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Abstract

This study provides new evidence about the effects of income on population health. To do
s0, our first research question controls for the absolute income hypothesis: Has the recent
deterioration of individual income had as a result a lower health status in population across
European countries? We assume, as the bulk of the associated studies have found, that the
lower the income of an individual, the lower his/her health status. Our second research
objective is to examine the validity of the relative income hypothesis. To shed light on
this issue, we test two different questions: What is the relationship between an individual’s
health status and a country’s wealth and how self-rated health is associated with the degree
of income inequality in a society? We expect that the population in wealthier countries
report higher health status and individuals who live in countries with higher income ine-
qualities report lower health status. By employing a multilevel binomial model and treating
data from the latest European Social Survey Round 8 (2016/2017) from 23 countries in
Europe, we have found strong evidence in favor of the above-mentioned hypotheses.

Keywords Income inequality - Individual income - Self-rated health - Europe - Multilevel
modeling - Binary logistic regression

1 Introduction

The effect of income on population health has been variously studied across countries (Adler
et al. 1993; Babones 2008; Bakkeli 2016; Clarke et al. 2002). Evidence has shown that there is
a positive association between the income of an individual and his/her health condition. This
has been stated as the absolute income hypothesis in the wider literature that examines the
relationship between health and income (Ecob and Davey Smith 1999; Holstein et al. 2009;
Pickett and Wilkinson 2015; Wilkinson and Pickett 2006). Richard Wilkinson was among the
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first scholars who argued that one of the main determinants of population health is the degree
of income inequality in developed economies rather than the amount of individual income
per se (Wilkinson 1996, 1998). In the jargon of Wilkinson analysis, this refers to the rela-
tive income hypothesis and most of the related literature has indicated an inverse association
between income inequality and health: the higher the income inequality in a country, the lower
the health among its population.

Over the years, Wilkinson’s argumentation has received diverse criticisms about the tech-
niques of his methodology and its subsequent argumentation. The main body of criticism is
based on the argument that he has provided empirical evidence that “inter-country variations
in health are significantly linked to intra-country variations in income, but he did so by using
data that had been aggregated to the country level” (Jen et al. 2009, 643). This aggregate
methodology is potentially flawed because associations between population health and income
inequality can be deduced at the country level “even if there is no underlying relation between
the distribution of income and the risk of mortality at the level of the individual” (Gravelle
1998; Gravelle et al. 2002; Jen et al. 2009).

In order to shed fresh light on both the absolute and relative income hypotheses regarding
the effect of income on population health, we employ two binary multilevel logistic models
on data gathered from the 8th round of the European Social Survey (2016/2017). Our first
research question controls for the absolute income hypothesis: Has the recent deterioration of
individual income had as a result a lower health status in population across European coun-
tries? We assume, as the bulk of the associated studies have found, that the lower the income
of an individual, the lower his/her health status (hypothesis #1). Our second research objective
is to examine the validity of the relative income hypothesis. To do so, we are interested in pro-
viding evidence for two different questions: What is the relationship between an individual’s
health status and a country’s wealth and how self-rated health is associated with the degree
of income inequality in a society? We expect that the population in wealthier countries report
higher health status (hypothesis #2) and individuals who live in countries with higher income
inequalities report lower health status (hypothesis #3).

This study contributes to the widely explored literature of the absolute and relative income
hypotheses by evaluating the role of individual and contextual variables concerning the rela-
tionship between income and health. We use the latest available data from the European Social
Survey (ESS) Round 8 in order to control for new developments about income and health
in several European countries. While the results of this study confirm the absolute income
hypothesis, i.e. the higher the income of an individual the higher the probability of reporting
good health, the results about the relative income hypothesis can stimulate several discussions:
for instance, why among countries below the average Eurozone’s GDP an inverse association
between income inequalities and health exists while the contrary is observed among countries
above the average Eurozone’s GDP?

In the next section, we elaborate on the methods, i.e. datasets, sample, study design and
variables, we have employed to accomplish our study. Following that, we present our results
and discuss our contribution along the lines of the linked existing literature. The concluding
section summarizes our findings and suggests further research tasks.
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2 Methods
2.1 Data and Study Sample

We have used data from the 8th round of the European Social Survey (ESS) conducted in
2016/2017 and released on the 30th of May 2018 (this is the second edition of the ESS
Round 8 data). The dataset is a compilation of information from the following countries:
Austria, Belgium, Czech Republic, Estonia, Finland, France, Germany, Hungary, Iceland,
Ireland, Israel, Italy, Lithuania, Netherlands, Norway, Poland, Portugal, Russian Federa-
tion, Slovenia, Spain, Sweden, Switzerland and United Kingdom. Our sample consists of
44,387 individuals who are resident within private households, nested within 23 countries,
aged 15 and over. The ESS is a biennial survey across countries initiated in 2002 and its
main purpose is to track and decipher any sort of changes in public attitudes within Europe
regarding numerous institutions and policy areas (European Social Survey 2018). The min-
imum target response rate is approaching the 70%, while robust translation protocols are
used so as to ensure comparability across countries.'

In addition, we rely on two different datasets to gather data for our country level vari-
ables. The World Bank provides data for mean income across countries (World Bank
2018). We have used Gross Domestic Product (GDP) per capita in purchasing power parity
(PPP) for 2016 (GDP pc PPP from now on). In this respect, we follow the strategy of Jen
et al. (2009). GDP per capita is a measure of the final product of goods and services of an
economy divided by its population, including the residents and foreigners within a particu-
lar territory (typically, a country) for a given period of time. PPP represents price differ-
ences across countries allowing comparisons internationally. Income inequality is meas-
ured by the Gini coefficient, a widely accepted measure for this purpose (Dorfman 1979).
The Organization for Economic Cooperation and Development (OEDC) provides data for
income inequality across countries (OECD 2018). We have used the 2015 Gini coefficients
for Spain, Finland, United Kingdom, Israel, Lithuania, Netherlands and Portugal. For the
other countries of our sample, we have used their 2014 Gini coefficients (there are the most
recent available data for the GINI coefficients from the OECD databases; the differences
because the 2014 and 2015 GINI coefficients are negligible).

2.2 Response Variable: Self-rated Health

Self-rated health status is operationalized using the following question in the ESS ques-
tionnaire: “How is your health in general?”. The ESS respondents were asked to evaluate
their health condition based on five possible answers: ‘very good’ (1), ‘good’ (2), ‘fair’ (3),
‘bad’ (4) and ‘very bad’ (5). We have recoded our response variable into three categories
(very good/good health, fair health and very bad/bad health) and we have used ‘very good/
good’ as a base.

! Despite its careful construction as a comparative cross-national survey, the ESS suffers from non-sam-
pling errors such as frame errors, measurement errors, response and non-response errors and interviewer
errors (for a thorough discussion of non-sampling errors and remedies to mediate them see, for example,
at Groves et al. 2004; Lessler and Kalsbeek 1992; McNabb 2013). This sort of errors has an impact on the
results of our analysis. We provide a few arguments about how these errors affect the results of this study in
the discussion section.
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2.3 Explanatory and Control Variables

Our main explanatory variable is individual income (we have used the item ‘Total house-
hold’s net income’ in the ESS dataset). Income plays a central role in our analysis since
the three hypotheses of this study are guided by income differences and inequality among
countries. We have divided income into five categories to capture the variation among a
big number of income groups within countries. Our categories are from the lowest to the
highest income group as follows: 1&2 deciles, 3&4, 5&6, 7&8 and 9&10 deciles. The
European Union Statistics on Income and Living Conditions (EU-SILC) is one of the main
sources of the variable ‘income’ of the ESS (European Social Survey 2016—ESS8 Appen-
dix A2 Income ed.2.1).2 The income distribution per country is divided, by the ESS, in
deciles, which represent different income bounds for each country. For all countries, ten
different income categories have been defined, from the lowest to the highest income cat-
egory. These income bounds (i.e. categories) have been created by each country’s principal
investigators and, therefore, are different per country. For example, the 5th decile in Ger-
many, which is a rich country, is not the same as the 5th decile in Lithuania, which is a less
rich country. In this respect, it is obvious that the income variable presents ‘uneven distri-
butions of income scales across countries’ (Donnelly and Pop-Eleches 2018). Coupled with
that, many inconsistencies can be observed across countries concerning the questionnaire
that is used for the household income (Donnelly and Pop-Eleches 2018). For instance, the
definition of the household components may differ among the countries. As Hoffmeyer-
Zlotnik and Warner (2006) characteristically state, “In Germany, the household defini-
tion focuses on the common kitchen...In Italy, the household is defined by the common
atrium...In Luxembourg, the shared living room identifies the household unit” (Hoffmeyer-
Zlotnik and Warner 2006, p. 56). Therefore, controlling for the number of household com-
ponents can be a misleading approach given the different understandings of households
across countries. In more general respects, we fully recognize the problematic nature of the
variable ‘income’ in this sort of cross-national surveys, such as the ESS. In order to pro-
vide an analysis that is comparable to existing studies, we follow similar techniques from
other studies concerning the treatment of the income variable (look, for example, Jen et al.
2009 who have followed a similar approach; Alesina and Giuliano 2009).

In addition, we have controlled for numerous sociodemographic characteristics that are
available from the ESS dataset. From the existing literature, we have traced that the fol-
lowing variables may have an effect on population health: age (centered around the mean
which is 49.14 years), gender, education, welfare state performance and ever been divorced
or had civil union dissolved (Balaj et al. 2017; Jen et al. 2009; Kennedy et al. 1998).

The variable ‘age’ is calculated and centered around the mean so that more reliable esti-
mators of coefficients can be ensured ((Bell et al. 2018).% The relationship between ‘self-
rated health’ and ‘age’ is non-linear, because when we include a transformation of ‘age’
in its square format in our models, the results of the variables ‘age’ and ‘age square for-
mat’ are statistically significant (look at Table 2). We have proceeded to this transforma-
tion of the variable ‘age’, i.e. age square format, in order to improve the estimates of the
coefficients.

2 Available at: https://www.europeansocialsurvey.org/docs/round8/survey/ESS8_appendix_a2_e02_1.pdf,
accessed 26/3/2019.

3 Look, also, at the European Social Survey suggestions when preparing data for multilevel models’ analy-
ses at: http://essedunet.nsd.uib.no/cms/topics/multilevel/ch5/2.html.
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The variable education has been divided into three categories, i.e. low, medium and
high, based on ISCED 2011 (International Standard Classification of Education 2011)
(Eurostat 2016). ISCED 2011 has nine education levels and has been employed for all
EU data collections since 2014 (the ESSS is using this methodology). The ‘low’ category
contains: ISCED 0, ISCED 1 and ISCED 2. The ‘medium’ category contains: ISCED 3,
ISCED 4 and ISCED 5. The ‘high’ category contains: ISCED 6, ISCED 7 and ISCED 8.*

The label of the variable ‘welfare state performance’ stems from the ESS4 (Svallfors
2012). It has been constructed based on the following items of the ESS8 questionnaire:
item ‘gvslvol—Standard of living for the old, governments’ responsibility’; item ‘gvslvue-
Standard of living for the unemployed, governments’ responsibility’; and, item ‘gvclder—
Child care services for working parents, governments’ responsibility’.> We have employed
a Multiple Correspondence Analysis (MCA) technique to create this variable. MCA is an
extension of the simple correspondence analysis when there are more than two categori-
cal variables. It can be also deemed as a generalization of the principal component analy-
sis when the variables are categorical instead of numeric (Abdi and Williams 2010). The
Cronbach’s alpha value is equal to 0.68 and, therefore, is acceptable for the implementation
of the MCA. Finally, we have rescaled the values using a 0—10 scale so as to improve the
coefficients’ interpretation.

2.4 Country Level Variables

Except for GDP pc PPP and Gini coefficient, we have created a measure entitled ‘Euro-
zone’s threshold’, by centering each country’s mean income measures in GDP pc PPP on
the Eurozone’s mean income. Employing this threshold, we can assess whether there are
differences in self-rated health between countries above and below this sort of threshold.

In Table 1, we present the outcome, explanatory and control variables of this study, as
well as country level variables, and outline some descriptive statistics about them.

2.5 Statistical Modeling

We build two multilevel binomial models: ‘good/very good’ compared to ‘bad/very bad’
and ‘good/very good’ compared to ‘fair’. Taking into account the clustering of individu-
als’ responses nested within countries, we have a structure of a two-level binomial logistic
regression model. The binomial logistic regressions have been implemented using the sta-
tistical programming language R (version 3.4.3.) with maximum likelihood estimation pro-
cedure. In addition, we use the Akaike Information Criterion (AIC) for model comparison.

We handle missing data with listwise deletion (Bartlett et al. 2015). For both binary
multilevel models, we have built a series of models in order to test our hypothesis. Model 1
is the null model, in which there are no predictor variables in its fixed part, while the inter-
cept is allowed to vary between countries in the random part. The purpose of the null model
is to estimate the total pattern of self-rated health but also to assess the between-country

4 Look at: https://ec.europa.eu/eurostat/statistics-explained/index.php?title=International_%20Standard
_%20Classification%20_of_Education_(ISCED)#Correspondence_between_ISCED_2011_and_ISCED
_1997.

3 For the theoretical underpinnings of this variable construction, look at the European Social Survey 2016
round 8 Welfare Final Module Template: https://www.europeansocialsurvey.org/docs/round8/questionnaire/
ESS8_welfare_final_module_template.pdf.
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variation. Model 2 is an extension of the null model including all the individual predictors
in the fixed part. It provides estimations regarding the effect of individuals’ income and
countries’ classification on the self-rated level of health, controlling for all other individ-
ual characteristics. In the random part, the individual income variable varies at the coun-
try level and we estimate its effect for the different income groups: 1&2 and 3&4 deciles
have combined into a new group (low income) and 7&8 and 9&10 deciles have combined
into another one (high income). Level 5&6 has used as the reference group called middle
income. This model estimates the variation in health between countries that remains inex-
plicable after considering the individual variables.

At model 3, we have added our two country level variables: the Gini coefficient and the
GDP pc PPP. Model 4 expands model 3 by adding a cross-level interaction term between
income inequalities, as measured by Gini coefficient, and the individual groups of house-
hold’s total net income. This term shows us whether there is a relationship between income
inequalities across Europe and individual health and, at the same time, whether there is
variation of income inequalities on the self-rated health of people among different income
groups (Subramanian and Kawachi 2006). Model 5 extends further model 4 by adding the
fixed effect of a country’s wealth on individual health. In addition, two more interactions
have been inserted: the first one tests whether the mean income effect of each country dif-
fers for countries above and below Eurozone’s mean income and the other one whether the
income inequalities differ for countries above and below Eurozone’s mean income. The
average country income has been centered on the Eurozone’s GDP (42,059.77$), while the
Gini coefficient has been centered around the mean.

3 Results

In Table 2, we present the results of our models. Apart from the parameter coefficients
(beta), it also provides their standard errors, the Intraclass Correlation Coefficient (ICC)
and the AIC. By transforming the logits intercept estimates in Models 1a and 1b into odds,’
we have odds equal to 0.116 and 0.401 respectively. This means that the odds of some-
one reported himself/herself in bad/very bad health are 0.116 times the odds of someone
reported himself/herself good or very good in health. In addition, the odds of someone
reported himself/herself in fair health is 0.401 times the odds of someone reported himself/
herself good or very good in health.

Figure 1 shows the relation between individual income groups and self-rated health.
It depicts a very strong relationship for both models: people belonging to higher income
groups tend to report better health (i.e. the probability of reporting bad/very bad health
compared to reporting good/very good health is decreasing; same for the probability of
reporting fair compared to good/very good).” Our hypothesis #1 seems to be fully sup-
ported by our data analysis.

Figure 2 is providing evidence for our hypothesis #2: the relationship between the
wealth of a country and its population health has a positive association (i.e. the higher the
wealth of a country the higher the self-rated health of the individuals who reside in this

@ But, B is the odds, therefore coeffi-
(1-p) (1-p)

cient=1log(odds). If we raise the coefficient in e, namely e“*¢/icien = odds.

® The beta coefficients in Table 2 are equal to log

7 The graphs represent probabilities according to the ‘Effect’ R package’s documentation (Fox 2003).
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Fig. 1 Error bar between self-rated health and household’s total net income
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Fig.2 Mean income effect for countries below and above Eurozone’s threshold

country). We view that, in both groups of countries, the probabilities of reporting either
bad/very bad health or fair health are decreasing as a country’s wealth is increasing (Fox
2003). Our hypothesis is fully supported.

Our hypothesis #3 suggests that individuals who live in countries with higher income
inequality tend to report lower rates of health. Following Wilkinson’s analysis, this is evi-
dent in developed countries and not in countries which have a high GDP level (he argues
that the respective level is 10 k per capita). In our sample, we do not study individuals who
belong in developed countries, because all ESS countries, participating in this survey, are
well above Wilkinson’s threshold of 10 K.
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Fig.3 Income inequality effect for countries below and above Eurozone’s threshold

In this respect, we cannot provide comparable results to studies testing the Wilkinson
hypothesis. However, we assume that individuals belonging in countries which are below
the Eurozone’s average GDP levels, most probably, will have the tendency to report lower
health statuses compared to individuals who belong in countries which are above the Euro-
zone’s average GDP levels. We proceed to this differentiation in order to trace any trends
between income inequality and health in two different groups of countries: i.e. those below
Eurozone’s GDP average and those above Eurozone’s GDP average.

Figure 3 shows the relationship between income inequality (as measured by the Gini
coefficient level) and self-rated health status. For the group of countries below the average
GDP level, we observe that the probabilities of reporting either bad/very bad or fair health
compared to good/very good are increasing as the level of income inequality is increasing.
This entails that individuals tend to report lower levels of self-rated health within countries
with higher income inequalities in this group of countries. On the contrary, for the group of
countries above the GDP average, we observe that the higher the level of income inequality
the higher the status of self-rated health (the probabilities are decreasing). Our hypothesis
seems to be partly proved: individuals in the group of countries with lower GDP as com-
pared to the ones residing in the group of countries with higher GDP tend to report lower
levels of health when income inequality is rising.

4 Discussion

The results of our analysis show a clear positive association between individuals’ income
and health status: the higher the income of an individual, the higher his/her health status
(look at Fig. 1). Therefore, the absolute income hypothesis is confirmed by our sample
analysis. The relative income hypothesis has been partly supported by the results of our
study. We have investigated two hypotheses in the wider framework of the relative income
literature: (a) the relation between the level of income of a country (i.e. the wealth of a
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country) and population health and (b) the level of income inequality in a country and
population health.

For the former, we observe a positive association between the wealth of a country and
population health: for both group of countries and for both our models, the higher the
wealth of a country, the higher the self-rated health of population (look at Fig. 2). We fur-
ther observe though that, in countries below the GDP average, wealth has a considerable
impact on individual health conditions: the line is steeper compared to the one of the group
of countries above the GDP average. This finding may suggest that an increase in the level
of GDP may have a considerable positive effect on population health.

For the latter, for both our models, there is a mixed picture regarding the relationship
between income inequality and population health. For the group of countries below the
GDP average, the higher the income inequality, the lower the self-rated health of popula-
tion; whereas, for the group of countries above the GDP average, the higher the income
inequality, the higher the self-rated health of population (look at Fig. 3).

We recognize the limitations of our analysis. A cross-sectional study in a sample of
23 countries belonging to the wider geographical area of Europe, with quite similar char-
acteristics concerning their sociodemographic structure cannot be considered as the ideal
sample for the assessment of the effect of income level and income inequality on health
population. Given this limitation, we have tried to mitigate the problematic nature of our
sample by employing a multilevel modelling technique in order to examine contextuality at
both the individual and country level and, coupled with that, to explore trends both within
and between countries. Our small sample cannot be compared to studies with larger sam-
ples of countries that are going beyond the limited geographical region of Europe (see, for
instance the analysis of Jen et al. 2009 for a global analysis with similar research objec-
tives). However, our analysis is providing evidence for a small set of countries with quite
similar sociodemographic characteristics. This entails that our findings have a robust inter-
pretation given the homogeneity of our sample under investigation.

The most serious shortcoming of this analysis is the quality of the variable ‘income’ and
how it is measured across countries. Several proposals have attempted to mediate this prob-
lem (look, for instance, Donnelly and Pop-Eleches 2018) so that researchers and analysts
can obtain reliable measurements of income and make cross-national comparisons. The
most frequent problem of the variable ‘income’ is the intensity of the missing responses
about this variable in the ESS (and in similar cross-national surveys such as the World
Values Survey and the International Social Survey Programme). Missing items (a type of
a non-response error) reduce the available data and, therefore, the quality of the outcomes
of numerous analyses (Molenberghs et al. 2004). Similarly, income questions increase the
tendency of respondents to provide incorrect or social desirable answers (i.e. social desira-
bility bias). Response errors, also, affect the quality of the results in cross-national surveys:
for the case of ‘income’ variable, respondents frequently cannot report the correct values
(respondent error) and/or interviewers either cannot report the accurate values (interviewer
error). Likewise, instrument errors are quite strong in such surveys across countries: do the
same instruments are used to measure the variable ‘income’ (measurement errors)? Finally,
coverage errors are an important source of bias in cross-national surveys since there is a
significant failure of coverage of all components of the population to be included in a study.
This entails that major parts of the population are not providing information in the analy-
ses (under-coverage) or, on the contrary, some portions of the society provide analogically
more information compared to the total population (over-coverage).

Therefore, numerous sources of non-sampling errors based on income-related questions
can affect the results of this analysis. While we are aware of the aforementioned problems,
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the ESS database still comprises a valuable source of data from which we can trace citizens
behavior for numerous social phenomena, such as health status and its relation to income.
Despite the clear association of sociodemographic variables on health, this bunch of
variables cannot alone explain differences or similarities across countries. Future endeav-
ors should focus on additional variables, such as psychological factors, environmental
trends, food and life habits related to health, access to healthcare services, to name but a
few, that may have an effect on population health (Eikemo et al. 2008; Moore et al. 2006).
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