashion,
a ected by the level of economic development. A lucid review of the “Kuznets school” is
given by Piketty (1997), Deininger and Squire (1998), and Kanbur (2012). At a low level
of GDPc, income and wealth distributions are wide but they change to become less wide
when the economy reaches higher GDPc level (Kuznets 1955). e modern condensed
version of this hypothesis says that if the income or wealth distribution is unequal, the
rate of economic growth is low. However, this version abstracts from the fact that the
relationship suggested by Kuznets is path dependent. Kuznets himself used pre-World
War 2 time-series data for USA, UK and Germany and argued that the level of GDPc
determined when the inequality—growth relationship was positive and when it was
negative. Typically, at a low level of GDPc, one observed positive relationship between
inequality and growth, while negative relationship prevailed at higher levels of GDPc.

e latter results were expected when there were no obstacles for equal opportunity to
human capital investment and productivity gains.

Generally, if capital had decreasing returns and capital markets were imperfect, the
distribution of wealth mattered for GDPc level and growth. In such a situation, only
redistribution and public intervention to capital markets supported higher economic
growth because income and wealth redistribution created many new investment pro-
jects with higher marginal returns and e ort supply (Aghion et al. 1999). Benabou (1996)
and Lee and Roemer (1998) concluded that generally private (human capital) investment
and inequality did not show monotone negative relationship. Benhabib (2003) showed
that the hump-shaped relationship comparable to Kuznets’ hypothesis could be found
for inequality—growth relationship. Typically, with more unequal distribution and high
capital taxes growth was hampered.

ere exists also the perspective of sociopolitical theories (Gupta 1990; Alesina and
Perotti 1996; Benhabib and Rustichini 1996). One version maintains that a greater
degree of inequality in wealth and income could raise the likelihood of poor people
participating in highly destructive activities such as crime, rioting and revolution. e
resulting instability and distrust in the entire economic system could then lead to a
decline in investment incentives, which could hamper long-run economic growth. e
studies by Perotti (1994, 1996), Alesina and Rodrik (1994), Persson and Tabellini (1994)
and De Mello and Tiongson 2006 based on the median voter and mean income model,
i.e., economic growth would be improved by a middle class that is su ciently wealthy to
vote for a low level of redistribution, found evidence of a negative relationship between
inequality and economic growth. Moreover, the link between redistribution (e.g., the
amount of taxes) and growth is found to be weakly negative or even positive. Forbes
(2000) showed that a positive relationship between inequality and growth could be pos-
sible in the short- or medium-term when one was using high quality data for income
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inequality provided by Deininger and Squire (1996). She argued that it was more likely
to be negative in the long-run while being significantly positive in the short-run (see also
Li and Zou 1998; Halter et al. 2014).

Barro (2000) examined the relationship through three-stage least squares using the
same inequality data as in Forbes (2000) with an extensive set of control variables to
reflect the sociopolitical status of each country. Unlike Forbes (2000), however, his esti-
mation results showed that the e ect of inequality was insignificant once the equation
included various explanatory variables representing the correlation between the degree
of economic development and the inequality level. Barro showed that the e ects of
inequality on growth di ered, depending upon stages of economic development across
countries. e paper by Barro (2008) updated and extended his earlier work. Interna-
tional data confirmed the presence of the Kuznets’ curve that was relatively stable from
the 1960s to the 2000s. A cross-country growth equation showed a negative e ect of
income inequality on economic growth, holding fixed a familiar set of other explanatory
variables. ise ectdiminished as GDPc level rose and was even positive for the richest
countries (see also Castello-Climent 2010). Neves et al. (2016) showed that the direction
of growth e ects also followed a certain time pattern: in the 1990s, most of the pub-
lished studies found negative e ects while at the beginning of this century, this tendency
was reversed and empirical studies increasingly documented positive results. Cingano
(2014) investigated the relationship between economic growth and inequality for data
covering most of the OECD countries over the past 30 years. Di erent inequality meas-
ures in the growth equation were negative and statistically significant. He also evaluated
the human capital accumulation theory and delivered evidence for human capital being
a channel through which inequality could a ect economic growth. For additional results
on inequality e ects on growth see, e.g., Herzer and Vollmer (2012), Kurita and Kurosaki
(2011), Ostry et al. (2014), De Gregorio and Lee (2004), Lee and Son (2016), Baur et al.
(2015) and Petersen and Schoof (2015).

Available evidence on the links between inequality and social mobility is also largely
based on cross-country correlations showing a negative relationship between inequality
and inter-generational earnings mobility in a subset of OECD countries (D’Addio 2007;
Corak 2013). Recent work by Chetty et al. (2014) based on millions of administrative
data on income mobility in the USA finds that (upward) mobility is robustly negatively
correlated with income inequality (and positively with school quality).

A common drawback of most empirical studies analyzing the growth—inequality rela-
tionship lies in a possible misspecification of the model. ey do not account for the
hypothesis that the e ect of inequality on economic growth could be nonlinear depend-
ing on the stage of development (i.e., the level of GDPc) and the initial level of inequality.

e analysis by Kolev and Niehues (2016) delivers evidence in favor of this hypothesis.
Economic growth is negatively correlated with net income inequality for countries with
low initial level of GDPc. However, the e ect becomes weaker with increased GDPc level
and even positive for the case of developed countries. In addition to Kuznets' hypoth-
eses, the human capital accumulation theory can motivate nonlinear inequality e ects
on economic growth.

Banerjee and Duflo (2003) stress the fact that the relationship between change in
income inequality and GDPc growth is highly nonlinear and find empirical support
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for their conjuncture by using partial linear models. This has naturally implications
for Kuznets type analysis although Banerjee and Duflo (2003) anchor their analy-
sis mostly to a political economy model. Their results on partially linear models
imply that there exists nonlinearity, and for mostly data points negative relationship,
between growth and changes in GINI coefficients for 45 non-poor countries in years
1965—-1995 with non-overlapping five-year period panels. They use controls taken
from Barro (2000) and Perotti (1996). They sum up that changes in the inequality
variable are associated with lower growth in the short run, independent of the direc-
tion of these changes. Accordingly, they argue that this nonlinearity can explain why
the results of empirical research have been so different under the constraint of lin-
ear specification. Chen (2003) even finds a statistically significant quadratic term in
the regression analysis pointing toward an inverted U-shaped relationship between
inequality and economic growth.

The study by Voitchovsky (2005) has the central hypothesis that top-end inequal-
ity encourages growth while bottom-end inequality retards growth. This is explored
using a standard growth model and a set of explanatory variables to control for ine-
quality at the top and the bottom ends of the income distribution simultaneously.
A panel GMM estimation is undertaken on a sample of industrialized countries,
using data from the Luxembourg Income Study (2003) which indicates that inequal-
ity at different parts of the distribution does have different implications for growth,
i.e., the profile of inequality is also an important determinant of economic growth.
Top-end inequality appears to have a positive effect on growth, while inequality fur-
ther downs the income distribution appears to be inversely related to subsequent
growth. These findings highlight possible limitations of an exploration of the impact
of income distribution on growth using a single inequality statistic.

Dominica et al. (2008) and Neves et al. (2016) conduct a meta-analytic reassess-
ment of the effects of inequality on growth. The former points out that the mag-
nitude of the estimated effect of inequality on growth in the literature depends
crucially on the estimation method, data quality and sample coverage. Studies using
panel fixed effects estimators seem to report stronger effect of inequality on eco-
nomic growth than cross-sectional results. Overall, the results of the meta-analysis
by Dominica et al. (2008) show that the inequality effect on growth tends to be nega-
tive and more pronounced in less developed countries. Neves et al. (2016) extend
the meta-analytic reassessment to more recent studies and show that the empirical
literature on the inequality—growth nexus is biased toward statistically significant
results. As the authors stress, this makes the empirical effect of inequality on eco-
nomic growth seem larger in absolute terms than what it is actually.

From policy perspective, the current level of results is too mixed. There is no one-
size-fits-all approach to tackling inequality effects on GDPc. One neglected issue is
that growth rate of GDPc and income inequality affects each other simultaneously
(Baumol 2007; Lundborg and Squire 2003; Huang et al. 2009). It is not only the level
of GDPc that conditions the income inequality but the growth rate also matters. In
the following these questions are cast back in the framework of Kuznets’ hypothesis
to have a systematic approach to build simultaneous model between GDPc, health
level and health expenditure where inequality plays an important role.
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4 Models, data and methods

4.1 Kuznets approach

In following we propose a simultaneous three-equation model for GDP per capita level
(or GDPc growth), health status (HS) measured with infant mortality rate (/M) and
health expenditures per capita (HEc) for data set of 194 countries in years 1990—2014.
Income level and inequality (INEQ) determine IM that subsequently a ects the level of
HEc with income level. GDPc is also determined by typical labor or population, edu-
cational and technological input variables. In order to analyze GDPc growth effects we
propose a similar simultaneous model GDP per capita growth rate (AInGDPc). Models
are given in details in Sect. 4.3.

Nonlinear Kuznets’ GDPc e ects with income inequality depending on the level of
GDPc must be specified into the model.  is happens by estimating the model for three
di erent GDPc level country groups. e nonlinear income level e ects on inequality
allow us to analyze the Kuznets' hypothesis in details that is often neglected in the lit-
erature. Because our system model includes also linked equations for health status and
health expenditures we argue that low-income high-inequality trap implied by Kuznets’
hypothesis can be escaped under suitable conditions by rising the health expenditures—
GDP ratio and with cost-e ective health technology. is happens even if the negative
inequality—health status relationship is still valid in the poorer countries. In practice
we test for Kuznets’ hypothesis maintaining a positive income inequality relationship
for poor countries contrary to rich countries in the model where we estimate also the
empirical linkages between GDPc, HS and HEc variables.

4.2 Health-poverty trap and Kuznets hypothesis in income-health model
Main argument behind our empirical model is the following stylized figure (see also Shin
2012). It shows that

(1) if a country is in the low-GDPc high-inequality trap (R1), it can escape from it by
increasing inequality (INEQ) that sustains higher GDPc, and

(2) after some high level of inequality GDPc increases only if inequality starts to
decrease, but

(3) if the country increases its relative investment in health (i.e., HE/GDP -ratio
increases: A — A*), and the new level of health expenditures (HE) is utilized effi-
ciently to raise country’s health status (HS), then the country will escape from the
low-GDPc high-inequality trap (R2) (see Fig. 1).

Note that negative and monotone health status and inequality relationship (HS—
INEQ) with large given inequality is the main part of our argument. It can be sup-
ported with many arguments, but empirically it is still valid for the majority of poor
and low-income countries (see, e.g., Linden and Ray 2017; Deaton 2003, 2013).  us,
we exclude from the analysis the case of poor country with equal income distribu-
tion. Note also that Kuznets' hypothesis is not necessary for our policy alternative
(increases in HE/GDP and HS/HE ratios) to work out successfully. Hypothesis makes
it only harder way to happen as the way out of trap is not a direct one. e results
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HS
e b N T,
INEQ
B* = B
GDPc
Fig. 1 Determination of health status (HS) with Kuznets' curve and health expenditures (HE) with given
income inequality levels (INEQ)

with Kuznets’ hypothesis speak for big jump—health policy alternative with large
exogenous productive investments in health services and technology with some short-
run GDPc reductions to find the low inequality but later on a higher GDPc position. If
GDPc-INEQ curve is monotonic and negative (less INEQ and more GDPc), the small-
step policy will work out smoothly without rising inequality. If we have monotonic
positive GDPc-INEQ curve (more INEQ and more GDPc) it leads in progress to cycli-
cal GDPc long-run solution (see “Appendix 1) that the active health promoting does
not make less volatile.

Note that the above model with related policy options and arguments was based on
the modern reading of Kuznets’ hypothesis, i.e., possible causation goes from inequality
to level and to growth of GDP per capita. e original hypothesis was more the opposite
one noticing that first the level of GDPc determines the income and wealth inequalities
that must increase to give the way to the growth, and later on the growth is hampered if
the inequalities are too large. In more formal way this means that inequality is N-shaped
function of GDPc like

INEQ = a + bGDPc + dGDPc?

with 5>0 and d<0. To express this as inverse function of INEQ isa di cult task and we
don’t pursuit in that direction here. Instead, we analyze what can be obtained from the
function

GDPc(t) = a + BINEQ(t) + SINEQ(t)>.
We have added time to variables to get the growth presentation of equation, i.e.,

dGDPc _ dINEQ dINEQ _ dINEQ
@ P TRNEQ— =y

[B + 268 - INEQ].

e negative inequality—growth relation favored by modern literature is determined
by conditions: 8 > 0 and § < 0 for given (positive) value of dINEQ/dt and large values
of INEQ. However, note the complex nonlinear relationship between the time change of
GDPc, time change in INEQ, and the level of INEQ. us, with time-series observations



Ray and Linden Economic Structures (2018) 7:22 Page 12 of 28

the linear growth regressions on the level of INEQ are biased if the true relationship is
nonlinear (Banerjee and Duflo 2003)

e first derivate of GDPc with respect to INEQ (or
result) gives result:

dGDPc/dt
dINEQ/d¢

presentation of the above

dGDPc
dINEQ

= B + 25 - INEQ,

i.e., when 8 > 0and § < 0 change in GDPc (with respect to positive change in INEQ) is
positive when INEQ is not above IE** (Fig. 2, right panel). When we compare this out-
come to “classical” Kuznets' proposition, we observe similarities between the models as
long as IE<IE*with low values of GDPc (see Fig. 2, left panel).

Both models imply that inequality must rise to sustain the GDPc level first (the clas-
sical Kuznets hypothesis), but for Kuznets' curve a radical change happens at some
level of GDPc (and INEQ) that turns GDPc—INEQ relationship negative. In our model
this is also found at high values of INEQ but level of GDPc decreases after it, i.e., any
low INEQ—high GDPc solutions are not found in our model. e di erence between
the models comes more evident when we look at models in derivate terms dGDPc/
dINEQ. In Kuznets' model the derivate is infinite at the turning point value IE" (some-
times called also as a catastrophe point) implying that derivate is - 400 and - —o0
very close to it. Empirically this is not a reasonable outcome. However, in our model
there exists a well-determined region not identified by original Kuznets’ curve below IE”
level where inequality rises but positive (time) change of GDPc decreases to zero giving
negative relation between positive growth rate of GDPc and INEQ. However, the GDPc
level and INEQ relationship is still positive up to point IE** In practice this means that
some implications of Kuznets’ hypothesis and curve can be estimated with our N-shaped
function

GDPc(t) = a + BINEQ(t) + SINEQ(t)™.

Case of 8 > 0and & < 0is here relevant—before the maximum point of our N-shaped
function is obtained—for the modern GDPc growth literature. Note that some features
of the upper arm of Kuznets’ curve is obtained also with 8 > 0 and § < 0 values when

GDPc GDPc

L INEQ INEQ
. e~
Fig. 2 Kuznets curve and N-shaped GDPc function of inequality
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INEQ is large, i.e., negative relationship between INEQ and GDPc level. To sum up we
argue that our GDPc—INEQ model gives an e cient way to test Kuznets—hypothesis for
countries at di erent GDPc levels. Next this is done with simultaneous model in the con-
text of health status and expenditure relationships with GDPc.

4.3 Health-income simultaneous equations model

As inequality is only one of the factors of economic growth, we can see empirically quite
di erent inequality—growth correlations with, e.g., income GINI coe cients and GDPc
growth rates when the other growth factors are neglected.  us, without paying atten-
tion to the starting level of GDPc, human capital, and other growth inputs these cor-
relations are misleading. We focus next on simultaneous health expenditure and status
relationships with level and growth of GDPc where income distribution determines both
health status and GDPc.

e following three-equation model captures the interlinked health and growth e ects
that are conditioned with prevailing income inequality in economy. e first equation is
a typical empirical GDPc level equation based on production function that is augmented
with economy’s health status (HS) and second-order polynomial in income inequal-
ity to measure its nonlinear GDPc e ects. Population and educational variables (POP
and EDUC) measure the e ects of labor and human capital inputs on income. Varia-
ble TECH stands for the capital input measured as the change in nation’s technological
advance. e second equation gives the determination of nation’s health status related
to per capita GDP level, inequality and other health improving (exogenous) variables X;.
Finally, health expenditures per capita (HEc) are determined by GDPc level, health status
and some health expenditure-related (exogenous) variables X,.  us, in general terms we
argue that the income level (and growth) of economy is determined simultaneously with
its health status and health expenditures.  is means that in the model at least variables
InGDPc, AlnGDPcInHS, and InHEc are endogenously determined. e structure of the
model is identifiable and needs instrumental variable (1V) estimation approach.

InGDPc; = a9 + a1InHS; + a2 INEQ; + a{g[NEQiZ + a4InPOP; + a5sInEDUC; + agInTECH; + £1;,
InAS; = o + B1InGDPc; + B2INEQ; + BsXy; + 2,
InHEc; = ¢ + c1lnGDPc; + ¢InHS; + ¢3X,; + €3

Figure 2 and the above model are based on Kuznets’ hypothesis arguing that the rela-
tion between the GDPc level and inequality is hump-shaped. However, the more recent
modeling (see Sect. 3) has focused on the growth rate and inequality. Albeit this growth
formulation was easily derived in the preceding section in Kuznets framework, the mod-
ern theory and empirical literature have neglected the Kuznets’' approach too often.

us, we follow partly here the Kuznets’' formulation prosed by Shin (2012) that the level
of GDPc conditions also the inequality e ects on GDPc growth rate, i.e., in poor coun-
tries inequality growth e ects can be positive but in more advances countries they are
negative. To get also more direct results comparable with modern literature, the first
equation in our simultaneous model has now the following form

AInGDPc; = dy+d1InHS;+d2 INEQ;+d3 AInPOP;+dy AIMEDUC;+a5 AInNTECH;+¢4;,
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where we expect have positive sign for d, poor countries, and negative sign is found in
rich countries. To test this and the general nonlinear Kuznets’ approach, we divide our
data (194 countries) in three income groups in 1995—2014 period:

S1: countries that average GDPc level was less than 1000US$,
S2: group countries with GDPc level in margins 1000-10,000US$, and
S3: group countries with GDPc level in the above 10,000US$.

4.4 Estimation strategy
To avoid the evident endogeneity of almost all variables in growth process modeling,
we used the following approach. First, all our modeling variables are measured with the
mean values of country specific variable values in period 1995—2014 (20 years: Y;, X,).

is makes the measurements independent of cyclical e ects, and we can focus on aver-
age the long-run results. Second, we use means of variable measurements from period
1990-1994 as additional and instrument variables in model estimation.  us, our instru-
mentation leans to pre-determination of variable values in relation to model estima-
tion period. Variables dated at the beginning of sample period 1990—1994 reduce the
problem of endogeneity. Note that if the variables are highly persistent endogeneity may
still persist.  us, we argue that (a) variable set (?i,_h)_(i,_ﬂ from period 1990-1994
does not correlate with model errors (ey;, €25, €3;) in period 1995-2014, and (b) our
additional instrument variables (Zi,Zi,,l) do not correlate with model errors and not
with left-hand-side endogenous variables, i.e., we have E[(e1;, €2;, €3;)|Zi, Z; 1] = 0 and
E[Yi|Z;,Z; 1] = 0.

ese conditions put high pressure for finding proper instrument variables that are

not ill-conditioned by weak instruments and endogeneity. “Appendix 2” gives a more
detailed description of methods used. However, we note that our (Z;, Z; ;) set compro-
mises of values of alcohol consumption per capita (AC), percentage of population using
improved drinking water source (AW), geographic area of country in km?s (AREA) and
means of GDPc level and growth of countries having the same level of development as
country i (GDPc_iv). e last one is advocated by Pritchett and Summers (1993) as a
valid instrument in this context.  us, we argue that our endogenous left-hand-side
variables InGDPc, AInGDPc, InHS measured with infant mortality (InfM), and InHEc
measured with total health expenditures per capita are not necessarily a ected by values
of variables AC, AW, AREA and GDPc_iv in period 1995-2014 (Z;) and by their period
19901994 values (Z; _1). For example, in the above GDPc level equation the values of
chosen instruments are independent of variable GDPc values but they a ect the HS
(infant mortality rate) values.  us, e.g., using pre-determined period 1990—1994 mean
values of the percentage of population using improved drinking water source (AW_, or
INAW_,) as an instrument for IM is a natural choice in this equation but we also argue
that it will not directly a ect the value of GDPc.

5 Results

Table 1 reports the GDPc level GMM-2SLS estimation results for the model variables
with main interest of this study. More detailed information on data used and estimation
results is found in “Appendices 3 and 4”.
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Table 1 Estimation results for structural parameters for GDPc level equation in income
level groups S1, S2 and S3 (GMM-2SLS, estimated values in parenthesis if their signi cance
level is above 5% level)

Right-hand-side variables  S1:<1.000$ $2:1.000$-10.000% $3:>10.000%
InGDPc equation
InIM —1.320 —0.756 —0.361
GINI 0.161 (—0.030) (0.047)
GINIZ —0.0015 (0.0005) (—0.0003)
InIM equation
InGDPc —0.178 —0.555 —0.641
GINI (—0.003) 0.014 0.061
InHEC equation
InGDPc 0.777 0.967 0.725
InIM (0.894) (0.075) 0.164
InDOC 0.239 0.182 0.315

5.1 Health status (IM) e ects on GDPc and HEc

Health status measured with infant mortality (/zIM) has a negative e ect on the level
GDPc. Largest e ects are found in the poor countries with less than 1000US$ per cap-
ita income with coe cient value of —1.32. Interestingly we found statistically negative
e ects also in rich countries (—0.361). In the middle-income countries 10% increase in
infant mortality rate decreases the level of GDPc with 7.56%. Contrary to these signifi-
cant results, in both statistical and economic terms, we found only health status (IM)
e ects on health expenditures (HEc) in rich countries. A 10% increase in infant mortality
rate increases health expenditures by 1.64%.

5.2 Income level (GDPc) e ects on HS and HEc

In InIM equation the level of GDPc decreases most e ectively infant mortality in rich
countries. A 10% increase of GDPc reduces the infant mortality rate by 6.4%. In poor
countries the e ect is only 1.78%. In InHEc equation income e ects on health expendi-
tures are largest in the middle-income countries (0.967). However, if we pay attention to
the number of doctors per population (InDOC) as part of health expenditures, the sum
of these health expenditure elasticities is smallest in poor countries. Note, however, that
in all country groups the sum of elasticities of GDPc and DOC on HEc is numerically
above one.

From the policy perspective these results mean that (marginally) healthier people (i.e.,
reduced IM in InGDPc equation) generates more income in poor countries compared to
rich countries but when the level of GDPc is large enough, the wealth e ects (GDPc in
[nIM equation) increase health more e ectively in richer countries than in poor coun-
tries. Health policy to reduce infant mortality seems to rise health expenditures (HEc)
only in rich countries. However, GDPc level together with number of doctors per capita
generate health expenditures in same magnitudes with respect to given level of GDPc
in all income levels.  ese results may be an indication of poor e ciency and di erent
targets for health expenditures in non-rich countries. In sum, if only one policy option
is allowed then policy to reduce infant mortality is still a cost-e ective policy alternative.
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For example, in the poor economies the net e ect between GDPc and IM in (nGDPc and
InIM equations is large. A 10% reduction in IM means (ceteris paribus) a 13.2% increase
in GDPc that sustains a lower IM rate with an estimated value of 2.34% (13.2 x 0.178).
However, the (income) inequality e ects on GDPc and IM may make this less evident.

5.3 Income inequality (GINI) e ects on GDPc and HS

e GINI coe cients result in InGDPc equation shows that nonlinear inequality e ects
(Kuznets' hypothesis) on GDPc are found only in poor countries. We obtain N-shaped
GINI outcome on GDPc level. As the GINI coe cients have values in range of 40-70
in poor countries, this means that our estimate for GDPc—INEQ relationship is hump-
shaped (see Fig. 3). Estimation results for infant mortality rate (/n/M equation) show that
in middle- and high-income countries increase in income inequality a ects health sta-
tus adversely, i.e., higher IM rate. Surprisingly in the poor economies (S1 group coun-
tries) this is not found. In these countries there is an indirect inequality e ect on infant
mortality rate: increase in GDPc level happens most likely with increasing inequality but
only the GDPc increase lowers infant mortality rate that is not directly a ected by GINI.

us, the problem of infant mortality in poor economies is not so much caused by the
income inequality but by the low level of GDPc.

From the policy perspective this result is interesting. Now for a poor country with
large inequality increases in HE/GDPc and HS/HE ratios lead to higher level health
status. However, this can also happen with less inequality (compare points B and B* in
Fig. 3). Between them we find an optimum value of inequality B** that provides the high-
est level of GDPc. Note that if HS—INEQ relation with typical shape as depicted in Fig. 3
would be valid here this would mean that quite moderate policy increase in HE/GDP
or HS/HE ratio would move us from B to B* or to B**. However, the N-shaped GDPc—
INEQ relationship allows not for a permanent trajectory with less income inequality and
higher GDPc level. Only way to escape this trap is to hold to the health policy that raises
health status and sustains eventually for higher GDPc level that breaks the N-shaped
GDPc—INEQ relationship and allows for less inequality.

HS

HE

™~

GDPc

Fig. 3 Determination of health status (HS) in poor countries with Kuznets' curve identified with N-shaped
function and health expenditures (HE)
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Table 2 Estimation results for structural parameters for AInGDPc equation in groups S1,
S2 and S3 (GMM-2SLS, estimate valued in parenthesis if signi cance level above 5% level)

$1:<1.000$ §2:1.000$-10.000% $3:>10.000$
AInGDPc equation
InIM (0.027) (0.004) (0.022)
GINI —0.0009 —0.0011 —0.0021

5.4 IMand income inequality (GINI) e ects on GDPc growth
AlnGDPc equation estimation results with linear e ects of the GINI coe cients are
given in Table 2. First, we observe that infant mortality rate has a positive but statistically
insignificant e ect on economic growth in all income groups. However, we find for all
income level groups that larger income inequality (GINI) predicts less GDPc growth rate.
e growth-reducing e ect is largest in rich countries. For the poor countries significant
negative estimate value of —0.0009 means that these countries can be located on upper
Kuznets’ curve arm and also left from the point ZE** in Fig. 2.

When comparing the above GMM-2SLS results with SURE and GMM system results
(obtained upon request), we observe that there exist larger di erences between GMM-
2SLS and SURE results than between GMM-2SLS and GMM system results in terms of
point estimates and their SEs. As expected GMM system estimates are more e cient
than GMM-2SLS estimates. However, the estimate and e ciency di erences are not
large enough in most cases to make above inferences with GMAM-2SLS redundant. Also
according to tests found in “Appendix 4” it is shown that our choice of instruments is
valid one.

5.5 Endogenous income inequality e ects
Basically, the Kuznets’ hypothesis says that income level determines income distribution.
e endogeneity of GINI coe cient is evident in this case. Next we do not propose an
additional equation in the model for GINI variable but we estimated the above models
treating GINI also as endogenous variable. Results in Tables 6, 7 and 8 (in “Appendix 4”)
show that significant results with endogenous GINI were hard to obtain. Some results
are still noteworthy. GMM C test rejects for poor countries the null alternative of exog-
enous GINI (see Table 6 in “Appendix 4”) for dinGDPc equation, and the sign of GINI
variable coe cient estimate is positive with 5% level. A clear increasing inequality e ect
on infant mortality is now also found for the poor countries in [nIM equation. How-
ever, in [nGDPc equation the estimates for second-order polynomial of GINI are very
imprecise for all country groups. We take this as evidence of di culty of finding proper
instruments for endogenous GINI variable. e first-stage equation results in [nGDPc
equation for GINI and GINF show the evidence of weak instruments. We leave the fur-
ther analysis with endogenous GINI variable for future research.

6 Conclusions

Income—health relationship is in the core of health economic analysis—at both
micro- and macro-levels. We analyzed the simultaneous relationships between health
status measured with infant mortality rate and GDPc level and GDPc growth in the
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presence of income inequality variable (GINI) in infant mortality and income equa-
tions. System model included also equation for determination of health expenditures
(HEc). Our sample consisted of data set of 194 countries in years 1990—2014. Cross
section of country mean values of relevant variables in period 1995—-2014 was used
as estimation sample. Year 1990—1994 mean values were used as instrument varia-
bles with addition to some other variables. e cross-sectional data were divided into
three country groups based on the mean GDPc level values during the sample period
1995-2014. is was done in order to test for Kuznets' hypothesis maintaining a posi-
tive nonlinear relationship between GDPc level and income inequality in poor coun-
tries contrary to the rich countries.

Our GMM-2SLS estimation results indicated that the simultaneous positive infant
mortality rate and GDPc level e ects are found in all country groups sustaining
decrease in mortality rate with an increase in GDPc level with positive feedback e ect
from lower mortality rate to GDPc. Increasing income inequality measured increased
infant mortality rate. However, positive GDPc growth e ects from infant mortality
rates were not found. Health expenditures had larger than one elasticity when e ects
from GDPc level and number of doctors per capita were summed together.

We argued that for poor countries the low-income high-inequality trap can be also
escaped in the presence of Kuznets' hypothesis by rising the health expenditures—
GDP ratio and with cost-e ective health technology. is happens easily if the nega-
tive health status—inequality relationship is not valid or if the countries’ have positive
nonlinear GDPc level dependence on income inequality with decreasing curvature.

is was identified with N-shaped GDPc function on GINI coe cient. Both of these
conditions were found in our sample only for the poorest countries and not rejecting
the Kuznets’ hypothesis. However, the negative income inequality e ects on growth of
GDPc were found in all income level country groups. Weak tentative 1V results with
endogenous GINI did not support the Kuznets’ hypothesis for any country income
level group and only significant, albeit positive, GINI e ect on growth of GDPc was
found for the poor countries.

From the economic growth policy perspective, our results mean that the pol-
icy to combine exogenously determined fight against infant mortality and income
inequality means higher GDPc level in long run. In the poorest countries Kuznets’
hypothesis and low-income high-inequality trap may still be present but these can
be avoided by breaking the possible negative relationship between income inequality
and raising health status with the suggested policy. If this is not possible the posi-
tive income—health relationship will eventually make income inequality as obstacle to
growth as the higher GDPc levels are reached.
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Appendix 1: Cyclical GDPc solution
Assume that GDPc is determined by INEQ in the following way

GDPc¢; = a + bINEQ; (b > 0),
and this has also a negative e ect on following period’s health status HS; 1
HS;+1 = ¢ + dINEQ; (d < 0).

Next, if we have a positive relationship between GDPc;. 5 and t+ 1 period’s health
status,

GDPCL»+2 =e€ +fHSt+1 (f > 0),

then all this sums up to a second-order di erence equation (DE) for GDPc:

GDPciiy=e+f-(c+d-INEQ)=e+f (c+d (=% + ;GDPc;))
= GDPcyyy — $GDPcy =T (p =f - d - (3)) <O.

e solution for this DE equation is cyclical, i.e., roots are +./4¢ = +2i/¢.

Appendix 2: GMM-2SLS

e first equation in our model has the form of y; = «;8 + ¢; where x; = y5, indicates the
right-hand-side endogenous variables. e vector of instruments z; = x/,; corresponds to
exogenous variables. e (orthogonal) moment condition says that E[z}(y; — «;8)] = 0.

is is the general starting point to all IV estimators. When the number of instruments
exceeds the number of right-hand-side endogenous variables, like here, we have the
over-identified case. Note that all IV estimators are prone to finite-sample bias even they
are consistent in infinite samples. e question is how much bias we tolerate for our IV
estimators with chosen instruments in finite samples.

e weak instrument analysis can give us some guidelines to follow. Before these
options it is good thing to conduct, e.g., correlation and partial correlation analysis
between endogenous and their instrument variables. Likewise the tests for regressor
endogeneity and for over-identifying restrictions (i.e., tests for instrument orthogonality)
must be performed. e former tests, like the Durbin—Wu—Hausman test, assume that
endogenous variables are independent (exogenous) and compare ordinary OLS results
to IV results. If the di erences are large in the coe cient values, it indicates that OLS
approach is wrong. Alternatively, we regress endogenous variables y; on all exogenous
variables including the instruments and use residuals of these OLS models as explana-
tory in OLS model for y; without y,,. s gives the robust regression F test by Hausman
(1978). Rejections with tests for over-identifying restrictions imply that at least one of
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instruments is not valid. However, rejection has also implications concerning the model
misspecification, i.e., some instruments should be considered as model variables.

Weak instrument analyses rest on the assumption that instruments are valid. How-
ever, this consistency does not guarantee that the instruments can't be weak ones.  us,
instruments can well be uncorrelated with model errors terms but they do not correlate
enough strongly with the endogenous variables.  en the OLS model for single endoge-
nous variable y,; on z; = x7; will provide low R ¢ and F test values. Now the asymptotic
theory of 1V estimators may provide a poor guide in finite samples and large biases are
expected in estimates. e question is how large biases we tolerate depends on the num-
ber of endogenous variables and instruments (i.e., over-identifying restrictions). Stock
and Yogo (2005) provide some tests to analyze the severity of weak instruments with
2SLS, GMM and LIML estimators. e results are based on minimum eigenvalue of a
matrix analog of F statistics. To use tests one has to first decide the size of bias toler-
ance compared to biased OLS results. If we take bias to be less than 10% of OLS results
with two endogenous variables and five instruments, we have critical value of 8.78 for
5% F test. If less than 20% bias is allowed with four instruments, the critical value is 5.57.
Obtaining test values larger than these, e.g., over 10, we reject the null hypothesis of
weak instruments indicating reliable 1V results.

Appendix 3: Variables and data sources
GDPc;,=GNIPC,, gross national income per capita in current US$ calculated using
World Bank Atlas method. Sources: World Bank (2016), kushnirs.org (2016).

IM,, = Infant mortality rate is the number of infants dying before reaching 1 year of
age, per 1000 live births in a given year. Sources: World Development Indicators (World
Bank 2016), Global Health Observatory Data (WHO 2016), UN Data (UN.org 2016) and
UNICEF statistics (2016).

INEQ,,= GINI,,, Gini Index. Source: SWIID Version 4.0 (Solt 2009). e “gini_market”
data are taken, which is the estimate of Gini index of inequality.  is is equivalent to
(square root scale) household market (pre-tax, pre-transfer) income. Here Luxembourg
Income Study data are used as the standard. Further, data are obtained from OECD
(OECD.StatExtracts 2014). UNU WIDER (2015) data are also collected. Data from the
Inequality project hosted by the University of Texas (2016) complement the other data.
Additionally data from “All the Ginis Dataset” (World Bank 2016) are also retrieved.

AC;,=alcohol consumption/adult(15+) in liters of pure alcohol per person per year.
Source: WHO (2016) and Quandl.com (2016).

HEc,,= TOTHEXPc,,, total health expenditure. Derived as % of GDPc. Sources: Global
Health Expenditure Database (WHO 2016). Other sources include OECD.org (2016),
World Bank (World Bank 2016) and Gapminder.org (2016).

POP, =total population, both sexes, combined in thousands. e following popu-
lation age structure variables are used: age cohorts 0-14 (POPI1,), 15-64 (POP2,,) and
65+ (POP3,,). Sources: UNPD (2015 and 2016) UN.org (2016), World Bank (2016) with
reference to the total and the three age cohorts.

POPU,, = urban population as % of total population. Sources: World Bank (2016), and
Gapminder.org (2016).
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EDUC,,=PCR,,, total of primary education completion rate (as a % of relevant age
group). It is the % of students completing the last year of primary school. Sources: World
Bank (2016), OECD.StatExtracts (2016), UNESCO (2016), UNICEF (2016), Quandl.com
(2016) and Indexmundi.com (2016).

RD_E;,=expenditure on R&D obtained from R&D expenditure as % of GDPc. Sources:
World Bank (2016), OECD.org (2016), UNESCO (2016) and theglobaleconomy.com
(2016).

DOC;,=physicians working in any medical field/1000 people. Sources: World Bank
(2016), OECD Health Data (2016), WHO (2016) and Gapminder.org (2016).

AREA,,=geographic area of country in km?2. Source: World Bank (2016).

Appendix 4: estimation results
See Tables 3,4, 5, 6, 7 and 8.

Table 3 GMM-2SLS estimation results for country group=1 (robust t values
in parenthesis, N=50, 5% or less signi cance level results with italics, 5%
or less signi cance level test values are indicated by *)
Variable INGNIPc InIM InHEC dInGNIPc
Constant 8714 (2.69) 6.233(8.65) —3.747 (—1.29) —0.283 (- 1.60)
Inim —1320(—1.97) 0.894 (1.50) 0.052 (1.54)
GINI 0.162 (2.57) —0.003 (—0.58)
GINI_1 —0.0009 (—1.90)
GINI? —0.0014 (— 2.46)
dInPOP 0.009 (0.03)
dinPOP_1 5.295(2.13)
InPCR_1 —0.267(—1.23) 0.036 (2.79)
INRD_E_1 0.088(2.09)
dIinRD_E 0.302 (6.40)
InGNIPc —0178(—206)  0.777(2.02)
InAW —0.301(—2.07)
InPOPU 0.150 (1.89)
InDOC 0.239(2.36)
‘R 0.081 0.243 0.309 0.364
GMM C test for exogeneity InIM InGNIPc InIM, InGNIPc  InIM
chi®(1)=219 chi%(1)=0.006 chi(2)=224  chi¥(1)=186
Robust F test for first-stage InIM InGNIPc IniIMm InIM
regressions F(4,40)=1.97 F(442)=12697* F(444)=319* F(243)=419*
InGNIPc
F(4,44)=332*
Hansen's J test for over-iden-  chi}(3)=3.04 chi?(3)=5.25 chi’2)=524  chi¥(1)=1.63
tifying restrictions
Additional instruments AC,AC_1,InAREA, AW_1 InGDP_liv, AC_1,AW_1 AC_1,AW_1

INGDP_iv_1,
dinGDP_iv_1
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Table 4 GMM-2SLS estimation results for country group=2 (robust t values
in parenthesis, N=94, 5% or less signi cance level results with italics, 5%
or less signi cance level test values are indicated by *)
Variable INGNIPc InIM InHEC dInGNIPc
Constant 9718 (6.45) 12302 (10.30)  —2.038(—148) 0.086(3.17)
IniM —0.756 (— 3.42) 0.075 (0.50) —0.002 (—0.17)
GINI —0.030 (— 0.58) 0.014(2.18) —0.001 (—2.73)
GINI? 0.0001 (0.31)
dinPOP 11.40 (2.69) 0.003 (3.22)
InPOP1
INnPCRm_1 0.122 (1.03)
dInPRC 0.314 (1.55)
InRD_E_1 0.144 (3.42)
dinRD_E 0.120 (2.42)
InGNIPc —0551(—4.49) 0.967(7.30)
INAW_1 —1.244 (—3.76)
InDOC 0.182(3.30)
“R%” 0437 0528 0.744 0.218
GMM C test for exogeneity InIM InGNIPc InIMm, InGNIPc  InIM
chiy(1)=3.84* chi¥(1)=4.20* chi}2)=370 chi¥(1)=0.04
Robust F test for first-stage InIM InGNIPc IniIMm InIM
regressions F(4,83)=8.85* F(2,88)=41.67* F(586)=13.63* F(3,86)=6.68*
InGNIPCm
F(5,86)=557*
Hansen's J test for over-identify- ~ chi%(3)=4.98 chi(1)=001  chi?(3)=1.80 chi?(2)=2.16
ing restrictions
Additional instruments AC,AC_1,InAREA,AW_1 AC_1InRD_E_1 AC_1 AW_1 AC_1 AW_1
INAREA INAREA
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Table5 GMM-2SLS estimation results for country group=3 (robust t values
in parenthesis, N=50, 5% or less signi cance level results with italics, 5%
or less signi cance level test values are indicated by *)
Variable INGNIPc IniM InHEC dInGNIPc
constant 8.081 (5.19) 5632 (5.18) —0.228(—0.27) 0019 (0.12)
IniM —0.361 (—2.34) 0.164 (2.72) 0.023 (1.61)
GINI 0.047 (0.67) 0.061 (5.09) —0.002 (— 2.59)
GINP? —0.0003 (—0.37)
dinPOP 9412 (6.13)
dinPOP3_1 —0.313(—2.30)
InPCR_1 0.015 (0.43)
dInPCR_1 3.062 (1.09)
InRD_E 0.193 (4.03)
dinRm_E 0.224 (3.03)
InGNIPc — 0642 (—568) 0.725(9.21)
InDOC 0.315 (5.00)
“R2” 0.719 0526 0714
GMM C test for exogeneity InIM InGNIPc InIM, InGNIPc  InIM
chi(1)=0002  chi¥1)=383* chi?(2)=396  chi’(1)=398*
Robust F test for first-stage regres-  InIM InGNIPc InIM IniM
sions F(341)=164 F(5,43)=2395.81* F(444)=453* F(342)=0.79
InGNIPc
F(4,44) = 3.66*
Hansen's J test for over-identifying  chi?(2)=457 chi?(4)=5.64 chi?2)=152  chi}2)=104
restrictions
Additional instruments AC,AC_1,AREA  dInGDPiv, InGDP_ dinPOP_1, AC,AC_1, AREA
iv_1,ACAC_1, INPOPU,
POPU_1 AC_1,AW_1
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Table 6 GMM-2SLS estimation results for country group=1 with endogenous GINI
and GINP (robust t values in parenthesis, N=50, 5% or less signi cance level results
with italics, 5% or less signi cance level test values are indicated by *)

Variable INGNIPc IniM InHEC dInGNIPc
constant 7.071(0.97) 4577 (2.60) —3747(—129) —0616(—2.67)
InIM —1221(—182) 0.894 (1.50) 0.097 (2.30)
GINI 0.178(0.67) 0.049 (1.75) 0.004 (2.50)
GINP —0.002 (—0.63)
dPOP —2.667(—2.03)
dinPOP_1 5.030 (1.38)
InPCR_1 —0.248 (—1.06) 0.028(1.82)
InRD_E 1 0.079 (1.68)
dinRD_E 0.312 (3.64)
InGNIPc —0411(—164) 0.777(2.02)
InAW —0.155 (— 045)
InPOPU 0.166 (0.85)
InDOC 0.239 (2.36)
‘R 0141 . 0.309 .
GMM C test for exog-  InIM InGNIPc InIM, InGNIPc InIM
eneity chif(1)=111 chi?(1)=1.88 chi?(2)=224 chi?(1)=4.35*
GINI, GINP GINI GINI
chi?(2)=0.04 chi?(1)=3.44 chi?(1)=7.46*
Robust F test for first-  InIM InGNIPc InIM InIM
stage regressions F(4,42)=1.83 F(7,40)=43.17* F(444)=319 F(2,42)=1.87
GINI GINI InGNIPc GINI
F(4,42)=0.99 F(7,40)=1.08 F(4,44)=332 F(4,42)=3.63*
GINP
F(4,42)=1.05
Hansen's J test for chi?(1)=311 chi?(3)=2.33 chi?2)=5.24 chi?(2)=083
over-identifying
restrictions
Additional instruments  AC, AC_1, INAREA, AC,AC_1, InGDP_iv, AC_1,AW_1 AC,AC_1,AW_1,
AW_1 InGDP_iv_1, INAREA
dInGDP_iv_1,

INAREA, dInRD_E_1
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Table 7 GMM-2SLS estimation results for country group=2 with endogenous GINI
and GINP (robust t values in parenthesis, N=93, 5% or less signi cance level results
with italics, 5% or less signi cance level test values are indicated by *)

Variable INGNIPc InIM InHEC dInGNIPc

constant 8.084(1.90) 10.877 (5.43) — 2038 (—1.48) 0.059 (0.62)

IniM —0611(—213) 0.075 (0.50) 0.000 (0.01)

GINI —0.019 (—0.12) 0.050 (2.39) —0.001 (—0.29)

GINP 0.000 (0.47)

dinPOP 5978 (1.07)

InPOP1 0.003 (2.81)

InPCR_1 0.097 (0.62)

dInPCR 0.277 (1.29)

INRD_E_1 0.184(3.13)

dinRD_E 0.125 (1.94)

InGNIPc —0427(—3.92) 0.967 (7.30)

INAW_1 — 1517 (—394)

InDOC 0.182 (3.30)

“‘R¥ 0.157 0.336 0.744 0.211

GMM C test for InIM InGNIPC InIM, InGNIPc InIM

exogeneity chi?(1)=0.29 chi?(1)=0.67 chi?(2)=3.70 chi?(1)=0.03

GINI,GINP GINI GINI
chi?(2)=2.29 chi?(1)=351 chi?(1)=022

Robust F test for first-  InIM InGNIPc InIM InIM

stage regressions  F(4,85)=8.78* F(5,86) = 72.00* F(5,86) =13.63* F(4,85) =19.82*

GINI GINI InGNIPc GINI

Hansen'’s J test for
over-identifying
restrictions

Additional instru-
ments

F(4,85)=1.10
GINP
F(4,85)=1.42

chi?(1)=182

AC, AC_1, INAW 1,
INAREA

F(586) = 2.57*

chi?(3)=4.16

INAREA, InAC_1,
INnRD_E_1, InGDP_
iv_1,dInGDP_iv_1,

F(5,86) = 5.58*

chi?(3)=1.80

INPOPU, AC, ACm_1,
AW_1

F(4,85) =141

chi?(2)=208

AC, AC_1, INAW 1,
INAREA
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Table 8 GMM-2SLS estimation results for country group=3 with endogenous GINI
and GINP (robust t values in parenthesis, N=50, 5% or less signi cance level results

with italics, 5% or less signi cance level test values are indicated by *)

Variable INGNIPc InIM InHEc dInGNIPc
constant — 63463 (—0.17) 4,898 (3.69) —0.228(—0.27) 0.049 (0.40)
IniM —3368(—0.22) 0.164 (2.72) 0.007 (0.38)
GINI 3.409 (0.19) 0077 (4.32) —0.000 (—0.08)
GINP? —0.034(—0.19)
dinPOP —33624(—014)
dinPOP3_1 —0.246 (—2.10)
InPCR_1 —0.002 (—0.07)
dInPCR_1 2.127 (0.08)
dinRD_E 0.130(1.03)
dinRD_E —0496 (—0.14)
InGNIPc —0.637(—523) 0.725(9.21)
InAW
InPOPU
InDOC 0.315(5.00)
‘R . 0.503 0.714 0.149
GMM C test for exogene-  InIM InGNIPc InIM, InGNIPc  InIM
ity chi?(1)=2.19 chi?(1)=4.17* chi?2)=395  chi¥1)=032
GINI,GINP GINI GINI
chi?2)=201 chi?(1)=0.99 chi?(1)=096
Robust F test for first- IniM InGNIPc InIM: InIM
stage regressions F(442)=1.29 F(5,44) =379.15* F(4,44)=453* F(343)=248
GINI GINI InGNIPc GINI
F(4,42)=172 F(544)=581* F(4,44)=366* F(343)=4.39*
GINP
F(4,42)=185
Hansen's J test for over-  chi?(1)=0.04 chi?(3)=4.68 chi?2)=152  chi¥1)=012
indentifying restrictions
Additional instruments AC,AC_1, InAW_1, dInGDPiv, InGDP_ dinPOP_1, AC,AC_1, AREA
INAREA iv_1,AC,AC_1, InPOPU,
POPU_1 AC_1,AW_1
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