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Abstract: Our paper aims to determine the correlation between income
inequality and mortality, within the European Union, using a fixed-effects
regression model. We studied the influence of inequality on population health
using a panel database, which includes the 28 Member States of the
European Union, for the 2000-2018 period. After regressing our logarithmic
variables and performing the main statistical tests, we determined that, as a
whole, the explanatory variables considered in our model significantly
influence life expectancy at birth, while at an individual level, only GDP per
capita and the level of education have a significant influence on life
expectancy variable. The statistical tests’ results show that, from a
mathematical point of view, the Gini coefficient, which reflects income
inequality, does not influence life expectancy at birth. However, the Gini
coefficient was not excluded from the model, given the importance it has from
a theoretical point of view.
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1. INTRODUCTION

The actual economic context urges us to say that the income distribution as well as
the wealth inequality problem represent one of the most debated subjects in the world.
Therefore, in the last decade, a consistent number of scientists looked forward to the
impact and evolution of this social phenomenon, claiming that the major inequality of
income and absence of development opportunities can lead to economic and social
instability (Piketty, 2014).



This subject was considerably studied by public healthcare researchers. Their work
focuses on the way that reduced wealth, low standard of living, or limited access to
medical assistance contribute to increasing inequality in the public healthcare system, and
thus lead to an uninterrupted growth of the life expectancy gap between poor and rich
people. While the relationship within revenues and life expectancy is regarded as justified
and proven on several occasions, it is impossible not to ask ourselves if this income gap
can be the reason for a high mortality rate. We should not be surprised by the fact that
previous studies indicate that the standard of living is closely connected to the revenues
affecting risks of disease and premature mortality.

The purpose we are pursuing in this article is to prove a direct connection between
income inequality and mortality in the European Union states. In order to achieve a well-
founded conclusion, we will run an econometric model and analyze the results since this
phenomenon is of particular importance.

2. LITERATURE REVIEW

The aim of determining the link between income inequality and mortality
represents a subject that brought the attention of many researchers over time. This subject
represents an interesting topic of research and is of great interest in both the actual and the
future context, taking into consideration the increasing polarization of social classes and
the growing discrepancies between them, realities that any society faces, regardless of its
degree of development.

The importance of this phenomenon was pointed out by Wilkinson (1996), who
considered the income distribution one of the most powerful and important factors of
influence when it comes to the health of the population from developed countries (Herzer
si Nunnenkamp, 2015).

According to the article published by Dahl et al. (2006), studies such as those of
Deaton (2003), Lynch et al. (2004), Macinko et al. (2003), Subramanian and Kawachi
(2004) as well as Wilkinson and Pickett (2006) outline the fact that the specialty literature
has shown a correlation between income inequality and population health, at least from a
theoretical point of view.

According to a study by Marmot (2002), the revenue is connected to health in
three different ways: by gross national product of the countries, by people's earnings, and
by income inequalities among rich countries but also among geographical areas. Therefore,
there are two ways through which income can affect health status, firstly through a direct
impact on the material conditions necessary to biological survive, and secondly, by an
effect on the social participation and opportunity to control life circumstances. The fewer
goods and public services provided by the community, the more important and relevant
individual revenue is for health.

In the past, those who rule the countries took the view that there is no relationship
between poverty and access to health services. They were convinced that the problem is
due to the ignorance of the citizens. It can be said, with amiability, that vision was then
limited, but nowadays things have changed.

However, the specialty literature does not provide a clear answer on the true effect
of income inequality on population health and, thus, on mortality. An important part of the
current research did not determine significant associations between income inequality and
health, the true effect of these inequalities on the health of the population being considered
still uncertain, raising some questions in certain regards, as pointed out by Clough-Gorr
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and Egger (2015) in their work. Within this research topic, the methodology proves to be
extremely important, especially considering the fact that it raises the issue of regional or
national particularities and at the same time the issue considering the level of aggregation
at which the analysis is performed.

Most studies elaborated to the present date have based their analysis on aggregated
data at the county, state, or country level (Dahl et al, 2006). Clough-Gorr and Egger (2015)
point to Linch’s conclusion (2004), who determined that, at a country/state level, most
research stated that income inequality has a negative effect on the health of the population,
while studies based on inferior levels of aggregation, such as regions and municipalities,
have generated mixed findings on the same hypothesis. Furthermore, Wilkinson and
Prickett (2006) explained in their publications that this hypothesis cannot be thoroughly
tested when inequality is measured in small, narrow areas, taking into consideration the
fact that significant social differences across the country cannot be included in this type of
scenario. Both Lynch as well as Wilkinson and Prickett have their arguments based on
studies that took into consideration the correlation between income inequality and
population health at the level of larger countries, states, or regions. In contrast to the
research undertaken considering local levels, these studies proved the correlation between
income inequality and population health, and implicitly on mortality (Dahl et al., 2006).

As we have mentioned before, the main problem raised by this research topic is
represented by the heterogeneous results of previews studies. Dahl et al. (2006) summarize
in his paper a conclusion regarding the discrepancy of research results at that time.
According to these results, research papers aimed at linking income inequality and health
status, respectively mortality, in countries such as Canada, New Zealand, and Japan, did
not record results to support their hypothesis. In addition, the same situation is found in the
case of research regarding the Nordic countries, considered welfare states, with relatively
equal distributions of income. In other words, research in both Finland and Sweden or
Denmark has not found significant correlations between income inequality and mortality.
At the same time, however, a negative correlation has been determined by the authors
Clough-Gorr and Egger (2015) in the case of Switzerland. In their study, in Switzerland,
higher income inequality has been associated with lower levels of mortality, both for
general causes as well as for major causes, such as cardiovascular disease or cancer. On the
other hand, when it comes to the United States, both the national level analysis as well as
the analysis based on data collected from lower administrative levels, highlighted a
significant link between income inequality and mortality. Moreover, Lynch et al. (1998)
concluded on a tragic note that mortality due to income inequality in the United States “is
comparable with the combined mortality due to lung cancer, diabetes, car accidents, human
immunodeficiency virus infection, suicide and homicide in 19957 (Herzer and
Nunnenkamp, 2015).

In their papers, Wagstaff and Van Doorslaer (2000), as well as Wilkinson and
Pickett (2007) explain the negative effect of income inequality on the general health of a
country’s population, especially upon general mortality. The authors emphasize the lower
standard of living of poor people from areas with high inequalities, as the main factor of
influence for the level of health, mainly through low quality of life, with reduced access to
health care services, poor working conditions, lack of resources or harmful habits. The
differential access to resources and health services will eventually lead to less-efficient
preventive health care services as well as higher criminality rates, which overall affects the
population health and mortality risk (Daly and Wilson, 2013).

7



Secondly, apart from material conditions, Wilkinson highlights in his research
papers the psychological argument. The author points out that the poverty felt by people in
the lower ranks of society in terms of income, leads to an increased "psychosocial stress",
mainly due to deprivation of status, which in the end is considered to have negative health
implications.

Research in this field possesses significant importance. Demonstrating the possible
correlation between inequality in income distribution and mortality could represent an
important pillar in elaborating future social policies aimed at reducing mortality and
serious illnesses. However, if inequality produces little to insignificant impact on the lives
of the citizens, this situation transcends the economic sphere, and falls rather into the moral
and social sphere, as stated by Daly et al. (1998).

3.DATA AND METHODOLOGY

The correlation between income inequality and mortality is analyzed in our paper
using an econometric model which follows a similar approach to the one built by Torre and
Myrskyld (2011), in which the authors analyze the link between life expectancy at birth
and variables such as GDP per capita and the Gini coefficient. In addition, taking as an
example the model built by Muller (2002), we have chosen to introduce in our model a
variable that summarizes the population level of education in each member state of the
European Union.

Our analysis uses a sample composed of all the European Union countries,
including the United Kingdom for the 2000-2018 period, being the most recent period in
which we did not encounter the problem considering the non-publication of data by
statistical institutions, except for a few isolated cases.

Life expectancy at birth (years) is defined as the average number of years that a
newborn can expect to live, if it were subjected, throughout his life, to the current mortality
conditions. High life expectancy can be attributed to several factors, including increased
living standards, improved lifestyles, and a higher level of education, as well as higher
access to quality health services, according to the OECD (2019). Moreover, we consider
that this variable is appropriate to the present research, considering that life expectancy at
birth allows comparisons with existing research papers, as it was used as a dependent
variable in other comparable studies, according to the authors (Torre and Myrskyla, 2011).

Gross domestic product per capita (purchasing power/capita). In our paper, GDP
per capita provides a perspective both on the economic prosperity and level of
development in each member state considered. At first sight, it can be argued that in a
developed society, life expectancy is high, being influenced by the increased standard of
living. On the other hand, according to the European Commission (2017), economic
growth is not always favorable for inclusion, arguing that not all households feel this
growth reflected in their income. In its report, the European Commission cites Saez's
article (2019), which draws attention to the fact that, in the recent years, GDP growth in
the United States has, almost exclusively, promoted income growth of households from the
upper social classes, which deepens the problem regarding social polarization.

Gini coefficient is our main independent variable considered in this research,
which describes the income inequality from selected countries. The higher the value of the
Gini coefficient, the more unequally population income is distributed.

The level of education is another significant variable in our econometric model,
taking into consideration its implications on society. Lack of education or even the lack of
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a higher education level in a country theoretically leads to altered social conditions as well
as altered living standards, which, in the end, can influence life expectancy. Furthermore,
according to Coady and Dizioli (2018), a high level of education is considered to be a key
factor in combating rising income inequality, at least in the medium term, taking into
consideration the fact that it contributes to reducing poverty and inherited poverty as well
as reducing inequalities of opportunity among the population. Moreover, a higher level of
education contributes to the improvement of fiscal and social policies, distorted these days
due to the high expenditures on social protection and assistance encountered in the
countries with low levels of education. In our analysis, the level of education is illustrated
by the percentage of the population aged 25-64, who have a higher education degree.

For all variables considered in the model, all data were collected using mainly the
European Database “Eurostat” and World Income Inequality Database, published and
updated by the United Nations University, useful for checking and completing our
database especially in the case of the Gini coefficient. The isolated cases in which we
encountered difficulties in collecting data were mainly for the Gini coefficient, particularly
for Cyprus, Croatia, Malta, and Portugal, but only at the beginning of the period. For the
GDP/capita variable, in the considered period 2000-2018, only the first two years of
observations in the case of Romania were missing. Also, in the first years of the analysis,
we found limitations in the case of Austria (2000-2003) and Croatia (2000-2001), in terms
of the percentage of the population that graduated from a higher education cycle. However,
the shortcomings in the collected data did not represent an impediment to the carried
analysis, given the size of our built database.

Because the reviewed phenomenon is a complex one, we have chosen to perform
our econometric analysis on a panel database. Before running the regression, we turned the
variables into logarithmic data to easily compare and describe the results. Also, these
transformations into logarithmic data allow better control of heteroscedasticity and
meeting linearity. The regression equation is as follows:

Inlife_expit=a+pf1Ingdpit+p2Inginiit+p3Inet_attainmit+Yt+et

where the dependent variable is life expectancy at birth (life exp), and the
independent variables are gross domestic product per capita (GDP), the Gini coefficient
(Gini) and education attainment (ed_attainm); Y't is a dummy variable which controls fixed
effects over time; &t represents the error term which is correlated with the independent
variables.

This correlation between the error term and the independent variables is a
characteristic of the fixed effects models. When this model is used, it is assumed that a
factor from inside the entity (in this case, the countries) can have an impact or prejudice on
the explanatory variables, and must be controlled. This is the reason behind the hypothesis
of the correlation between the error term and independent variables. When using a fixed-
effects model, the impact of invariant in time characteristics is eliminated, so that effect of
the output variable on the control variables can be assessed.

The first step in our regression analysis was performing the Hausman test to
determine if the regression needs a fixed-effects or a random effect analysis. Considering
that the panel database is quite comprehensive, the results of this test indicate choosing the
fixed effects model.

Further, we have run the Pesaran test to identify cross-sectional dependence among
the variables (contemporary correlation). The results indicate accepting the null
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hypothesis, that the residuals are not correlated, so we can say that a cross-sectional
dependence exists. To sustain this hypothesis we pursued the Lagram-Multiplier test for
cross-sectional independence, which also led us to the same conclusion, there is no first-
order autocorrelation. Finally, it was required to perform a heteroscedasticity test. The
Wald test’s results indicated that heteroscedasticity is not present in this model,
(acceptance of the null hypothesis) according to Appendix 1.

4. EMPIRICAL RESULTS

Table no 1. Descriptive statistics of the results

Variable Cks Mean Std. Dev. Min Max
life exp 532 78.3438 3.275237 70.2 B83.5
gdp 530 24792 .23 11454.77 5630 80870

gini 514 29.70191 3.999789 20.9 40.2
ed_attainm 526 26.1365 9.0818B39 5.4 46.9

Source: Data processed by the authors through Stata Software

Table 1 summarizes the main descriptive characteristics of the variables used, from
a statistical point of view. An important aspect of this analysis is the standard deviation.
We can easily see that the most significant deviation from the average is in the case of
gross domestic product, which records the value of 11.454,77 PPS/capita, indicating the
economic heterogeneity of the analyzed countries. The countries with the farthest
GDP/capita compared to the European Union average are Luxembourg, registering in 2018
also the maximum value from the considered data set (80.870 PPS/capita), Ireland and the
Netherlands, and at the opposite pole, we find Bulgaria (registering the value of a
minimum of 5.630 PPS/capita in 2000), Romania, Latvia, and Croatia.

The lowest standard deviation is assigned to the variable Life expectancy at birth
(3,2752). On average, in all 19 years considered in our analysis, in the European Union,
the average life expectancy was 78,34 years. The countries with the highest life expectancy
are Spain and Italy, with an average of about 81,8 years, and at the opposite side are
situated countries such as Latvia, Lithuania, Romania, and Bulgaria, where life expectancy
at birth is on average, in the last 19 years, around 73 years.

We also find a low standard deviation in the case of the Gini coefficient (3,9997).
This is due to the relatively uniform character of European countries, where we do not find
sharp discrepancies between countries in terms of income inequality, as we find for
example in the case of the United States and Mexico or the case of the countries from Asia
or Africa. The average Gini coefficient in our database is 29,70, in line with the OECD
average for OECD-EU countries of around 30 (OECD, 2017). The above-mentioned report
also points out that the lowest levels of income inequality are found in countries such as
Slovenia, the Czech Republic, and Slovakia, but the Nordic countries Sweden and Finland
also occupy top positions. As it can be seen from our analysis, the minimum value is
recorded by Slovakia (20,9). Western and Central European countries, such as France,
Germany, Croatia, and the Netherlands, are around the European average, while the level
of income inequality is above average in all countries in southern and south-eastern
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Europe. The highest levels of income inequality in the European Union in 2018 are found
in Bulgaria, the Baltic states Latvia and Lithuania, and in Romania.

On average, in the 2000-2018 period, the percentage of the population aged
between 25 and 64 who graduated from higher education in the European Union was
26,13%. The European countries that had, on average, the lowest level of the population
with higher education in the period 2000-2018 are Romania, followed by Italy and Malta,
and at the opposite pole, we find Finland, Ireland, and Great Britain. The lowest value of
the variable is found in the case of Malta in 2000 when only 5,4% of people aged between
25 and 64 had a higher education diploma. Although most EU countries register an
increasing trend in terms of participation in higher education during the period under
review, the higher level of education is assigned to Ireland, which is at its peak in 2018,
when 46,9% of the population over the age of 25 graduated a form of higher education.

At the same time, in this descriptive analysis, we followed the variables’
interpretation by grouping the considered countries according to the EU accession criteria.
Thus, we considered two main categories: countries that joined the EU before 2004 (15):
Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy,
Luxembourg, the Netherlands, Portugal, Spain, Sweden and The United Kingdom, as well
as countries that joined the EU after 2004 (13): Bulgaria, Croatia, Cyprus, the Czech
Republic, Estonia, Hungary, Latvia, Lithuania, Malta, Poland, Romania, Slovakia, and
Slovenia. Following the application of the EU accession criteria, we found that, in the case
of Life expectancy at birth, GDP/capita and level of education, the average of EU veteran
states is higher than the average of countries that joined the EU structure after 2004. In
addition, the level of inequality among the EU veteran state is slightly lower, on average,
than that of new states, according to the average value of the Gini coefficient for the
considered period.

Table no. 2 The correlation between variables

ln lif~e 1ln _gdp~p 1ln_gini 1ln_educ

ln life e 1.0000
ln gdp cap 0.8105 1.0000
ln gini -0.221% -0.2827 1.0000
ln educ 0.4011 0.5276 -0.0133 1.0000

Source: Data processed by the authors through Stata Software

Table no. 2 shows us the correlation between our variables. It can be seen that the
highest level of this coefficient is present among life expectancy and GDP, proving the
strong connection between these two variables. On the opposite side, we can see the
weaker correlation between the Gini coefficient and education level. This does not raise
issues in our model because the education level shows an acceptable level of association
with the explained variable. Also, the education level has a normal correlation with GDP
per capita variable. Gini coefficient affects in a negative way all the variables in our model,
even life expectancy and GDP per capita have proven an unsteady correlation with the
explanatory variables. Nevertheless, this negative correlation between the Gini coefficient
and life expectancy may suggest the idea according to which greater inequality between
income can harm life expectancy.

The regression’s results
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To identify if this econometric model is valid, we perform the Fisher test (global
semnification test). In this case, we reject the hypothesis whose statement says that all
variables are not significantly different from 0. This test shows that the entire group of
independent variables in this model significantly affect our dependent variable. A separate
analysis of variables is performed using the Student test. The t-test is used to verify if the
variables are significantly different from each other. To determine if these variables are
different from 0 and also to determine if they have significant influence on the model, the
“p-value” must be smaller than the significance level (in this case 0,05). As we have shown
in Appendix 2, the variables GDP per capita, and education attainment have the p-value
smaller than 0,05, showing that these two variables are slightly significant to life
expectancy. On the other hand, the p-value of the Gini coefficient is 0,514, so it does not
influence the predicted variable. This fact does not lead us to exclude this variable from
our model, considering the theoretical importance it has in the equation. Also, the t-test
results regarding the Gini coefficient may be due to the fact that our database includes data
from EU countries, that do not experience severe income inequalities (as in countries from
Africa or even America, as numerous studies have shown) and neither a short life
expectancy.

One way to establish the importance of the Gini coefficient in this model, along
with the other variables, is the coefficient of determination. This coefficent reaches the
value of 0,9676, which tells us that the considered variables explain in proportion of
96,76% the movement of life expectancy variable, while only 3,24% is explained by other
factors. The “rho” indicator suggests that 93,66% of the variance is due to differences
between panels, and, because the “corr(u i, Xb)” indicator is negative, the hypothesis
which assumes that the error term is correlated with the explanatory variables is sustained.

5. DISCUSSIONS

Numerous researches have investigated the income inequality issue over time.
Smith (1996), Kennedy, Kawachi, and Prothrow-Stith (1996), Duleep (1995), and Kawachi
et al. (1997) were among those who testify that the substantial gap of income can
negatively affect people’s life expectancy. Another important point of view relates to
opposite results (that the revenue inequality and mortality are not correlated) if the analysis
is performed on countries with high degree of development. This represents one of the
problems which we have encountered in this paper, because the analysis was performed on
data from the European Union states. It is well known the fact that more than half of these
countries are highly developed, have an elaborate healthcare system, and a low-income
inequality. We have considered all of these issues and adapted the analysis to the current
circumstances so we can draw correct conclusions. Though, after some in-depth analysis,
Gerdtham and Johannesson (2004) conclude that regardless of the country’s level of
development, the mortality rate significantly decreases as the earnings increase.

Park et al. (2015), Ross et al. (2000), Deaton and Paxson (2001) analyzed the
connection between income and population status in developed countries, by considering
the impact of data from only one or two states. These studies results have shown that a
detailed examination, even on a micro-level, can demonstrate a strong correlation between
the above-mentioned variables.

There are also authors as Lochner et al. (2001), Wolfson et al. (1999), Fisscela and
Franks (1999), Kondo et al. (2009) who have not found any relationship between income
inequality and mortality, or, in other words, the results of their studies do not show a strong
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correlation among these two. Thereby, we can highlight the point that it is required to
adjust the collected data and include, in addition to actual analysis, a theoretical or a factor
of different nature. To make sure that we avoid this problem and in order to achieve clear
statistic results, we transformed our input into logarithmic data and introduced a dummy
variable. In this way, the regression’s result is not enough to prove the studied
phenomenon's impact, being necessary to connect the results with the literature.

In the articles where the writers have studied this phenomenon on a panel database,
Daly and Wilson (2011), Leigh and Jencks (2006) obtained similar results, in the sense that
the connection between the studied variables is not demonstrated in a very high proportion.
The correlation is weak and it cannot be sustained without theoretical support. Muller
(2002) has demonstrated the importance of education attainment regarding life expectancy
and income inequality. This conclusion is supported by the idea that a country which
invests more in human capital shows insignificant revenues variation between the
population. It is not surprising that education is significantly correlated with GDP per
capita.

Even though there are mixed opinions and different results from a study to
another, it is clear that the relationship between these two variables is deeply analyzed and
represents one of the biggest challenges of the XXI century, both economically and
socially.

6. CONCLUSIONS

Our study’s main objective was to analyze the influence which income inequality
exercise on population health status, in the member states of the European Union. If the
specialty literature as well as the existing research papers in the field, offers us support,
providing us with a consistent theoretical basis, from a statistical point of view our
regression results suggest that income inequality, measured by the Gini coefficient, is
negatively correlated with life expectancy at birth, and does not significantly influence our
dependent variable. However, this result is in line with the findings of the aforementioned
research papers, whose analysis shows that, mathematically, there was no demonstrated
influence or strong correlation between our two main variables: income inequality and life
expectancy at birth, respectively mortality.

Starting from the model built by Torre and Myrskyld (2011) and, inspired by the
study undertaken by Muller (2002), completing this model with a variable that captures the
level of education in a community, the present study has three main findings.

The first significant finding was also pointed out previously. Given the database
used, made up exclusively of EU Member States, income inequality, represented by the
Gini coefficient, does not affect life expectancy at birth.

On the other hand, the second finding is represented by the fact that the gross
domestic product per capita as well as the level of education, both influence in a significant
way our dependent variable, taking into consideration our model. The fact that these
variables influence the life expectancy of the population at a greater extent than income
inequality may be due to the fact that our analysis was performed on a relatively uniform
sample of countries, formed with mostly developed or developing states, where there are
no strong discrepancies regarding income inequality, so that investment in education and
the level of development of each state are the main factors that contribute to the
differentiation of life expectancy from one state to another. However, according to the
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Fisher test of global significance, as a whole, the variables considered in the model have a
significant influence on life expectancy at birth variable.

The third finding of the study is that the level of inequality in the veteran states of
the European Union is, on average, slightly lower, than in the case of the new states,
according to the average value of the Gini coefficient in the considered period, while the
GDP per capita, level of education and life expectancy at birth are, on average, higher in
EU veteran states, that joined the EU structure before 2004.

The main improvements that can be made to our current research state could
consist in a more in-depth analysis, focusing on the main regions of the Member States of
the European Union. However, the limitations we have encountered consist in the lack of
data for the considered variables at the regional level, especially for long periods. A more
detailed analysis, at the regional level of the Member States, could better capture the
influence of income inequality on mortality, given the fact that, in recent years, there have
been significant differences between the divergence of countries and those of regions in the
European Union: EU countries managed to converge, however, EU regions show
significant growing discrepancies. Nowadays, both regional convergence as well as
reducing such strong disparities between regions are considered to be the real challenges
the European Union has to face.
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