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1 Introduction

The economic crisis in Europe casts its shadow on the entire continent, with hardly foreseeable con-
sequences. What is certain is the damage already dealt: with unemployment at historic heights and
declining growth rates, an entire generation feels the impact of past structural mistakes and current
policy measures. Any effect of the crisis on our economy can impossibly be isolated. Sluggish growth
in combination with substantial public debt may require an equally substantial structural adjustment,
the consequences of which may stretch to any part of the public sector and beyond. Investments in
education, public administration, and social benefits are under scrutiny. Which effect does cutting
them have on our generation?

In light of the crisis, in this thesis, we focus on the relationship between economic change and health.
To approximate the link, we analyse the effect of unemployment and household income on both all-
cause and cause-specific mortality rates. Incorporating the latest data, we perform a cross-country,
regional analysis and find that increases in unemployment are associated with decreases in mortality;
increases in household income are associated with increases in mortality. While the results do not differ
for national versus regional analyses, performing our study on a regional level increases the significance
of our results. A "crisis effect" does not seem to be present; the impact differs between regions in
different income brackets across, but not within countries.

Most notably, we find that an increase in unemployment by one per cent is associated with a decrease
in all-cause mortality by -0.0152 per cent. More unemployment may lead to lower death rates due to
a healthier lifestyle (e.g. more walking outside and less stress) and less work-related traffic accidents.
A one per cent increase in household income is associated with an increase in all-cause mortality by
0.1145 per cent. Furthermore, the positive linkage between household income and all-cause mortality
may be due to what can be described as the "cost of wealth". Higher household income may lead
to higher discretionary expenses on unhealthy products such as alcohol and richer food that decrease
health. We further split up mortality into cause-specific mortality groups and find that mortality due to
cardiovascular diseases is significantly affected, while mortality due to cancer is not. This might be due
to long-term diseases such as cancer being less affected by unemployment and household income than
those potentially more closely tied to stress levels and lifestyle habits such as cardiovascular diseases.
Increases in household income are associated with decreases in suicides in the Portugal, Ireland, Spain,
and Greece (PISG) countries. Increases in unemployment are accompanied by falling death rates due
to external causes and traffic accidents.

After conducting an analysis on all-cause and cause-specific mortality, we proceed to a more detailed
analysis of the determinants of the link between unemployment, household income, and mortality. This
way, we shed light on which regions in Europe are affected in particular. We differentiate between long-
and short-term unemployment, analyse whether a "crisis effect", a disproportional impact during crises,
exists and perform a quintile analysis across income brackets. Long-term unemployment has a more
significant impact on (cause-specific) mortality rates than short-term unemployment. Little difference
exists between the effect of unemployment and household income on (cause-specific) mortality rates
between crisis and non-crisis regions, disproving our hypothesis of a "crisis effect". Income-related
differences in mortality rates seem to be driven by cross-country rather than within-country regional
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differences. Increasing discretionary income in poorer income regions may lead to increased expenses on
harmful lifestyle habits whereas this happens less in higher income regions across countries. Potentially,
increased education or the already higher absolute level of expenditures on higher lifestyle habits in
regions with higher income could be a reason for this. Increased discretionary income in relatively
poorer countries may lead to higher expenses on harmful lifestyle habits, whereas this happens less in
higher income countries.

The data we incorporate is for the time period from 2000 to 2010. This enables us to look at two
periods of economic hardship and provides a substantial amount of data. Our analysis extends to nine
European countries, encompassing 187 sub-national regions. The countries included in our analysis
are Germany, Austria, Belgium, the Netherlands, Sweden, Ireland, Portugal, Spain, and Greece. This
enables us to look at both cross-country differences as well as structural differences between Northern
and Southern Europe. The selection further encompasses all those European countries most heavily
struck by the economic crisis (with the exception of Italy due to lacking data).

We employ a fixed effects model using time dummies to control for general linear time trends. In
a second step, we also control for region-specific linear time trends and include a lagged dependent
variable (which will not be employed in more detailed specifications). We incorporate and compare four
different definitions of crisis: An output recession, mass unemployment, as well as a deviation in regional
unemployment by more than one standard deviation from either the national or the regional mean
unemployment. To analyse whether households in regions with lower incomes are disproportionally
affected, we divide the regions in our sample into quintiles based on household income both across
as well as within countries. We interact these quintiles with unemployment and household income to
estimate a potential impact of unemployment and household income within the quintiles.

Our motivation for this research is twofold. Being part of a generation that in some European
countries is considered "lost" - and studying together with fellow students from all over Europe - is
certainly one of the main reasons for our curiosity about the effect the crisis has in particular. Moreover,
our genuine interest in health economics and policy, combined with the ambiguity of and debate
around this particular topic, sparked our interest. Policy makers aiming to decrease unemployment
and increase income need to bear in mind that more prosperity might be associated with deteriorated
health. These effects are mostly driven by long-term unemployment and occur in relatively poorer
income groups across Europe. Policy makers should hence be particularly aware of negative health
effects when working to improve unemployment or household income in these regions or via long-term
unemployment.

In economic research, the relationship between economic change and health has been subject to an
on-going debate and came to light more publicly during the current crisis due to the many announced
budget cuts and health system reforms. Many fear that these cuts may severely impact people’s health:
"In an effort to finance public debt, ordinary people are paying the ultimate price: losing access to care"
(Kentikelenis et al., 2011, p. 1458). However, the relationship is less clear-cut as one could assume:
"[H]ealth improves when the economy temporarily deteriorates" (Ruhm, 2000, p. 617). How exactly
economic downturns influence people’s health is not clear-cut: not only the economic channels that
influence health, but also the health aspects of people actually influenced by the economic situation are
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debated. The effect may differ across countries and has, to our knowledge, not been compared on a sub-
national level across countries. The economic indicators most frequently used include unemployment,
Gross Domestic Product (GDP) per capita, and household income. Common health variables include
morbidity, infection, mortality rates, and in a few cases, self-reported health or mental health. For some
analyses, this debate boils down to the availability of data, which in many cases are not comparable
across country borders and hence can be a threat to the external validity of the estimations conducted.

Our hypotheses tie closely to this debate: we investigate the direction of the influence of unemploy-
ment and household income on both all-cause and cause-specific mortality. Our aim is to also analyse
regional differences and understand the impact a crisis may have on the relationship. It may further be
the case that regions within different household income brackets are impacted differently than others.

This thesis extends the research frontier in four dimensions: In terms of geographic fragmentation,
it is the first cross-country regional analysis of the impact of unemployment and household income
on mortality. We also introduce two new relative definitions of crisis that specifically take regional
characteristics and their relation to a national context into account. Moreover, we split up cause-
specific mortality rates due to external effects, separating suicide and homicide rates as well as deaths
due to traffic accidents from the aforementioned group and analyse two rather than one economic
indicator. Lastly, we include the most recent data available.

The internal validity of this study may be limited by omitted variable and reverse causality biases;
the former we account for methodologically as far as possible whereas to examine the presence of the
latter, micro-level data would be necessary. The external validity of our analysis may be limited for
countries that are structurally very different fromWestern European countries. The detailed geographic
fragmentation we employ limits data availability to a certain extent. Furthermore, our results are not
fully stable across crisis definitions, which proves the additional value inherent in introducing them,
but limits comparability. Lack of availability of control variables on a regional level is one of the main
challenges of this thesis; we further would have liked to also analyse morbidity instead of mortality only.
Lastly, performing this study in a few years and including lagged regressors might provide interesting
insights on long-term effects.

Future research could look into a geographic extension of the study by including a third country
group or performing the analysis on a set of completely different countries; moreover, employing the
crisis definitions introduced in this thesis or other definitions of crisis relative to a regional/country
benchmark in other studies has the potential to provide valuable information about regional versus
national crisis effects. An interesting extension of our study would be to include more control variables
and/or morbidity as well as health expenditures. Performing a similar study on the same regional data
in the future might provide insights on long-term effects.

This thesis is structured as follows: Section 2 introduces the literature and our hypotheses. Section
3 gives an overview over our dataset and the variables we employ. Section 4 outlines our estimation
strategy. Section 5 presents our results; in Section 6, we interpret and discuss our results, outline the
limitations of our work and critically reflect about our methods, depict potential policy implications
and point towards opportunities for future research. Section 7 concludes.
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2 Literature Review and Hypotheses

In this section, we give an overview over developments in the literature on how economic change can
influence public health. First, we outline the most important broad analyses towards economic crises
and health. Second, we split our analysis up by geography and look at Europe in general and Northern
and Southern Europe in particular, differentiating by health insurances systems. Third, we categorise
the literature by parameters used to describe the relationship between health and economic change.
At the end of this section, we outline the hypotheses that are the result of our literature research and
guide our work.

2.1 Public Health and Economic Change

The link between economic trends and changes in public health is well-established: the World Health
Organization (WHO) has, at various occasions, underlined the importance of this connection (WHO,
2009a,b). The Organization for Economic Cooperation and Development (OECD) seconds this (Mor-
gan and Astolfi, 2013; Scherer and Devaux, 2010). While the effect’s existence is almost unquestioned,
its direction, extent, and the channels through which it works are a matter of frequent debate. The
latter point is reflected in Common Parameterisations. While it seems intuitive to assume that neg-
ative economic trends reduce public health, there also exists a substantial body of evidence towards
the opposite: hypotheses that more free time and reduced income could lead to healthier habits (for
example, walking rather than taking the car, eating healthier) have recently gotten support from evid-
ence by Ruhm (2000, 2005). The author finds that total mortality and some causes of death exhibit
economic pro-cyclicality and, in a second study, observes that obesity and smoking increase during
economic upturns. Moreover, decreased economic activity could reduce the number of traffic accidents
and work-related injuries. However, using the same dataset, Economou et al. (2008) do not find evid-
ence for a positive effect of economic downturns on health, but to the contrary observe a negative
one. In general, the relationship between income and health is a complicated relationship. It is widely
accepted that poverty is associated with a greater risk of premature mortality and higher morbidity
(Marmot, 2002). However, at low levels of Gross National Product (GNP), higher income corresponds
to a large decrease in mortality, whereas the effect levels off at higher levels of income comparing
across countries. Additionally, within rich countries, it has been documented that higher income leads
to lower mortality, though effects are smaller when accounting for education. Income may be im-
portant for health due to lower incomes being linked to material deprivation, less control over one’s
life and the future reducing optimism, and less opportunity for social participation (leading to more
stress) (Marmot, 2002). Still, the link between wealth and health is not always positive. It has been
documented extensively inter alia by the WHO and James (2008) that diseases such as obesity and
diabetes are far more prevalent in higher-income countries than in lower- or middle-income countries.
Then again, for rich countries, prior research finds evidence that poor health due to obesity, diabetes
and sedentariness is higher among the poor (Levine, 2011).

Hence, the way in which economic change (mostly via unemployment and income) relates to health
may not be as clearcut as it seems at first sight. As the majority of the literature on the topic
finds a negative impact of economic downturns on health, the following section will focus more on a
perspective in which there is a counter-cyclical perspective on the relationship between the state of the
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economy mortality; we do however also include pro-cyclical examples as well to provide a somewhat
more balanced view. Moreover, the literature on the topic is extensive; hence we aim to give diverse
examples rather than provide an overview as complete or detailed as possible.

Murphy and Athanasou (1999) analyse sixteen studies of the effect of a change in employment status
on mental health - separated in a positive effect of gaining and a negative effect of losing employment
- and find many of them to support the existence of a relationship. Catalano (2009) puts this into
the context of the current economic crisis and finds strong correlation between job loss and clinical
and subclinical depression, anxiety, substance abuse, and antisocial behaviour. Workers with historical
illness records may affect their health-related behaviour in two ways when competing for scarce jobs
during economic downturns: Those whose absenteeism is due to risk-taking behaviour (e.g. alcohol
abuse) may try harder to control themselves; those with chronic illnesses may work in spite of their
illness, further decreasing their health. One potential limitation identified in particular with regards
to mental health is a potential selection bias: Those with unstable mental health might be the first to
loose their jobs. Another interesting study by Roelfs et al. (2011) provides fairly recent evidence across
a variety of countries and time periods in a meta-analysis that unemployment is indeed associated with
an increased mortality risk for those employees that are in the early or middle stages of their career,
but that the effect is reversed in their late-career.

Further literature focuses on the impact of crises on nutrition and food consumption in the context
of health. In crises, food prices tend to rise and household incomes to decline. Brinkmann et al.
(2010) assess the impact of changes in diet frequency and diversity on nutritional status and health
globally. They find a negative relationship between food prices and health for various countries and
that households decrease the quality of their food intake first, then the quantity. Cutler et al. (2002)
examine the impact of economic downturns on mortality for various time frames in Mexico and find
a significant impact of lower household incomes and, to a lesser extent, an increased burden on the
medical sector. Furthermore, according to the authors, this effect is more pronounced for the very young
and the elderly. Contrary to Catalano (2009)’s hypothesis, they do not find evidence for reduced health
due to economic crises forcing less healthy people to work. Walberg et al. (1998) analyse the effect of
the 1990-94 economic crisis in Russia and conclude that not mere impoverishment, but an interaction
of various socioeconomic factors lead to substantially increased rates of mortality, alcohol playing a
major role. They further find effects for men and women to be highly correlated. The former is an
important finding also in the context of our work: while finding an effect of economic determinants on
public health is what we strive for, policy recommendations will always have to take a more holistic
perspective. Garfield and Santana (1997) assess the impact of the US embargo on Cuba at the end of
the 1980s and the beginning of the 1990s, finding declining nutritional status and increases in violent
deaths as well as infectious disease prevalence. However, they find a significant impact on mortality
only for men, contrary to Walberg et al. (1998). Lastly, Paxson and Schady (2005) find a significant
impact of public (and potentially, private) health expenditure on infant mortality in Peru during the
late 1980s, leading to an estimated 17,000 more children dead than without a crisis.
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2.2 Crises and Public Health in Europe

The current economic crisis has had a particularly strong impact on Europe. Affected member states
of the Eurozone have no possibility to devaluate their currency and face increasing interest rates
on their public (and private) debt as well as declining exports, increasing unemployment rates, and
decreasing economic activity in general. Alexander et al. (2011) quantify the cost of economic crises
in terms of human lives and find that crises increase infant mortality in the OECD European region.
Economou et al. (2008) find similar results for unemployment rates on mortality across countries
within the European Union (EU). One has to acknowledge stronger existing socioeconomic protection
mechanisms which can significantly cushion absolute effects (Karanikolos et al., 2013). Stuckler et al.
(2010) find that increased social spending reduces all-cause mortality. The authors further show that
a reduction in employment rates and other economic data (GDP per capita, hours worked, and others)
can affect cause-specific mortality rates in Europe.

The financial crisis of 2008 has led to what is now known as the European economic crisis that
still casts its shadow over economically weak countries in Europe, mostly in the south. The following
subsections briefly outline the research that has been done so far specifically on countries in Northern
and Southern Europe.

2.2.1 Northern Europe

We divide the literature discussion about the relationship between health effects and the state of the
economy, as measured in business cycles or changes in unemployment, according to the countries’ re-
spective insurance system. Although there are differences between the basic models of health insurance,
this categorisation is widely accepted in the literature.

Bismarckian. In the Bismarckian system, welfare programmes are often related to the earnings
and are administered by the employer (Bambra and Eikemo, 2009). The role of the family is important
and the redisitributive impact is minimal; the role of the market in this basic health model is marginal.
Countries such as Austria, Belgium, Germany, and Switzerland fall into this category. Evidence for
the link between health and economic development is somewhat ambiguous. Neumayer (2004) finds
evidence in support of Ruhm’s original analysis in the sense that after controlling for state-specific
effects, aggregate mortality rates are lower in recessions as measured by state unemployment rates (and
robustness tests with growth rates of real GDP as key variable provide similar results). However, when
not controlling for invariant state-specific effects, the results are reversed and he finds a counter-cyclical
pattern between mortality rates and business cycles. This leads the author to suggest that counter-
cyclical patterns may be due to Omitted Variable Bias (OVB). Huber et al. (2011) find somewhat
contradicting results when investigating the health effects of transitions from welfare to employment
and assignment to welfare-to-work programmes. They find that entering employment has a positive
effect on health mainly via an increase in mental health due to more self-esteem, a higher sense of
purpose and belonging, more social recognition, better self-perception and higher life satisfaction. This
again suggests a positive relationship between employment and health. An interesting study by Gordo
(2006) adds to the literature by separating the effect that short- and long-term unemployment have
on health. The author finds evidence that in Germany, short-term unemployment negatively impacts
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health satisfaction only for men, whereas it does not negatively impact health satisfaction for women.
Long-term unemployment however has a negative relationship with health for both men and women.
Another study that addresses the reverse causality issue between health and unemployment focuses on
the short-run effect of involuntary job loss in the event of plant closure in Austria (Kuhn et al., 2009).
The authors argue that this prevents reverse causality problems, since job displacements due to plant
closure are unlikely to be caused by pre-existing differences in health status. Their findings indicate
that although overall medical expenditures do not increase substantially due to job loss, prescriptions
on mental health problems (for men) such as anti-depressants increase significantly. Furthermore,
sickness benefits strongly increase in case of to job loss indicating that unemployment is a costly public
expenditure that might also be driven by mental health problems.

Scandinavian. The Scandinavian welfare regimes generally offer the highest social protection to
their citizens. The state intervenes more than in the other welfare regimes and is generous on social
transfers and income protection (Bambra and Eikemo, 2009). Via governmental redistribution, the
state promotes social equality of the highest standards. Most evidence with regard to the topic at hand
is rendered on Sweden, although results are not completely consistent. Micro-level data by Gerdtham
and Johannesson (2003) render evidence that although unemployment significantly increases the risk
of mortality, it only does so via suicides and "other diseases", but not via for example cardiovascular
diseases, contrasting other analyses. Gerdtham and Johannesson (2005) extend the evidence on a
counter-cyclical relationship between business cycles and mortality risk, however cause-specific results
are somewhat different in this research as mortality due to cardiovascular diseases, cancer, and suicide
are significantly impacted. Åhs and Westerling (2006) conduct another study on Sweden, finding
a significant impact of unemployment on suicides and that the mortality risk among those without
employment, the retired or those on temporary disability pension was higher mostly due to suicides.
Svensson (2007) finds contradictory evidence: The effect of business cycles is insignificant on myocardial
infarction rates in Sweden. Nonetheless, the author finds a significant counter-cyclical effect on average
for those people between 20 and 49 (prime working age). Certain authors also focus more detailedly on
specific health risks due to unemployment: Bjarnason and Sigurdardottir (2003) find evidence across six
Northern countries that leaving unemployment leads to less distress, a psychological factor that could
have an impact on mortality. Reine et al. (2004), too, focus on psychological health and determine
that long-term unemployment and poor psychological health are linked especially for younger people.
More recent evidence also points in the direction of unemployment increasing mortality risk as Lundin
et al. (2010) demonstrate in their study. However, Böckerman and Ilmakunnas (2009) provide micro-
level data evidence from Finland that unemployment does not necessarily decrease health as they
find that becoming unemployed does not have an impact on self-assessed health. Hence, although
most Scandinavian evidence points towards a counter-cyclical relationship between business cycles and
health (usually proxied by mortality risk), there are some that contradict this stance.

After reviewing the literature for the Northern part of Europe with a focus on Bismarckian and
Scandinavian countries due to the countries selected in this research, in the following section we in-
vestigate the literature for Southern European countries in more detail.
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2.2.2 Southern Europe

The Southern European countries have been struck harder by recent economic hardships. This could
result in a pronounced impact of changes in unemployment and wealth on health particularly in the
Southern countries. Furthermore, some suggest that relative inequalities in health due to socioeconom-
ics status (such as unemployment) should be larger in these countries (Kunst et al., 1998). Not only
do these countries differ in their economic climate, but also in their insurance systems. Bambra and
Eikemo (2009) describes the insurance systems in Southern Europe as "rudimentary", characterised
by a fragmented system of welfare provisions, ranging from meagre to generous welfare contributions.
Furthermore, reliance on family income to compensate for partial coverage is also a prominent feature
of these insurance systems.

Greece. According to Fahy (2012), Greece has one of the lowest levels of health system expendit-
ures compared to other EU countries. These expenditures fell by 23.7 per cent between 2010 and
2011 (Kondilis et al., 2013). Policy measures taken by the Greek government, many of these on re-
commendation of the Troika consisting of EU, International Monetary Fund (IMF), and European
Central Bank (ECB), include cuts in minimum wages (reducing households’ disposable income), cuts
on health spending and wages in the public/health sector, job reductions (150,000 between 2011 and
2015), reduced public spending on pharmaceuticals, and other measures (Karanikolos et al., 2013).
Kentikelenis et al. (2011) analyse the impact of the economic downturn in Greece on health, combining
socioeconomic data obtained from Eurostat, the European Commission (EC)’s Directorate-General re-
sponsible for statistical information and methods, with a survey on health and living conditions. They
find significant supply constraints (long waiting times, travel distance to care, etc.) to be the reason
for an overall decline in health care coverage. They further link this to a decrease in public health they
find in early indicators (survey and statistical data were obtained for the years 2007 and 2009), such as
public versus private hospital admissions or self-reported health, as well as suicides and HIV infections.
Karanikolos et al. (2013) also report rising mortality rates, reduced access to care, and an increase in
the prevalence of mental diseases. Economou et al. (2011) report a 36 per cent increase in the number
of people who attempted suicide between 2009 and 2011; they further link this to individual economic
distress and find a significantly higher proportion of increasingly distressed people having attempted
suicide. Lastly, Kondilis et al. (2013) find increases in homicide and suicide rates in Greece between
2007 and 2009, while the utilisation of public primary care and inpatient services rose by 21.9 per
cent and 6.2 per cent, respectively. Kentikenelis and Papnicoas (2011) stress the importance of this
imbalance of increasing demand versus reduced supply. They further point out that its "administrative
weakness" (Kentikenelis and Papnicoas, 2011, p. 5) constrains the Greek public health system further
and argue that vulnerable groups of the society need special protection.

Portugal. According to Augusto (2012, p. 400) Portugal’s 2012 national health budget was the
toughest in decades with a significant potential to harm people’s health. In an exploratory work,
Barbosa (2012) studies regional discrepancies of demand and supply for health care within Portugal.
His results point towards a disproportionate allocation of public funds towards health care in socioeco-
nomically advantaged regions. Having to save AC670 million as stipulated in the agreement between
troika and Portuguese government, the state cuts spending on drugs and health workforce and in-
creases user charges (Karanikolos et al., 2013). According to Santana (2000), historically, access to
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health and long-term care has been unequal in Portugal. Hence, the measures taken lately may most
likely adversely affect the poor, and disproportionately so (Augusto, 2012).

Spain. After the conservative People’s Party won not only the national, but also many regional
elections in 2011, health budgets in Spain are under revision and cuts may affect people’s health
(Garcia Rada, 2011). According to Karanikolos et al. (2013), the number of hospital beds has been
substantially decreased and co-payments for drugs introduced for pensioners. A royal decree (bypassing
parliament) was issued in April, 2012, moving health insurance from universal to employment based,
effectively subjecting millions of illegal immigrants to emergency care only. Gili et al. (2012) examine
the impact of the European economic crisis on the mental health of the population in Spain. Using a
randomised sample of outpatient consultations, they find one third of the risk of the overall population
developing mental health issues or abusing alcohol to be associated to household unemployment and
mortgage repayment difficulties - indicators of economic crises - and conclude that the recession has
substantially elevated these risks. Hence, previous evidence of mortality rates increasing pro-cyclically
(meaning that mortality rates decrease in an economic expansion when unemployment decreases)
rendered in particular by Granados (2005) with respect to the period 1980-1997 might be different in
more contemporaneous periods.

The effect of economic crises on public health has been analysed in sufficient breadth and depth
to argue in favour of the existence of a negative impact of crises on health in general. In the light
of the recent economic crisis, Southern Europe seems to be particularly affected. Evidence from the
reviewed literature points towards a negative effect via different channels; furthermore, these channels
may differ not only according to the research method used, but also the countries analysed. Most
authors focus on one particular country of interest; the few cross-national studies that exist employ
national data, which are much more rapidly and easily available. However, we show below that it is of
utmost importance not only to look at national, but also at regional comparisons, as people living in
some regions within one country may fare much better than others, be it due to the composition of the
population or the economic strength of one particular region. Moreover, to identify potential national
effects as well as to derive appropriate policy advice, it is of interest how comparably poor regions fare
in different national settings.

2.3 Common Parameterisations

Historically and recently, various parameters in both the economics and health domains have served
to analyse a potential link between economic development and public health. This subsection gives a
brief overview over those frequently applied.

On the economic side, GDP growth and changes therein, severity of recession (Alexander et al.,
2011), deviation from the GDP trend, industry capacity utilisation, industry confidence indicators,
notification rate of job loss (Gerdtham and Johannesson, 2003) unemployment (Economou et al.,
2008) and employment rates, changes in working status, household and/or personal income, and public
expenditure on health (total or as per cent of GDP; overall or per capita) have been used in analyses.
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In the health domain, mental health (Gili et al., 2012), (infant) mortality rates (Economou et al.,
2008; Karanikolos et al., 2013), hospital bed density and/or number, cause-specific mortality, in particu-
lar of cardiovascular or hypertensive diseases, suicide (Karanikolos et al., 2013) or homicide, (Economou
et al., 2008) infectious disease prevalence (in particular HIV/AIDS (Karanikolos et al., 2013)), length
of hospitalisation, medical technological change (for instance proxied by in-patient care admissions),
employment levels in the health sector, self-perceived health, substance abuse (drug, alcohol, tobacco
consumption (Economou et al., 2008)), nutrition, diabetes prevalence (as consequence of poor food
consumption habits), and obesity were included in impact assessments.

Some authors consider education, government social spending, population density/urbanisation
(Economou et al., 2008), and poverty rates to have an indirect effect. Furthermore, a number of
other socioeconomic factors such as immigrant status and marital conditions have frequently been
examined (Gerdtham and Johannesson, 2003). This list is by no means exhaustive, but shows how
extensive researchers have made use of available data for different countries to find out via which
channels economic crises can affect public health.

2.4 Common Methods

To embed our research in a methodological context, we provide a short overview over the methods
applied to analyse the link between economic development and public health. They include descriptive
and correlation analyses (Portela and Thomas, 2013) as well as more advanced identification strategies:
Statistical estimation strategies employed range from Ordinary Least Squares (OLS) via Fixed Effects
(FE) (Economou et al., 2008) and multivariate logistic regression models (Gili et al., 2012) to the
development of indices capturing health inequality in countries in order to make outcomes comparable
across borders - without having the same data available for all countries (Mackenbach et al., 2008)
as well as quantile regression models (Alexander et al., 2011). However, as most analyses compare
countries or populations with somewhat similar characteristics, the most commonly applied model is
the FE model. In the following, we briefly outline an FE model, as well as a multivariate logistic
regression model as examples of how the association between health and economic change is being
analysed.

Economou et al. (2008) employ a FE model, controlling for time-invariant characteristics within
countries. They use lifestyle risk factors, urbanisation, and medical intervention indicators as control
variables and find that adverse economic conditions do have a significant negative impact on health.
The dependent variable is age-standardised mortality rates; the primary independent variable is the
unemployment rate. Economou et al. control for education, population density, as well as lifestyle
factors such as cigarette and alcohol consumption, as well as obesity. They then analyse the effect
of unemployment on seven different age-standardised causes of mortality (ischaemic heart diseases,
cancer, malignant neoplasms, motor vehicle accidents, homicide and purposeful injury, suicide and
self-inflicted injury, as well as infant mortality) and hypothesise that some of these should be affected
by economic crises, whereas others may not.

Gili et al. (2012) examine the effect of the European economic crisis on people’s mental health by
comparing the results of a survey, conducted in 2006 and 2010 in Spain. Using a multivariate logistic
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regression model, they find that in 2010, the proportion of patients diagnosed with mood, anxiety,
somatoform, and alcohol disorders increased significantly, while diagnoses of eating disorders remained
constant (and insignificant). The dependent variable is the probability of having one of the above-
mentioned disorders. They further include a year-dummy to estimate the changes in the probability
of psychiatric morbidity between 2006 and 2010 and control for various socioeconomic variables such
as age, gender, marital status, education, and whether patients live in an urban environment. In a
second step, they evaluate the determinants of the (increased) probability of diagnosis and find that
about one third of the risk can be attributed to the combined risks of mortgage payment difficulties
and household unemployment.

2.5 Hypotheses

Below, we state our hypotheses. They follow our reasoning from a more general perspective on Europe
as a whole and variation between countries towards a more detailed analysis on a regional level.

(1) Unemployment and household income impact mortality across Europe.

(2) Unemployment and household income affect some causes of death more than others (e.g. circu-
latory versus chronic).

(3) The impact differs when looking at a regional or a country-specific level.

(4) The impact differs between regions depending on whether they are in a state of crisis or not.

(5) The impact differs between regions for different income brackets across countries - poor regions
are disproportionately affected by the crisis in terms of health.

Hypotheses 1 and 2 are our point of departure: The ambiguity of results reflected in the literature
as well as the substantial theoretical and interpretative differences between among others Economou
et al. (2008), Kentikelenis et al. (2011) on the one and Ruhm (2000) on the other side sparked our
interest in the matter. Hypothesis 3 reflects the fact that in the economic research above, the dis-
cussion on the economic research above is based on different regional and national studies, rendering
ambiguous results. Hypothesis 4 reflects our interest in the current economic crisis and its potential
disproportionate effect on the relationship between unemployment, household income, and mortality.
Only limited research on this exists (see for example (Stuckler et al., 2009)). Analysing Hypothesis 5,
we hope to further the understanding on which regions within Europe are more affected by the above.

Summary. This section gives an overview over the relevant literature and categorises it, as well as
common parameterisations and methods employed. The effect of crises on public health is a matter
of frequent discussion in both the economic and the health domain. Its strength and direction are
debated. In the context of existing research and the conflicting views therein, we further introduce our
hypotheses. The next section introduces our data.
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3 Data and Parameters

In this section, we outline our data sources and choice of parameters as well as the underlying reasoning.
Standardised data on public health and economic indicators are available from WHO, OECD, as well
as Eurostat. We then explore the compiled dataset to give an overview over the data gathered.

3.1 Data Sources

The core of this work is the Regional Statistics Database of Eurostat. It enables us to analyse data
of sufficient geographic fragmentation and provides data on various regional levels according to the
Nomenclature of Territorial Units for Statistics (NUTS) classification (Eurostat, 2013). Most data
are provided on a national as well as two sub-national levels; data for more detailed fragmentations
exist, but unfortunately not for all indicators we use. However, our results are of great value already
on a NUTS 2 basis. The NUTS standard harmonises statistical geographical areas within the EU
by population size. For example, in Spain, NUTS 1 corresponds to three groups of autonomous
communities (Comunidades Autónomas) and NUTS 2 to the autonomous communities themselves.

The countries from which we obtain our regional data are Belgium, Germany, Netherlands, Austria,
Sweden, Portugal, Ireland, Greece and Spain. The former five countries correspond to a group of
economically stronger countries characterised by an insurance system that is either Scandinavian or
Bismarckian. Our original intention was to also include Denmark and Finland in our analysis; however,
do to a lack of data on a regional basis we decided not do do so. Furthermore, we decided not
to include Norway either, considering its oil driven economy and relative insensitivity to the recent
economic hardships. Portugal, Greece and Spain are characterised by a Southern European insurance
system and form a group of economically weaker countries. Although Ireland does not have a similar
insurance system (namely Anglo-Saxon), in comparison to the Mediterranean countries included in
our sample, we felt it would be inappropriate to exclude a country that was also severely impacted
by the poor economic climate over the last years. Unfortunately, we can not include the complete
set of Portugal, Italy, Ireland, Spain, and Greece (PIISG) countries in this research due to the lack
of regional data for Italy. However, we believe that the countries chosen in this thesis renders a set
of countries corresponding to two groups: one set of economically stronger countries characterised by
Scandinavian or Bismarckian insurance systems and one set of weaker countries mainly characterised
by Southern European insurance systems. Although there are regional data available on some Central
and Eastern European countries, though certainly not all, we feel that both their insurance systems,
the economic state of these countries, as well as their history as part of the former Soviet Union make
them too different to be included in our sample.

Our data covers a time period of eleven years, from 2000 to 2010. However, 2010 is dropped when
introducing a one-year time lag. This period covers sufficient economic change and provides us with
many crisis data, a fact we illustrate in Section .
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3.2 Choice of Parameters

As depicted in Common Parameterisations, there has been a great variety throughout the literature
with respect to the choice of both health and economic, as well as a wide range of control variables.

Economic variables. From an economic perspective, both variables related to employment stat-
istics and variables related to output (e.g. GDP, capacity utilisation) and income can be justified.
Results, however, can differ depending on the key explanatory variable, since the strength of the as-
sociation between unemployment and GDP varies significantly over time and across countries (due to
for instance diverging fiscal responses across countries). This implies that both indicators need not
necessarily be highly correlated, even though decreases in GDP generally are connected to increases
in unemployment (Stuckler et al., 2009). On the one hand, (un)employment arguably relates more
strongly to changes in health than other indicators and could have a stronger impact on more vulner-
able members of society than output indicators that look more at a region’s aggregate productivity
(averaged if per capita) (Stuckler et al., 2009). On the other hand, using unemployment entails certain
drawback as well: Gerdtham and Johannesson (2005) point out that unemployment does not account
for changes in the labour force, nor does it reflect government-sponsored labour market policy pro-
grams. Moreover, reverse causality could appear between unemployment and health. However, the
argument that unemployment may relate more directly to health and possibly may illustrate better
the impact of economic downturns on public health leads us make the unemployment rate the prin-
cipal economic variable of interest. To ensure completeness, we also explore the impact of household
income as a measure of the state of the economy. Moreover, we will take both short- and long-term
unemployment into account. Short-term unemployment is here defined as less than twelve months of
unemployment; long-term as twelve months or more.

Health variables. Two variables appear to be of particular importance when investigating the
relationship between public health and the state of the economy: mortality and morbidity rates. Since
morbidity rates are generally not available on NUTS 2 basis and regional exploration forms a key
part of this thesis, the principal health variables are mortality rates. More specifically, we use both
the crude mortality rate (per 100,000 inhabitants) and the crude infant mortality rate to measure the
general effect of economic downturns on public health. Furthermore, we analyse whether come causes
of death exhibit significant changes during times of crisis. Here, we use a methodology close to that of
Gerdtham and Johannesson (2003), who categorise causes of death into five groups reflecting a duality
between mortality due to diseases and due to external causes. We employ a similar duality, segmenting
death by external causes somewhat further. We expect the effect of unemployment (or other indicators
of poor economic times) to impact health differently across diseases. It can safely be assumed that, in
the short run, in Western societies, unemployment has a stronger link to cardiovascular diseases (due to
its relationship to lifestyle factors such as nutrition and alcohol/tobacco consumption) than to cancer.
Therefore, both mortality rates due to cardiovascular diseases (International Statistical Classification
of Diseases and Related Health Problems (ICD) I00-99) and cancer (ICD C00-D48) serve as separate
groups, effectively creating a control group in the form of people deceased due to cancer. We further
include death due to nutritional diseases (ICD E00-99, including for example diabetes) as well as mental
and behavioural diseases (ICD F00-99). With regard to death due to external causes, Gerdtham and
Johannesson (2003) differentiate between suicide (ICD X60-84, Y870) and deaths due to other external
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causes (accidents, motor vehicle accidents, and homicides). In this thesis, we further segment the latter
group to differentiate between traffic accidents (ICD V01-99, Y85), homicides (X85-Y09, Y871), and
other external causes (ICD V01-Y89 subtracting traffic accidents, homicides), because among others
Ruhm (2000) suggests that due to a lower economic activity, traffic accidents could decrease in sluggish
economic times. The relationship between business cycles, crises, and crime is slightly ambiguous. On
the one hand, research shows that high unemployment rates are correlated with more psychological and
behavioural disorders possibly leading to more violence and homicides (Lester, 2001). On the other
hand, a number of authors among which Ruhm (2000) finds pro-cyclical evidence on murders since
increases in unemployment, and thus a deteriorating economy, reduce homicides. To investigate this,
we define a separate indicator for death due to homicide. Furthermore, we define a residual group,
incorporating diseases potentially related to unemployment.

Control variables. Lastly, we control for a number of factors to ensure robustness. Following the
majority of literature on this topic, we include an education variable in the form of the proportion of
people between 20 and 64 with upper secondary or tertiary educational attainment as there may exist
an inverse relationship between education and mortality risk. Furthermore, since population density
tends to be positively correlated to mortality levels (possibly as a result of higher rates of psychological
illness or easier transfer of infectious diseases in densely populated areas), we also control for the
degree of urbanisation.1 Moreover, we use year-dummies to control for year-fixed effects and control
for region-specific time trends to exclude any regional trend impacting mortality rates over time. We
provide an overview in Table 1 below.

Table 1 Variable Overview

Variable Variable Label
unemployment Unemployment percentage compared to labour population
household income Primary household income in purchasing power standard
educ Education
degurb Degree of urbanisation
all-cause Crude mortality rate all-cause
cardio Crude mortality rate due to cardiovascular diseases
cancer Crude mortality rate due to malignant neoplasms (cancer)
nutrition Crude mortality rate due to nutritional diseases
mental Crude mortality rate due to mental diseases
otherext Crude mortality rate due to other external causes (excluding traffic, homicide, suicide)
residual Crude mortality rate residual group (excl mental diseases)
traffic Crude mortality rate due to traffic accidents
homicides Crude mortality rate due to homicides
suicides Crude mortality rate due to suicides

3.3 Data Exploration

After explaining the choice of parameters considered in this thesis, in the following section we explore
the data to make the reader comfortable with the variables used throughout the analysis. The following

1See also Economou et al. (2008, p. 372), who suggest that "highly urbanised areas are expected to exhibit a higher
incidence of mental and psychosomatic diseases, due to the rapid rhythms in the way of living and the increased stress".
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table provides a description of the variables used throughout the analysis with their corresponding
descriptions. Mortality rates are always given per 100,000 inhabitants.

We further provide summary statistics for the key variables in Table 2. The number of observations
for each variable varies between 1199 and 1387 observations. Most variables vary greatly between
their 5th and 95th percentile, rendering confidence that there exists enough variation between regions
to obtain meaningful results: the percentage difference in unemployment between the 5th and 95th
percentile is roughly 15 per cent. The all-cause mortality rates also exhibit sufficient variation, where
the maximum all-cause mortality rate per 100,000 inhabitants is roughly threefold of the minimum
all-cause mortality rate in the dataset.

Table 2 Summary Statistics of Key Variables

Variable mean min p5 p50 p95 max N
unemployment .082 .012 .029 .071 .178 .304 1387
household income 17397.9 8225.1 10881.7 17576.3 23364.8 28605.6 1209
educ 66.1 12.8 30.5 71.7 86.8 96.7 1343
degurb .485 .0287 .129 .472 1.000 1.000 1199
all-cause 966.0 507.6 695.4 976.9 1185.4 1449.7 1242
cardio 388.1 136.1 228.3 384.25 550.3 648 1242
cancer 241.8 109.1 183.3 244.7 288.9 344.9 1242
nutrition 30.6 5.0 10.7 28.5 60.8 103.7 1242
mental 22.1 .2 1.0 19.5 53.7 90.1 1237
otherext 20.8 3.0 11.0 19.4 37.2 47.7 1216
residual 240.4 112.8 161.7 233.7 345.7 487.8 1237
traffic 10.0 1.4 3.7 8.7 19.8 41.8 1241
homicides .9 .1 .3 .8 2.0 6.1 1216
suicides 11.3 1.0 3.1 11.3 20.8 29.3 1241

The fact that there is substantial variation in a variable does not necessarily mean that there are
differences in the respective variable across countries or regions. Although a substantial variation in
unemployment rates between countries struck more intensely by the crisis and those not may seem
intuitive, it is nevertheless important to check whether this is indeed the case. A similar reasoning
applies to whether there exists variation across regions. It can easily be observed, however, that there is
substantial variation across countries from Figure 1 and 2. Furthermore, taking Spain as an example,
there is substantial variation in unemployment rates even within a country struck intensely by the
crisis with huge differences between for example for Comunidád de Madrid and Andalucía. Appendix
A.2 provides an overview over the unemployment and household income data by country.

To check whether the variables used throughout this thesis exhibit a relationship before modelling,
it is important to check their corresponding correlations. As can be inferred from Table 3, where cross-
correlations and their corresponding p-values for their significance are shown, most variables display a
significant correlation. Furthermore, some basic checks render evidence that the variables have been
encoded correctly. Unemployment and household income are negatively correlated with a coefficient
of −0.393, since higher unemployment leads to lower household income. Furthermore, the fact that
both mortality rates due to cardiovascular diseases and deaths due to malignant neoplasms (cancer)
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Figure 1 Mean Percentage Unemployment per Country

Figure 2 Mean Percentage Unemployment per Region, Spain

19



are highly correlated with all-cause mortality rates naturally follows from these two causes of death
being the main causes of mortality.

Table 3 Cross-correlation Table†

Variables unemployment income all-cause infant cardio cancer nutrit mental residual otherext suicides homicides
unemployment 1.000

income -0.393 1.000
(0.000)

all-cause 0.174 -0.194 1.000
(0.000) (0.000)

infant -0.013 0.145 -0.169 1.000
(0.643) (0.000) (0.000)

cardio 0.161 -0.081 0.829 -0.169 1.000
(0.000) (0.006) (0.000) (0.000)

cancer 0.034 0.102 0.798 0.004 0.589 1.000
(0.231) (0.001) (0.000) (0.887) (0.000)

nutrition -0.069 -0.129 0.233 0.018 0.006 0.172 1.000
(0.016) (0.000) (0.000) (0.537) (0.834) (0.000)

mental -0.194 0.331 -0.082 0.227 -0.341 0.178 0.303 1.000
(0.000) (0.000) (0.004) (0.000) (0.000) (0.000) (0.000)

residual 0.211 -0.399 0.491 -0.076 0.006 0.303 0.170 0.070 1.000
(0.000) (0.000) (0.000) (0.009) (0.837) (0.000) (0.000) (0.013)

otherext -0.109 -0.066 0.438 -0.134 0.290 0.281 0.351 0.068 0.145 1.000
(0.000) (0.024) (0.000) (0.000) (0.000) (0.000) (0.000) (0.017) (0.000)

suicides -0.288 0.302 0.217 0.097 0.104 0.280 0.500 0.450 -0.065 0.626 1.000
(0.000) (0.000) (0.000) (0.001) (0.000) (0.000) (0.000) (0.000) (0.022) (0.000)

homicides 0.083 -0.201 -0.046 -0.044 -0.155 -0.210 -0.039 -0.094 0.228 0.194 -0.033 1.000
(0.004) (0.000) (0.109) (0.138) (0.000) (0.000) (0.170) (0.001) (0.000) (0.000) (0.252)

†The correlations of the variables depicted here are in logarithms. unemployment is the logarithm of percentage unemployment.income is the
logarithm of primary household income. The cause-specific mortality rates are defined as given in Table 1. p-values are given between parentheses.

In this section, we present our data source and analyse the parameters commonly used in the
literature to examine the link between public health and economic change. We give a first insight into
the structure of our dataset and identify the economic, health, and control variables most promising
for our analysis. The next section gives an overview over methods commonly employed, introduces our
crisis definitions, and outlines our estimation strategy.
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4 Estimation Strategy

In our choice of an estimation strategy to identify the link between economic crises and public health,
we build on methods successfully applied in the literature reviewed in Section 2 at the beginning of
this thesis, adapt them to the needs of a regional analysis, and develop them further. This section
first gives an insight into various crisis definitions. We then outline our estimation strategy and our
reasoning behind it.

4.1 Crisis Definition

Throughout the literature, economic crises have been defined differently. Simply defining a crisis
variable reflecting a fixed period of time that commonly is referred to as a crisis might ignore possible
regional diversity. Therefore, we define crisis (or arguably business cycle downturns) in terms of both
economic variables of interest: change in GDP and unemployment rate. Starting from the textbook
example, we identify a more advanced method used in the literature specific to our analysis; we then
continue and develop it further to best fit our specific research interests, in particular regionality.
Hence, we define crisis as follows:

GDP. First, we create a dummy relating to the general interpretation of an output recession (two
successive quarters of output contraction). For every region, years with negative output growth are
marked as recession dummies, approximating crisis years.

Unemployment. Furthermore, similarly to Stuckler et al. (2009), we identify specific periods of
mass job loss. These periods may disproportionately affect the health of society above and beyond
the normal effect of unemployment on health-related factors. As an example, the overall stress levels
in society could be impacted due to job insecurity in poor economic times, leading to more stress-
related mortality. Stuckler et al. (2009) defines these periods as those in which the absolute percentage
of unemployment rises by more than 3 per cent, corresponding to a change of about two standard
deviations. As the 95th percentile of the absolute change in the percentage of unemployed between
years corresponds to the aforementioned 3 per cent as well, we believe that it is justified to define a
crisis variable based upon the 3 per cent cutoff.

Regional Unemployment. Third and last, we account for the fact that our dataset systematically
differs from others in the literature. The regional fragmentation of our data, as well as the time period
we choose for our analysis are specific to Europe during two crises.

Hence, we define a regional crisis in two different ways relative to a benchmark. First, we define a
regional crisis as a state in which the rate of change of regional unemployment is higher than one
standard deviation away from the mean of the rate of change of the national unemployment rate. This
way, we identify crises during which regions deviate substantially from the nations they are part of.
Doing so, we compare regional unemployment trends to the national context they are to be considered
in. Second, we define a regional crisis as a state in which the rate of change of regional unemployment
is higher than one standard deviation away from the mean of the rate of change of its own regional
unemployment rate. Hereby, we define a region to experience a crisis when its rate of change in regional
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unemployment is substantially different from what can be considered a "normal" state, either compared
to the country or to the region itself.

4.2 Model

The panel dataset at hand with data from 2000 to 2010 across a substantial number of European
regions (according to NUTS classification) can be used under certain assumptions to obtain consistent
estimators in the presence of a possible OVB. We follow the notation by Wooldridge (2002) to define
our model. Let y and x = (x1, x2, ..., xk) be observable random variables and let c be an unobservable
random variable. If c is uncorrelated with each xj , then c is just a variable that has an impact on
y without being related to the explanatory variables of interest. If, however, c is correlated with our
observable explanatory variables, meaning that Cov(xj , c) 6= 0 for some j, then putting c in the error
term could severely bias our results and will lead to an inconsistent estimation of β. We address this
latent variable problem by using a fixed effects model, where unobserved heterogeneity c is accounted
for by time-demeaning the variables. To be more specific, the linear unobserved effects model for T
periods can be written as follows:

yit = xitβ + ci + uit, t = 1, 2, ..., T (1)

where ci is allowed to be correlated with xit.2

The within transformation can be done by averaging (1) over t = 1, 2, ..., T to obtain the cross-section
equation and subsequently subtracting this from (1). Hence, we first obtain the cross section equation:

ȳi = x̄iβ + ci + ūi (2)

where ȳi = T−1
∑T

t=1 yit, x̄i = T−1
∑T

t=1 xit, and ūi = T−1
∑T

t=1 uit

By subtracting (2) from (1), we obtain the FE transformed equation for each t:

yit − ȳi = (xit − x̄i)β + uit − ūi

which can be rewritten as

ÿit = ẍitβ + üit, t = 1, 2, ..., T (3)

where ÿit ≡ yit − ȳi, ẍit ≡ xit − x̄i, and üit ≡ uit − ūi

Time demeaning the data by subtracting the cross section equation from the original equation has
resulted in the removal of the unobserved effect ci, effectively removing OVB arising from correlation

2The most commonly used specification throughout this paper also includes region-specific time trends, rendering a
slightly different notation. Equation (1) can then be written down as yit = xitβ+ ci +wit +uit, t = 1, 2, ..., T where wit

are the region-specific time trends. The cross-sectional equation (2) then becomes: ȳi = x̄iβ+ ci + w̄i + ūi and after the
within-transformation, the model as put forward by equation (3) is written down as : ÿit = ẍitβ+ẅit+üit, t = 1, 2, ..., T
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between the observable explanatory variables and the time-invariant error. One drawback of this model
is that the vector of explanatory variables cannot contain any time-constant variables. However, as
we are only interested in those variables that exhibit time variation, we are not primarily interested
in modeling factors that remain constant over time. Thus, we estimate our fixed effects model by (3)
and later elaborate on its key variables.

To make sure the model’s underlying assumptions are upheld, we check for both heteroskedasticity
and serial correlation.3 Following Greene (2000, p. 598), testing for heteroskedasticity of our model,
rejects the null hypothesis of homoskedasticity for all mortality rate categories, indicating the presence
of possible heteroskedasticity which could bias our estimates if not accounted for. Therefore, we need
to adjust our standard errors to make sure that our estimators are robust and consistent in the presence
of heteroskedasticity. Testing for serial correlation following Drukker (2003), our results indicate that
the null hypothesis of serial correlation can be rejected for the specifications on almost all category-
specific mortality rates.4 Consequently, we need to account for both heteroskedasticity and serial
correlations in our model. To ensure that standard errors are robust to heteroskedastic and serially
correlated disturbances, we follow Drukker (2003) and adjust the variance estimators by clustering at
panel data level (NUTS 2 regions), providing a clustered sandwich estimator. Clustering has been used
throughout the literature (e.g. Stuckler et al. (2009)) to render heteroskedasticiy and autocorrelation
consistent estimators.

Thus, the model specified by (3) with clustered standard errors will serve to investigate our hypo-
theses. To further the readers’ understanding of the upcoming results section, we once more stipulate
the key variables: the dependent variables consist out of the logarithm of (cause-specific) mortality
rates per 100,000 inhabitants. The first specification in order of columns displays all-cause crude
mortality rates as the dependent variable, the second specification uses infant mortality rates as its de-
pendent variable, whereas the specifications hereafter are cause-specific mortality rates such as deaths
due to cardiovascular diseases.

For each of these specifications, the two key variables of interest are the logarithm of unemployment
percentages (of those aged 15 years and over) and the logarithm of household income. We use logarithms
due to a number of reasons: First, logarithms have been used commonly throughout the literature
(among others by Neumayer (2004); Ruhm (2000)). Second, and more important, without using
logarithms it would not be possible to compare the effect of unemployment relative to the effect of
household income serving as a proxy for wealth. Transforming the variables makes it easier to compare
which variable has the strongest effect. Due to a lack of complete regional data, we only include two
control variables that have been used throughout the literature: education and degree of urbanisation.
However, the fixed effects model already accounts for any omitted variable being constant over time.
Moreover, we include time dummies to control for general linear time trends and in the specification
most used in the paper we also control for region-specific time trend to cancel out any linear trends
within regions. Further extensions are explained in their corresponding results table in the next section.

3Appendix A.3 provides the underlying assumptions of a fixed-effects model in more detail and describes the tests
used to check for heteroskedasticity and serial correlation

4Only with deaths due to homicides and suicides as the dependent variable we do not detect serial correlation.
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5 Results

In this section, we outline the results of our analysis. We first provide the general results of our analysis
of the impact of unemployment and household income on mortality. We then extend our study by the
crisis indicators introduced above as well as the income quintile analysis, breaking the latter down into
a cross-country and a within-country analysis.

5.1 Unemployment, Household Income, and Mortality

Table 4, consisting out of three panels, is ordered by increasing degree of robustness to check the
reliability of our results. The first panel controls for education, degree of urbanisation, as well as year-
and region-fixed effects. The second panel adds region-specific time trends. Lacking more control
variables, we consider this to be an important robustness check. However, by using region-specific
trends we control for omitted variables that change linearly over time within regions, making the
specification significantly more robust. The third panel adds a lagged dependent variable to remove
any still existing trend in the cause-specific mortality rates due to previous years. Table 4 serves to test
Hypothesis 1 and 2 that unemployment and household income impact mortality across Europe and
that unemployment and household income affect mortality due to certain causes more than others.

We make a number of interesting observations across the three specifications in Table 4. The impact
of unemployment and household income on all-cause mortality rates renders the most consistent results.
Higher unemployment is associated with a decrease in all-cause mortality rates, whereas an increase
in household income is associated with an increase in all-cause mortality rates. Note that these results
do not contradict each other: since higher unemployment is likely to lead to lower household income,
it follows that these two variables are inversely related. The results are similar to evidence rendered
by Ruhm (2000, 2005): they support the theory that unemployment has a positive impact on health
due to more free time, reducing stress, and that lower household income leads to healthier habits (for
example, walking rather than taking the car, eating healthier). In light of this pro-cyclical evidence,
where economic upturns lead to higher mortality, it seems appropriate to check whether these theories
hold when observing cause-specific mortality rates. Infant mortality does not seem to be related to
business cycles in any specification.5

As expected, we do find significant results (in specifications A and B) for cardiovascular diseases,
whereas cancer is not impacted by neither unemployment nor household income.6 Previous work
(for example by Gerdtham and Johannesson (2003), Gerdtham and Ruhm (2006)) has shown that
malignant neoplasms are less sensitive to changes in economic factors. It has been argued that unlike
mortality due to cardiovascular diseases, mortality due to cancer is less related to macroeconomic
conditions. Mortality arising from cancer may be less affected by short-term changes in medical care
or lifestyle habits. Considering that we also look at the short-term impact of economic change via

5Considering the advanced economic development within the EU, this is not surprising.
6As the effect of household income on mortality may differ for low and high incomes, we perform our analysis also for

household income, squared. The quadratic and level variables are, however, almost perfectly correlated (0.9903), which
causes one of the two to drop out of our analysis due to collinearity and leads us to not further consider a quadratic
variable in this research.
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unemployment and household income, our results support this line of reasoning. Household income
does not significantly impact cardiovascular diseases when incorporating a lagged dependent variable.
However, specifications A and B render some evidence that increases in household income are followed
by higher morality rates due to cardiovascular diseases. Higher income could indicate unhealthier
dietary habits facilitated by higher discretionary income, which could have a negative impact on health.

Table 4 Unemployment and Household Income on Mortality Rates†

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
VARIABLES all-cause infant cardio cancer nutrition mental residual otherext traffic homicides suicides

Panel A: basic specification

Log Percentage Unemployment -0.0384*** -0.0418 -0.0453*** -0.0060 -0.0716 -0.3560*** -0.0679*** -0.0969** -0.0971** -0.0766 0.0644
(0.0071) (0.0708) (0.0099) (0.0098) (0.0462) (0.0885) (0.0152) (0.0380) (0.0438) (0.0921) (0.0544)

Log Household Income 0.2124*** 0.1120 0.3178*** 0.0670 0.8946** 0.1471 0.2110** 0.1988 -0.0731 0.0697 0.0845
(0.0497) (0.3775) (0.0745) (0.0548) (0.3460) (0.4673) (0.0959) (0.2634) (0.2146) (0.5412) (0.3365)

Education -0.0015 0.0091 -0.0001 -0.0008 -0.0196*** -0.0495*** -0.0050** 0.0068 -0.0184*** 0.0013 0.0035
(0.0013) (0.0081) (0.0011) (0.0022) (0.0052) (0.0108) (0.0021) (0.0072) (0.0046) (0.0095) (0.0053)

Degree of urbanisation 0.0095 -0.6354** 0.0323 0.0503 0.0780 0.8193** -0.1933*** 0.1037 -0.0519 -0.4502 -0.1455
(0.0327) (0.2585) (0.0506) (0.0402) (0.2366) (0.3646) (0.0598) (0.1659) (0.1223) (0.3378) (0.1844)

Observations 948 913 948 948 948 948 948 933 947 933 947
Number of regions 104 104 104 104 104 104 104 104 104 104 104
Adjusted R-squared 0.3627 0.1770 0.6804 0.1226 0.1602 0.4038 0.3758 0.1230 0.6549 0.0756 0.0977
Year-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Regional-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Panel B: basic specification including region-specific time trends

Log Percentage Unemployment -0.0152*** -0.0314 -0.0106 -0.0014 -0.0679 0.0649 -0.0197* -0.1309*** -0.1459*** -0.1259 0.0038
(0.0050) (0.0566) (0.0095) (0.0059) (0.0452) (0.0546) (0.0116) (0.0349) (0.0458) (0.1232) (0.0606)

Log Household Income 0.1145*** 0.2628 0.1460** 0.0268 0.1619 0.5122 0.0705 0.3464 0.0239 0.4600 -0.0074
(0.0415) (0.4326) (0.0578) (0.0454) (0.2475) (0.5505) (0.0983) (0.2438) (0.2711) (0.8020) (0.5346)

Observations 948 913 948 948 948 948 948 933 947 933 947
Number of regions 104 104 104 104 104 104 104 104 104 104 104
Adjusted R-squared 0.7478 0.3619 0.8295 0.5481 0.4444 0.6933 0.7046 0.5514 0.7005 0.1187 0.2049
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Regional-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Region-specific time trends Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Panel C: basic specification including region-specific time trends and lagged dependent variables

Log Percentage Unemployment -0.0166** -0.0198 -0.0025 -0.0018 -0.0841** 0.0692 -0.0179 -0.1423*** -0.1542*** -0.2329 -0.0071
(0.0067) (0.0684) (0.0096) (0.0070) (0.0371) (0.0467) (0.0135) (0.0416) (0.0532) (0.1469) (0.0582)

Log Household Income 0.0986*** 0.2286 0.0765 0.0144 0.0450 0.6859 0.0695 0.2463 0.2662 0.3849 -0.2058
(0.0361) (0.4794) (0.0569) (0.0517) (0.2792) (0.5829) (0.0788) (0.2595) (0.3349) (0.8847) (0.4667)

Observations 869 858 869 869 869 869 869 845 868 845 867
Number of region 104 104 104 104 104 104 104 104 104 104 104
Adjusted R-squared 0.7423 0.3512 0.8124 0.5152 0.4638 0.6970 0.6904 0.5522 0.6980 0.1866 0.2302
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Regional-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Region-specific time trends Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Lagged Dependent Variable Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

†The dependent variables, displayed in columns, are the logarithms of all-cause mortality, infant mortality and various cause-specific mortality
rates. The independent variables of interest are the logarithms of unemployment and household income in the first two rows of each panel.
All specifications include controls for education and degree of urbanisation. The panels are displayed in order of robustness: Panel A includes
year-fixed and regional-fixed effects. Panel B adds region-specific time trends and panel C adds a lagged dependent variable. Robust standard
errors, clustered by NUTS 2 region, are in parentheses. ***, **, and * denote significance at the 1, 5, and 10 per cent levels, respectively.

Furthermore, our results indicate that unemployment also has a negative impact on mortality rates
belonging both to the residual group and to other external causes. Another interesting observation
can be made when looking at deaths due to traffic accidents: as indicated by Ruhm (2005), decreased
economic activity as approximated by higher unemployment could reduce the number of traffic acci-
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dents and work-related injuries. Our pan-European regional investigation indicates a similar result, as
the effect of unemployment on traffic accidents is negatively significant across all three specifications.

Since testing for joint significance of the region-specific trend dummies indicates that there is a need
to account for regional time trends, we are most interested in the results given by panels B and C.
The negatively significant impact of unemployment on deaths due to mental diseases in panel A can
safely be neglected: the two more robust specifications not only find this effect to be positive, but
also insignificant. Panels B and C provide similar results in six out of eleven specifications and the
lagged dependent variable is insignificant. Furthermore, the explanatory power of the model does not
increase substantially after incorporating lagged dependent variables. To facilitate comparison, we
proceed with one uniform specification for cause-specific mortality rates. Trading off the inclusion of
insignificant variables in one part with potentially increased explanatory power in the other, we drop
the lagged dependent variable in further specifications. With the exception of suicides and homicides,
the explanatory power of our model across cause-specific mortality rates is quite high.

Most significant results found in Table 4 appear to be somewhat driven by the economically weaker
countries in our sample. The logarithms of household income significantly affect all-cause mortality
rates for the PISG countries, whereas it does not affect mortality rates in the Northern-continental
European countries. Furthermore, the relationship between unemployment and mortality due to cardi-
ovascular diseases appears to be opposite between the two segments. The weaker European countries
seem to drive overall results in this case. A similar inference can be made with regard to deaths due
to traffic accidents. A last observation to be made is that although increases in household income are
joined by decreases in suicides in the PISG countries, the same relationship is insignificant in non-crisis
countries. One potential explanation is that psychological stress levels in crisis countries are higher,
possibly leading to suicides derived from income-related stress. Considering that overall levels of income
are higher in the non-crisis countries, the effect of income on suicides might be less straightforward
here. This result strengthens our belief that there are indeed differences in the relationship between
health and economic change when separating regions according to whether they are impacted by crises
or not. However, as we are more interested in defining crisis on a regional level than on a national
level, we investigate regional crises further in the following sections. To ensure completeness, Appendix
A.4 provides the same analysis as Table 4 on a country-basis, separating what we label non-crisis and
crisis countries. However, before doing so we first investigate whether there is a difference between the
impact of long- and short-term unemployment on health.

Having investigated the impact of unemployment and household income on various cause-specific mor-
tality rates, we fail to reject Hypothesis 1 and 2. Higher unemployment is associated with a decrease
in all-cause mortality rates, whereas an increase in household income is associated with an increase in
all-cause mortality rates, supporting Hypothesis 1. Furthermore, an increase in mortality due to car-
diovascular diseases is associated with an increase (decrease) in household income (unemployment);7

mortality due to cancer does not seem to be affected as expected. Furthermore, increases in unemploy-
ment are also associated with increases in mortality due to other external causes and traffic accidents.

7The increase in mortality due to cardiovascular diseases associated with a decrease in unemployment is only significant
in the specification without regional-specific time trends. The direction however is the same and the size of the coefficients
similar across specifications.
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Increases in household income are associated with decreases in suicides in the PISG countries. Con-
sidering the differential impact of both unemployment and household income on various cause-specific
mortality rates, we may safely assume that Hypothesis 2 can not be rejected either.

Regional versus national effects. With Hypothesis 3, we want to test whether results differ
when looking at a regional compared to a national level. Table 5 depicts panel B for regional as well
as national data. We observe that the direction and size of most coefficients is fairly similar. All-cause
mortality rates as well as mortality rates due to cardiovascular diseases and cancer render coefficients
for unemployment and household income similar in size and direction. However, the regional analysis
provides more significant coefficients on unemployment and household income (possibly due to more
observations). Although unemployment has a significantly negative impact on deaths due to traffic
accidents both on a country and a regional level, the size of the coefficient is half on a regional level.
Furthermore, we also test whether the difference in coefficients is significantly different on a country
versus a regional level using Welch’s T-test: considering that the difference in coefficients between the
regional and national analysis is significant for 6 out of 11 specifications for unemployment and 8 out
of 11 specifications for household income, we believe that Hypothesis 3 can not be rejected.8 This
strengthens our belief in the validity of performing our research on a regional level. For completeness,
Appendix A.5 provides the cross-country analysis performed for all three panels. Surprisingly, when
doing a regional analysis per country as shown in Appendix A.7, we hardly find any significant results,
possibly due to a reduced number of observations for some countries.

Long- and Short-term Unemployment Prior research indicates that health may be impacted
differently by short- and long-term unemployment (Gordo, 2006). From Table 6, we observe that
long-term employment has a more significant impact on (cause-specific) mortality rates than short-
term unemployment. Increases in long-term unemployment appear to be followed by decreases in
all-cause mortality rates, whereas short-term unemployment boosts do not significantly affect all-cause
mortality rates. A similar inference can be made for the cause-specific mortality rates related to
residual diseases, other external causes, and traffic accidents that all exhibit a negative relationship
with long-term unemployment, but not with short-term unemployment.9 Furthermore, it appears
that long-term unemployment increases mortality rates due to mental diseases, whereas short-term
unemployment does not - its coefficient even points to the opposite direction. This result is in line
with evidence provided by Reine et al. (2004) that especially long-term unemployment is linked to
poor mental health.

Long-term unemployment has a more significant impact on (cause-specific) mortality rates than short-
term unemployment.

8Appendix A.6 provides a more detailed explanation of Welch’s T-test and displays the difference in coefficients and
their corresponding significance.

9Deaths due to homicides and long-term unemployment also depict a negative relationship, but this is only borderline
significant.
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Table 5 Regional versus National Analysis†

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
VARIABLES all-cause infant cardio cancer nutrition mental residual otherext traffic homicides suicides

Panel B-1: Region-specific specification including region-specific time trends

Log Percentage Unemployment -0.0152*** -0.0314 -0.0106 -0.0014 -0.0679 0.0649 -0.0197* -0.1309*** -0.1459*** -0.1259 0.0038
(0.0050) (0.0566) (0.0095) (0.0059) (0.0452) (0.0546) (0.0116) (0.0349) (0.0458) (0.1232) (0.0606)

Log Household Income 0.1145*** 0.2628 0.1460** 0.0268 0.1619 0.5122 0.0705 0.3464 0.0239 0.4600 -0.0074
(0.0415) (0.4326) (0.0578) (0.0454) (0.2475) (0.5505) (0.0983) (0.2438) (0.2711) (0.8020) (0.5346)

Observations 948 913 948 948 948 948 948 933 947 933 947
Number of region 104 104 104 104 104 104 104 104 104 104 104
Adjusted R-squared 0.7478 0.3619 0.8295 0.5481 0.4444 0.6933 0.7046 0.5514 0.7005 0.1187 0.2049
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Regional-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Region-specific time trends Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Panel B-2: Country-specific specification including country-specific time trends

Log Percentage Unemployment -0.0181 -0.1059 -0.0135 -0.0075 -0.0380 0.1496 -0.0331 -0.1392** -0.2799*** -0.1210 -0.0905
(0.0179) (0.1225) (0.0503) (0.0122) (0.1778) (0.1900) (0.0411) (0.0437) (0.0207) (0.0846) (0.0592)

Log Household Income 0.1283* -0.6208 0.1857 0.0258 -0.0523 2.3929* -0.0629 0.2020 -0.6727 0.5123 -0.5421
(0.0614) (0.7324) (0.2367) (0.0948) (0.4995) (1.2296) (0.3717) (0.3594) (0.4677) (1.1897) (0.6747)

Observations 74 77 74 74 74 74 74 74 74 74 74
Number of region 9 9 9 9 9 9 9 9 9 9 9
Adjusted R-squared 0.8800 0.7753 0.9183 0.7823 0.6293 0.6566 0.6228 0.7087 0.9245 0.4572 0.3716
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country specific time trends Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

†The dependent variables, displayed in columns, are the logarithms of all-cause mortality, infant mortality and various cause-specific mortality
rates. The independent variables of interest are the logarithms of unemployment and household income in the first two rows of each panel. All
specifications include controls for education, degree of urbanisation and year-fixed effects. Panel B-1 accounts for regional-fixed effects and region-
specific time trends, whereas panel B-2 accounts for country-fixed effects and country-specific time trends. Robust standard errors, clustered by
NUTS 2 region, are in parentheses. ***, **, and * denote significance at the 1, 5, and 10 per cent levels, respectively.

Table 6 Long- and Short-term Unemployment†

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
VARIABLES all-cause infant cardio cancer nutrition mental residual otherext traffic homicides suicides

Log Percentage Long-Term Unemployment -0.0080* -0.0442 -0.0025 0.0039 -0.0554 0.0989** -0.0188** -0.0701*** -0.0859*** -0.1576* -0.0229
(0.0046) (0.0371) (0.0067) (0.0044) (0.0371) (0.0397) (0.0086) (0.0226) (0.0310) (0.0925) (0.0348)

Log Percentage Short-Term Unemployment -0.0071 -0.0234 -0.0120 -0.0029 -0.0064 -0.0858 0.0078 0.0044 -0.0754 0.0712 0.0641
(0.0068) (0.0631) (0.0089) (0.0086) (0.0582) (0.0619) (0.0179) (0.0350) (0.0607) (0.1089) (0.1004)

Log Household Income 0.1048** 0.1333 0.1095 0.0419 0.0903 0.9669 0.0873 0.5469** -0.3574 -0.1441 0.0106
(0.0427) (0.4886) (0.0759) (0.0454) (0.2382) (0.6369) (0.1087) (0.2387) (0.3468) (0.8465) (0.6774)

Observations 845 820 845 845 845 845 845 838 844 838 845
Number of region 100 100 100 100 100 100 100 100 100 100 100
Adjusted R-squared 0.7622 0.3681 0.8408 0.5807 0.3848 0.7187 0.7279 0.5797 0.7628 0.1449 0.1973
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Regional-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Region-specific time trends Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

†The dependent variables, displayed in columns, are the logarithms of all-cause mortality, infant mortality and various cause-specific mortality
rates. The independent variables of interest are the logarithms of long- and short-term unemployment and household income in the first three
rows. All specifications include controls for education and degree of urbanisation. Furthermore, year-fixed effects, regional-fixed effects, and
region-specific time trends are accounted for. Robust standard errors, clustered by NUTS 2 region, are in parentheses. ***, **, and * denote
significance at the 1, 5, and 10 per cent levels, respectively.
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5.2 Crises

In this subsection, we investigate whether our findings are different in regions that can be defined as
experiencing a crisis. Doing so, we aim to answer Hypothesis 4 that the impact of unemployment and
household income on mortality rates differs between regions depending on whether they are in a state
of crisis or not. To analyse this, we use four crisis variables corresponding to the following definitions:

(1) Recession: a recession is usually defined as an output contraction of two quarters or more in a
row. As we work with annual data, we define a recession as a year in which the region experiences
negative GDP growth, assuming that this normally incorporates at least two quarters of output
contractions in a row. Even if this was not the case, a year in which there is an output contraction
is a strong sign of economic crisis.

(2) Massunemployment: we define a region to experience mass unemployment if the absolute per-
centage change in unemployment growth is higher than or equal to 3 per cent.

(3) Crisisdefinition1: we define a variable that indicates a regional crisis if the region’s absolute
percentage change in unemployment is larger than the ten year average change in national un-
employment plus one standard deviation.

(4) Crisisdefinition2: we define a variable that indicates a regional crisis if the region’s absolute
percentage change in unemployment is larger than the ten year average change in the region’s
own unemployment plus one standard deviation.

The second crisis definition is the most restrictive: it renders the least amount of regions defined
to experience a crisis. Furthermore, the regions that display mass unemployment are concentrated in
the PISG countries, whereas the regions that experience crisis according to the other three definitions
are spread across Europe. It appears that regions experiencing a crisis defined as being in a recession
are only slightly overrepresented in PISG countries. Since we create the newly added crisis definitions
1 and 2 relative to its own internal (national or regional) benchmark, it is not surprising that regions
experiencing a crisis according to these definitions are more spread out across throughout Europe.
Figure 3 displays the number of crisis regions10 per crisis definition across the entire time period.
In this subsection, we are most interested in the interactions between unemployment and household
income with the crisis variables. Therefore, the control variables education and degree of urbanisation
and their interactions with the crisis variables are not shown in Table 7, although they are controlled
for. The table displays four panels constructed in order of the crisis definitions mentioned above.

Panel A shows that the impact of unemployment on all-cause mortality rates is smaller in crisis
regions compared to non-crisis regions. To illustrate, the (borderline significant) coefficient of unem-
ployment of -0.0156 on crude death rates becomes less negative when adding the coefficient on the
interaction term of 0.0070. A similar inference can be made for deaths due to nutritional diseases and
the residual group, where the coefficient on the latter even turns slightly positive instead of negative

10Defined as a region experiencing a crisis during a given year. This not necessarily implies that the same region
experiences a crisis in any other year.
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Figure 3 Number of Crisis Regions as Percentage of Total by Crisis Definition

in the crisis regions compared to non-crisis regions. Performing Wald tests indicates that the hypo-
thesis that the added coefficients of the logarithm of percentage unemployment and the interaction term
between the logarithm percentage unemployment and recession on all-cause mortality are jointly zero,
cannot be rejected. The same inference can be made when testing the joint significance of these coef-
ficients on either mortality due to nutritional diseases or residual diseases. Thus, to be more specific,
it appears that unemployment does not impact (i) all-cause mortality, (ii) mortality due to nutritional
diseases and (iii) mortality due to residual diseases in crisis regions (suffering a recession). It further
appears that when household income increases during crises, more people die of nutritional diseases
and diseases in the residual group.

Panel B, in which we use mass unemployment to define regions experiencing a crisis, renders dif-
ferent evidence. It appears that mortality rates in both regions experiencing a crisis and those not
experiencing a crisis are significantly negatively impacted by unemployment and significantly posit-
ively impacted by household income. The interaction terms are, however, not significant, meaning that
there are no substantial differences with regard to all-cause mortality rates between non-crisis and crisis
regions. A questionable effect can be found for deaths due to traffic accidents in crisis regions, where
the interaction of mass unemployment with unemployment and household income are both borderline
negatively significant, while generally these two are inversely related.
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In panel C, we define a region to experience a crisis relative to an average change in national
unemployment (and hence analyse regions that have higher unemployment than the country average
plus one standard deviation). Considering that virtually all interaction terms are insignificant, it seems
that there are no substantial differences between unemployment and household income in relation
to (cause-specific) mortality rates between non-crisis and crisis regions. The interaction terms only
indicate that when unemployment rises in a crisis region, this decreases deaths due to traffic accidents
even more than in a non-crisis region. However, the coefficient is only borderline significant.

In panel D, we define a region to experience a crisis relative to its own change in regional unemploy-
ment (and hence analyse regions when they experience higher than their own average unemployment
over the past decade). Again, in light of virtually all interaction terms being not significant, it seems
that there are no substantial differences between unemployment and household income in relation to
(cause-specific) mortality rates between non-crisis and crisis regions. There are only a few (borderline)
significant interaction terms, which indicate that a crisis compared to a non-crisis region experiences
a decrease in deaths due to cardiovascular diseases when unemployment increases. However, keep in
mind that the coefficient of -0.011 is only borderline significant. Furthermore, similar to the previous
crisis definition, the results indicate that when unemployment rises in a crisis region, this decreases
deaths due to traffic accidents even more than in a non-crisis region. Lastly, higher unemployment and
higher household income seem to be related to higher deaths due to suicides in crisis regions. Again,
this finding is only borderline significant.

Overall, it seems that there is little difference between the effect of unemployment and household
income on (cause-specific) mortality rates between crisis and non-crisis regions. Health in crisis regions
does not seem to be affected more or less by economic activity than in regions not experiencing a
crisis. Furthermore, the significant results inferred from the previous tables must be interpreted with
caution as they are not stable across the different crisis definition panels. For completeness, Appendix
A.8 provides the regression results of all crisis definitions, but with unemployment separated in long-
and short-term unemployment.

There exists little difference between the effect of unemployment and household income on (cause-
specific) mortality rates between crisis and non-crisis regions. Consequently, we reject Hypothesis 4
that the impact differs between non-crisis and crisis regions.

5.3 Income Distribution

Furthermore, we are interested in how the association differs across different income levels. In this
section, we test Hypothesis 5 that the impact of unemployment and household income on mortality
differs between regions for different income brackets across countries. We separately analyse the re-
gional effects across and within countries to understand whether there exists a difference in the role
income levels play for regional differences in mortality. This also gives us the opportunity to better
distinguish between regional effects relating to income differences across all countries and within the
countries themselves.
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Table 7 Unemployment and Household Income on Mortality Rates during Crises†

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
VARIABLES all-cause infant cardio cancer nutrition mental residual otherext traffic homicides suicides

Panel A: Recession

Log Percentage Unemployment -0.0156** -0.0316 0.0011 -0.0003 -0.1287** 0.0491 -0.0273** -0.1331*** -0.1391** -0.1081 -0.0142
(0.0063) (0.0606) (0.0095) (0.0073) (0.0524) (0.0488) (0.0138) (0.0422) (0.0546) (0.1412) (0.0751)

Log Household Income 0.0851** 0.5122 0.0877* -0.0095 0.2869 0.9716* 0.1040 0.2016 0.2104 1.0340 -0.0082
(0.0330) (0.4708) (0.0505) (0.0481) (0.2965) (0.5576) (0.0797) (0.2639) (0.3465) (0.8603) (0.5684)

Recession -0.1235 0.6656 0.3485 -0.0559 -3.6964*** -1.3218 -0.5534** 0.1183 0.2396 0.0340 0.1708
(0.1153) (1.1189) (0.2190) (0.1623) (1.0028) (1.3523) (0.2351) (0.5665) (0.8235) (3.5536) (1.1057)

Interaction Log Perc Unemployment and Recession 0.0070* 0.0416 -0.0073 0.0014 0.1044*** 0.0589 0.0304*** -0.0297 0.0154 -0.1358 0.0150
(0.0040) (0.0385) (0.0083) (0.0057) (0.0356) (0.0421) (0.0086) (0.0201) (0.0321) (0.1019) (0.0329)

Interaction Log household income and Recession 0.0137 -0.0399 -0.0425 0.0049 0.4357*** 0.1562 0.0657** -0.0205 -0.0393 -0.0432 0.0030
(0.0133) (0.1264) (0.0257) (0.0182) (0.1145) (0.1569) (0.0265) (0.0655) (0.0953) (0.4064) (0.1271)

Observations 890 869 890 890 890 890 890 877 889 877 889
Number of region 104 104 104 104 104 104 104 104 104 104 104
Adjusted R-squared 0.7394 0.3559 0.8206 0.5056 0.3855 0.7153 0.7190 0.5673 0.6977 0.1395 0.2266

Panel B: Mass Unemployment

Log Percentage Unemployment -0.0133** -0.0183 0.0024 0.0021 -0.0989* 0.0526 -0.0211 -0.1432*** -0.1272** -0.2061 -0.0281
(0.0064) (0.0575) (0.0100) (0.0074) (0.0527) (0.0507) (0.0132) (0.0429) (0.0510) (0.1406) (0.0563)

Log Household Income 0.0892** 0.1708 0.0776 0.0080 0.5574* 0.7367 0.1115 0.1793 -0.1078 0.4193 -0.0045
(0.0356) (0.4531) (0.0545) (0.0484) (0.3062) (0.5356) (0.0813) (0.2694) (0.3865) (0.8254) (0.3544)

Massunemployment 0.3123 -5.5622 0.3379 -0.7231** 0.7971 -4.6480 1.0287* 0.5944 4.2269* -6.2270 0.8142
(0.2972) (3.5046) (0.4936) (0.3528) (1.2705) (3.2316) (0.5637) (1.9460) (2.1483) (5.9876) (3.1683)

Interaction Log Perc Unemployment and Massunemployment -0.0138 0.2409 -0.0263 0.0041 -0.0244 0.0131 0.0122 0.0154 -0.3191* 0.6257 -0.1556
(0.0168) (0.1838) (0.0342) (0.0178) (0.0730) (0.1279) (0.0277) (0.0929) (0.1611) (0.4917) (0.2356)

Interaction Log household income and Massunemployment -0.0383 0.6430 -0.0485 0.0793* -0.0833 0.5229 -0.1114* -0.0857 -0.4546* 0.7496 -0.0754
(0.0347) (0.4146) (0.0584) (0.0407) (0.1459) (0.3594) (0.0647) (0.2111) (0.2366) (0.6686) (0.3725)

Observations 892 870 892 892 892 892 892 879 891 879 891
Number of region 104 104 104 104 104 104 104 104 104 104 104
Adjusted R-squared 0.7384 0.3446 0.8234 0.5207 0.3662 0.7257 0.7181 0.5664 0.7212 0.1451 0.2903

Panel C: Crisisdefinition1

Log Percentage Unemployment -0.0171*** -0.0050 -0.0036 0.0027 -0.1004* 0.0842 -0.0271** -0.1621*** -0.1509** -0.1934 -0.0332
(0.0064) (0.0597) (0.0097) (0.0072) (0.0557) (0.0543) (0.0133) (0.0445) (0.0582) (0.1433) (0.0643)

Log Household Income 0.0737** 0.2623 0.0552 0.0148 0.5592* 0.9128 0.0676 0.0963 -0.1306 0.4753 0.0955
(0.0324) (0.4489) (0.0504) (0.0467) (0.3032) (0.5596) (0.0727) (0.2708) (0.4147) (0.7915) (0.4138)

crisisregion definition 1 -0.0286 -0.3609 0.1775 -0.0328 -0.1448 1.0694 -0.4387 -0.5726 0.7800 -0.6445 -0.3753
(0.0904) (1.3992) (0.1803) (0.1837) (0.8138) (1.4880) (0.2759) (0.8086) (0.9541) (2.4493) (0.6306)

Interaction Log Perc Unemployment and Crisisregion1 -0.0033 -0.0211 -0.0113 -0.0015 0.0050 -0.0620 0.0024 0.0026 -0.0727* -0.0873 0.0199
(0.0036) (0.0468) (0.0080) (0.0071) (0.0253) (0.0419) (0.0094) (0.0246) (0.0413) (0.1150) (0.0276)

Interaction Log household income and Crisisregion1 0.0033 0.0338 -0.0227 0.0037 0.0300 -0.1160 0.0492 0.0646 -0.1030 0.0481 0.0736
(0.0106) (0.1617) (0.0207) (0.0206) (0.0925) (0.1648) (0.0306) (0.0905) (0.1174) (0.2843) (0.0695)

Observations 892 870 892 892 892 892 892 879 891 879 891
Number of region 104 104 104 104 104 104 104 104 104 104 104
Adjusted R-squared 0.7367 0.3453 0.8207 0.5158 0.3645 0.7282 0.7192 0.5652 0.7130 0.1443 0.2636

Panel D: Crisisdefinition2

Log Percentage Unemployment -0.0169** -0.0013 -0.0049 0.0034 -0.1098* 0.0998* -0.0264** -0.1548*** -0.1172** -0.1768 -0.0486
(0.0065) (0.0637) (0.0100) (0.0077) (0.0572) (0.0564) (0.0131) (0.0444) (0.0522) (0.1444) (0.0659)

Log Household Income 0.0740** 0.2826 0.0584 0.0156 0.5102* 0.9408 0.0725 0.1213 -0.0567 0.5337 0.0076
(0.0323) (0.4568) (0.0521) (0.0465) (0.2972) (0.5787) (0.0728) (0.2663) (0.3969) (0.7747) (0.4318)

crisisregion definition 2 -0.0252 -0.3098 0.2472 -0.1353 -1.2162 0.1434 -0.1759 -0.1093 0.6628 -0.8512 -0.6815
(0.0799) (1.3689) (0.1560) (0.1661) (0.8107) (1.2453) (0.2531) (0.7567) (0.8193) (2.3846) (0.5788)

Interaction Log Perc Unemployment and Crisisregion2 -0.0021 -0.0015 -0.0110* 0.0013 0.0157 -0.0359 -0.0012 0.0242 -0.0817** -0.0497 0.0421*
(0.0030) (0.0367) (0.0064) (0.0060) (0.0219) (0.0345) (0.0081) (0.0222) (0.0397) (0.1101) (0.0248)

Interaction Log household income and Crisisregion2 0.0038 0.0303 -0.0281 0.0150 0.1483 -0.0113 0.0207 0.0159 -0.1037 0.0798 0.1096*
(0.0093) (0.1544) (0.0182) (0.0184) (0.0912) (0.1380) (0.0282) (0.0843) (0.0992) (0.2795) (0.0656)

Observations 892 870 892 892 892 892 892 879 891 879 891
Number of region 104 104 104 104 104 104 104 104 104 104 104
Adjusted R-squared 0.7369 0.3445 0.8198 0.5160 0.3659 0.7287 0.7168 0.5652 0.7173 0.1438 0.2571

Controls and Interactions Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Regional-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Region-specific time trends Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

†The dependent variables, displayed in columns, are the logarithms of all-cause mortality, infant mortality and various cause-specific mortality
rates. Each panel has a different crisis definition and should be read as follows: The first two rows indicate the impact of unemployment and
household income on (cause-specific) mortality rates for non-crisis regions. The third row is a dummy measuring the impact of when a region is in
a state of crisis on (cause-specific) mortality rates. The interaction terms in the fourth and fifth row specify the additional impact unemployment
and household income have on (cause-specific) mortality rates when a region experiences a crisis. Considering that most interaction terms are
insignificant across panels, unemployment and household income do not appear to impact (cause-specific) mortality rates differently between
non-crisis and crisis regions. All specifications include controls for education and degree of urbanisation (and interactions of controls with the
crisis dummy). Furthermore, year-fixed effects, regional-fixed effects, and region-specific time trends are accounted for. Robust standard errors,
clustered by NUTS 2 region, are in parentheses. ***, **, and * denote significance at the 1, 5, and 10 per cent levels, respectively.
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5.3.1 Cross-country Analysis

We investigate this by segmenting our data into five quintiles based on household income and interacting
these with unemployment and household income. We first create dummies for the respective quintiles
and hereafter interact them with all independent variables. The base case scenario is represented by
the yearly bottom 20 per cent of household income across countries. Although we also interacted the
variables education and degree of urbanisation with the household income quintiles, they are not shown
in Table 8 below as they are not the key variables of interest. As expected, regions with in the bottom
quintile are mostly found in the PISG countries, whereas regions in the top quintile mostly belong to
stronger economic countries. To illustrate this, Figure 4 provides the percentage of regions belonging
to each quintile as a percentage of the total amount of regions across years.

Figure 4 Regional Income Quintile Distribution

To make the results across the income distribution somewhat more easily interpretable, below, we
explain the most important outcomes, starting with the first regression where all-cause mortality is the
dependent variable. It is important to keep in mind that the base case for these results is formed by
regions that fall in the bottom 20 per cent of regions according to yearly household income. Thus, the
coefficients in the top two rows on percentage unemployment and household income, with regard to the
cause-specific mortality rates, apply to regions that fall in the bottom 20 per cent of household income.
To understand how our two key economic variables impact (cause-specific) mortality rates in other
income brackets, we need also look at the coefficients of the interaction terms between the respective
quintiles and either unemployment or household income. As such, we can see how unemployment or
household income impacts (cause-specific) mortality within different income brackets.

When looking only at the household income dummies in Table 8, quintile 2 - quintile 5 household
income, for all-cause mortality rates and residual diseases, we observe that the mortality rates appear
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to be higher in the middle-to-higher income brackets. More specifically, compared to the poorest
regions in quintile 1, all-cause mortality rates are 1.3060%, 1.114% and 1.6901% higher in the top
three quintiles (41-60 - 61-80 - 81-100). Ceteris paribus, regions in the top 20 per cent of household
income have 1.6901% higher mortality rates in comparison with the bottom 20 per cent. A similar trend
can be found for mortality due to residual diseases in which the higher quintiles also exhibit somewhat
higher mortality rates. The coefficient of -0.0217 on Log Percentage Unemployment implies that in the
regions forming the yearly bottom 20 per cent of household income, a 1% increase in the percentage
of unemployment leads to a decrease in all-cause mortality rates of −0.0217%. An increase of 1% in
household income leads to an increase in mortality rates of 0.1582%. Recall that these results apply
only to the base case, the bottom 20% of household income. To see whether regions in different wealth
brackets are also more sensitive to change in unemployment and household income, we need to look
at the interaction terms. The coefficients on the interaction terms between the logarithm of household
income and the top three household income quintiles are significantly negative. We illustrate what this
implies for all-cause mortality rates first before elaborating on the cause-specific mortality rates such as
cardiovascular diseases. As mentioned before, a 1% increase in the percentage of unemployment leads
to a decrease in all-cause mortality rates of −0.0217%. Since all interaction terms between the quintile
dummies (representing the income groups) and unemployment are insignificant for all-cause mortality
rates (first column), this effect does not differ across income groups. However, when looking at the
interaction between the income quintiles and the logarithm of household income, we do see differences
across income groups. Although mortality rates in the poorest regions increase by 0.1582% for every
percentage increase in unemployment, mortality rates in the richer regions respond significantly less to
household income. More specifically, a 1% increase in household income in the regions pertaining to
the highest income bracket leads to a decrease in mortality rates of −0.0154% (0.1582% − 0.1736%).
Performing Wald tests indicates that the hypothesis that the added coefficients of the logarithm of
household income and the interaction term between the logarithm of household income and quintile 3,
4, or 5 on all-cause mortality are jointly zero, cannot be rejected. Thus, in relatively richer regions,
all-cause mortality rates do not increase with increases in household income. As we argued above that
mortality rates might increase due to higher household income as a result of unhealthier habits (e.g.
consumption of more alcohol, eating "richer" food), it would seem that this result holds mostly true
for the poorer regions of our sample. Although this might seem counterintuitive, it falls in line with
obesity and/or diabetes research, where among a set of rich countries evidence has been rendered that
the poorest regions in those regions exhibit the highest degree of poor health as measured by obesity
and/or diabetes.

When looking at the interaction terms of unemployment and the quintile dummies for cause-specific
mortality rates, it seems that mortality rates due to cardiovascular diseases decrease by −0.055% for
every percentage increase in unemployment in the bottom household income quintile. The interac-
tion terms (varying between 0.0457% and 0.0532%) for all other quintiles cancel out the impact of
unemployment on mortality rates due to cardiovascular diseases, implying that in all other quintiles,
unemployment does not impact deaths due to cardiovascular diseases.11 A similar reasoning can be
applied to mortality due to cancer and mental diseases with the exception that interaction term on

11Performing Wald tests indicates that the hypothesis that the added coefficients of the logarithm of percentage un-
employment and the interaction term between the logarithm of percentage unemployment and quintile 2, 3, 4, or 5 on
mortality due to cardiovascular diseases are jointly zero, cannot be rejected.
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quintile 2 turns insignificant.12 Lastly, it appears that although increases in household income signi-
ficantly increase deaths in the bottom two quintiles due to diseases in the residual group (0.2429% for
every 1% increase in unemployment), we observe that this positive impact reverses in the top three
quintiles after taking into account the interaction term. Performing Wald tests renders evidence that
it cannot be rejected that the impact of household income and its interaction term with quintile 3
on mortality due to residual diseases is jointly zero, meaning that household income does not impact
mortality due to residual disease in quintile 3. As the Wald tests for household income and the inter-
action terms with quintile 4 or 5 reject that the coefficients are jointly zero, it follows that increases in
household income are associated with decreases in mortality rates due to diseases in the residual group
in quintile 4 and 5. We would attribute this to a similar reasoning as provided for the top 3 quintiles
of all-cause mortality. For completeness, Appendix A.9 provides the regression results across income
distribution and countries with unemployment separated in long- and short-term unemployment.

In Table 8, we construct the income distribution quintiles across countries on a yearly basis. We
also investigate the relationship that unemployment and household income have with health within the
countries across the income distribution. In the following, we construct quintiles based on household
income within a country on a yearly basis and interact these with our key variables of interest. More
specifically, quintile 1 consists out of the poorest regions for the respective year within a country,
whereas quintile 5 comprises the richest regions within a country.

5.3.2 Within-country Analysis

From Table 9, we observe that the household income dummies themselves are not significant on average:
cause-specific mortality rates are not significantly different between income brackets per country. Only
deaths due to cardiovascular diseases appear to be somewhat lower (-1.6699% and -1.1464%) in quintile
2 and quintile 3 (borderline significant) across income brackets. The interaction terms provide more
information. Similarly to Table 8, the coefficients on "Log Percentage Unemployment" and "Log
Household Income" essentially pertain to the bottom 20% of household income per country. The
quintile interaction terms (if significant) need to be added to this coefficient in order see the impact
of the coefficient for the different quintiles. For example, although a 1% increase in unemployment
leads to a decrease in all-cause mortality rates by -0.0231%, this coefficient is significantly smaller for
quintile 3. Here, a 1% increase in unemployment leads to a decrease in all-cause mortality rates by
-0.0047% (-0.0231% + 0.0184%). As the interaction terms between the household income dummies
and unemployment are insignificant for quintile 2, 4 and 5, the coefficient on unemployment in these
quintiles seems to be similar to that described for quintile 1 (-0.0231%). With respect to the relationship
between the interaction terms and unemployment and the cause-specific mortality rates, only deaths
due to cardiovascular diseases render (borderline) significant observations. The negatively significant
relationship (-0.0323% for every 1% increase) between unemployment and deaths due to cardiovascular
diseases is smaller for quintiles 2 and 3. Here, the interaction terms render positive coefficients of 0.0229
and 0.0313, partially cancelling out the negative coefficient of -0.0323 observed in the base case.

12Performing Wald tests indicates that the hypothesis that the added coefficients of the logarithm of percentage un-
employment and the interaction term between the logarithm of percentage unemployment and quintile 2, 3, 4, or 5 on
mortality due to cancer are jointly zero, cannot be rejected. Further Wald tests indicate that the hypothesis that the
joint effect of the logarithm of percentage unemployment and the interaction term between the logarithm of percentage
unemployment and quintile 3, 4 (at 5% level), or 5 on mortality due to mental diseases is zero, cannot be rejected.
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Table 8 Quintile Analysis - Income across Countries†

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
VARIABLES all-cause infant cardio cancer nutrition mental residual otherext traffic homicides suicides

Log Percentage Unemployment (Q1) -0.0217** -0.0723 -0.0550*** -0.0324** 0.0090 0.3012*** 0.0172 -0.1911** -0.2264** -0.1934 -0.1135
(0.0095) (0.1302) (0.0170) (0.0137) (0.0684) (0.1114) (0.0226) (0.0867) (0.1043) (0.2027) (0.1332)

Log Household Income (Q1) 0.1582*** 0.0969 0.1010 0.0516 0.2980 1.8155** 0.2429* 0.6997* 0.3145 -0.2027 -0.9226
(0.0487) (0.7817) (0.0795) (0.0534) (0.4002) (0.8332) (0.1271) (0.3933) (0.3974) (0.9903) (0.7422)

Quintile 2 household income -0.1106 -1.6962 -0.6022 0.9819 -2.9087 9.7567 0.0773 3.7433 8.4281 -8.4299 -6.9996
(0.5853) (7.2923) (0.7728) (0.6892) (5.4310) (6.4348) (1.5053) (4.5748) (5.6616) (10.0098) (7.9355)

Quintile 3 household income 1.3060** 2.1862 -0.0711 1.1015 -1.2514 8.3824 3.4151** 8.8474* 4.7907 -9.5527 -0.9286
(0.5894) (8.1718) (0.9806) (0.6964) (4.0650) (8.4645) (1.3873) (5.1452) (4.8420) (13.2508) (7.0487)

Quintile 4 household income 1.1114* -0.7028 0.0239 0.5875 1.9028 8.0267 4.0676*** 2.6368 2.8316 -4.1223 -8.6107
(0.5685) (7.9128) (0.9622) (0.6876) (5.0176) (7.2144) (1.4509) (4.7680) (5.0070) (11.8516) (7.0060)

Quintile 5 household income 1.6901*** 0.3507 -0.1350 1.6907 5.4283 3.4891 5.5005*** 3.3974 4.8409 6.5659 -8.3153
(0.6210) (8.5780) (1.0737) (1.0313) (5.8095) (8.4291) (1.6364) (5.3293) (5.3266) (13.8026) (6.9883)

Interaction Q2 with log perc unemployment 0.0106 -0.0128 0.0532*** 0.0228 -0.0534 -0.0110 -0.0342 -0.0537 0.0154 0.0362 0.1559
(0.0123) (0.1445) (0.0200) (0.0182) (0.0699) (0.1353) (0.0283) (0.0946) (0.1040) (0.2327) (0.2113)

Interaction Q3 with log perc unemployment 0.0072 0.0297 0.0457** 0.0324* -0.0082 -0.3380*** -0.0423 0.0739 0.1577 0.0110 0.1442
(0.0125) (0.1375) (0.0190) (0.0167) (0.0834) (0.1238) (0.0269) (0.0924) (0.1149) (0.2392) (0.1648)

Interaction Q4 with log perc unemployment 0.0091 0.1098 0.0468** 0.0418** -0.1426 -0.4150*** -0.0252 0.1018 0.0782 0.0922 0.1405
(0.0118) (0.1357) (0.0196) (0.0164) (0.1012) (0.1277) (0.0282) (0.0895) (0.1080) (0.2531) (0.1568)

Interaction Q5 with log perc unemployment 0.0013 0.0822 0.0485** 0.0368** -0.2026* -0.2917** -0.0436 0.1404 0.0967 0.1093 0.1371
(0.0118) (0.1524) (0.0212) (0.0176) (0.1165) (0.1413) (0.0295) (0.0976) (0.1101) (0.2696) (0.1536)

Interaction Q2 with log household income 0.0082 0.1705 0.0748 -0.0996 0.2998 -0.9126 -0.0362 -0.4345 -0.8985 0.8271 0.7209
(0.0628) (0.7733) (0.0846) (0.0732) (0.5654) (0.6781) (0.1619) (0.4926) (0.6185) (1.0714) (0.8680)

Interaction Q3 with log household income -0.1428** -0.2529 0.0181 -0.1195 0.1233 -0.8506 -0.3849** -0.9747* -0.4608 0.8042 0.1374
(0.0622) (0.8612) (0.1031) (0.0723) (0.4207) (0.8697) (0.1484) (0.5390) (0.5221) (1.3797) (0.7646)

Interaction Q4 with log household income -0.1176* 0.0499 0.0096 -0.0543 -0.2856 -0.8933 -0.4412*** -0.2543 -0.2496 0.1854 0.9664
(0.0595) (0.8290) (0.1006) (0.0716) (0.5347) (0.7458) (0.1534) (0.4982) (0.5401) (1.2478) (0.7671)

Interaction Q5 with log household income -0.1736*** -0.1311 0.0200 -0.1541 -0.6054 -0.3733 -0.5750*** -0.3895 -0.4746 -0.8390 0.9841
(0.0638) (0.8821) (0.1135) (0.1057) (0.5935) (0.8637) (0.1688) (0.5526) (0.5694) (1.4568) (0.7695)

Observations 948 913 948 948 948 948 948 933 947 933 947
Number of region 104 104 104 104 104 104 104 104 104 104 104
Adjusted R-squared 0.7584 0.3554 0.8317 0.5644 0.4544 0.7150 0.7164 0.5691 0.7054 0.1140 0.2463
Controls and Interactions Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Regional-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Region-specific time trends Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

†The dependent variables, displayed in columns, are the logarithms of all-cause mortality, infant mortality and various cause-specific mortality rates. The table should be read as follows: the first
two rows indicate the impact of unemployment and household income on (cause-specific) mortality rates, for the bottom quintile (Q1) of household income. Hereafter, quintile dummies for different
income brackets across countries are given in increasing order of household income, measuring purely how (cause-specific) mortality rates depend on a region’s income bracket. The following eight rows
depict interaction terms between quintile dummies for income brackets and unemployment (or household income). These interaction terms measure the additional impact unemployment (or household
income) has on (cause-specific) mortality rates across income brackets. All specifications include controls for education and degree of urbanisation (and interactions of controls with the crisis dummy).
Furthermore, year-fixed effects, regional-fixed effects, and region-specific time trends are accounted for. Robust standard errors, clustered by NUTS 2 region, are in parentheses. ***, **, and * denote
significance at the 1, 5, and 10 per cent levels, respectively.
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On average, it seems that across household income brackets, the relationship between unemploy-
ment and cause-specific mortality rates usually does not differ. Looking at the relationship between
household income and mortality rates across categories, we do not observe many significant differences
across income brackets either within a country. Only the interaction term (0.1767%) between quintile
2 and the logarithm of household income suggests that increases in household income are followed by
increases in mortality due to cardiovascular diseases within this income bracket.13 For completeness,
Appendix A.10 provides the regression results across income distribution within countries, but with
unemployment separated in long- and short-term unemployment.

Comparing the income group analysis across to the income group analysis within countries, there
are a few things that can be noted. Interestingly, all-cause mortality rates do not differ between
income groups when comparing them within a country, but they do differ when comparing them across
countries. Recall that when comparing the income groups across countries, this means that richer
regions are mostly found in richer countries (Germany, Netherlands, Austria). When comparing the
income groups within a country, for instance the richest regions are always selected per country: the
top quintile includes the richest 20% of each country. Considering that the household income quintile
dummies 3 to 5 themselves are significantly positive for the richer regions across countries, but not
within countries, it appears that all-cause mortality rates are higher for the richer regions across
countries, which are mostly found in the richer countries.

Also, the finding across countries that the negative relationship between unemployment and car-
diovascular diseases (and cancer, see Table 8) appears to be driven mostly by poorer regions does
not hold true on a within-country basis. Recall that the interaction terms for quintile 3 until 5 with
unemployment where significantly positive in the cross-country, but not the within-country analysis.
Furthermore, when looking at income groups within a country, the impact of household income on
all-cause mortality rates is (borderline) significantly positive. When looking at income groups across
countries, this significantly positive relationship decreases in size (or even turns negative) for the richer
quintiles 3 to 5.

Income distribution related differences across regions seem to be driven by regional differences across
countries rather than within countries. Although richer regions display slightly higher mortality rates
overall as can be observed by the income bracket dummies across countries, when looking at the inter-
action terms it becomes clear that poorer regions across countries in our sample appear to experience
harmful health effects more than richer regions when the economy improves. We do not find a similar
effect when comparing regions in different income brackets within countries. Thus, we fail to reject
Hypothesis 5 when comparing differences in income brackets across countries, but we reject the hypo-
thesis that the impact of unemployment and household income on mortality differs for different income
brackets within countries.

13The coefficient of the interaction term between quintile 4 and the logarithm of household income on mortality due
to mental diseases is only borderline significant.
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Table 9 Quintile Analysis - Income within Countries†

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
VARIABLES all-cause infant cardio cancer nutrition mental residual otherext traffic homicides suicides

Log Percentage Unemployment (Q1) -0.0231*** 0.0736 -0.0323** -0.0060 -0.0228 0.1388 -0.0327 -0.1649*** -0.1576 -0.0925 0.0817
(0.0086) (0.1015) (0.0154) (0.0126) (0.0726) (0.1100) (0.0201) (0.0513) (0.0994) (0.1838) (0.0894)

Log Household Income (Q1) 0.0842* 0.3488 0.0355 0.0564 0.2306 1.3377 0.0337 0.0420 0.3754 0.4631 0.3482
(0.0451) (0.5971) (0.0826) (0.0719) (0.5175) (0.8731) (0.1223) (0.2948) (0.3680) (1.0293) (0.4558)

Quintile 2 household income -0.4871 -7.5242 -1.6699** 0.6081 -0.1123 8.7256 -0.5008 -2.6529 3.9062 2.0208 2.2964
(0.3483) (4.9402) (0.6912) (0.6086) (3.8602) (7.6344) (0.8363) (2.8397) (2.9636) (7.7245) (4.3146)

Quintile 3 household income -0.5478 -3.7004 -1.1464* -0.1166 -1.1799 6.5013 -0.5255 -3.2163 5.0214 -5.4205 3.5652
(0.3989) (4.4647) (0.6616) (0.5469) (4.3419) (7.0047) (1.1762) (2.1737) (3.7085) (9.5492) (6.7174)

Quintile 4 household income -0.1135 4.6212 -0.9726 0.8022 0.6890 10.3261 -0.4006 -5.5206 4.2161 11.6906 3.9416
(0.4928) (5.4938) (0.7994) (0.6742) (5.4918) (7.0212) (1.4648) (3.5421) (2.9433) (10.3700) (3.1441)

Quintile 5 household income -0.0805 -1.3599 -0.6366 0.6419 7.6369 -6.0998 -0.2651 -2.2202 0.3838 5.7977 0.9124
(0.5726) (6.1873) (0.9671) (0.9660) (5.2857) (7.9178) (1.4044) (3.9166) (3.8004) (12.1097) (4.4213)

Interaction Q2 with log perc unemployment 0.0083 -0.0958 0.0229* 0.0065 0.0647 -0.0993 0.0058 -0.0040 0.0062 -0.1069 -0.0612
(0.0065) (0.0955) (0.0132) (0.0112) (0.0807) (0.1350) (0.0174) (0.0548) (0.0931) (0.1865) (0.0719)

Interaction Q3 with log perc unemployment 0.0184** -0.0471 0.0313** 0.0030 -0.0139 -0.1018 0.0335 0.0420 0.0894 0.0999 -0.0657
(0.0087) (0.1051) (0.0138) (0.0127) (0.0969) (0.1219) (0.0235) (0.0662) (0.1253) (0.2342) (0.1003)

Interaction Q4 with log perc unemployment 0.0077 -0.1648 0.0132 0.0037 0.0077 -0.1684 0.0187 0.0762 -0.0196 -0.0165 -0.0501
(0.0089) (0.1048) (0.0168) (0.0133) (0.1207) (0.1290) (0.0249) (0.0712) (0.1037) (0.1960) (0.0824)

Interaction Q5 with log perc unemployment -0.0004 -0.0875 0.0330 0.0069 -0.2343* 0.1108 -0.0140 0.0298 -0.0075 -0.1930 -0.1505
(0.0100) (0.1405) (0.0200) (0.0166) (0.1188) (0.1498) (0.0249) (0.0830) (0.1012) (0.2099) (0.1032)

Interaction Q2 with log household income 0.0476 0.7486 0.1767** -0.0698 0.0480 -0.9828 0.0423 0.3167 -0.3734 -0.1158 -0.2840
(0.0387) (0.5645) (0.0776) (0.0669) (0.4504) (0.8568) (0.0905) (0.2993) (0.3227) (0.8876) (0.4754)

Interaction Q3 with log household income 0.0564 0.3323 0.1225 0.0053 0.0919 -0.7434 0.0598 0.3684 -0.4943 0.6559 -0.4531
(0.0446) (0.5208) (0.0748) (0.0615) (0.5017) (0.7884) (0.1283) (0.2466) (0.4343) (1.0808) (0.7745)

Interaction Q4 with log household income 0.0047 -0.7281 0.0981 -0.1063 -0.1456 -1.3282* 0.0537 0.6444 -0.3893 -1.4279 -0.4684
(0.0565) (0.6393) (0.0940) (0.0781) (0.6535) (0.7920) (0.1666) (0.4140) (0.3373) (1.2218) (0.3581)

Interaction Q5 with log household income 0.0174 0.1106 0.0450 -0.0064 -0.6364 0.6537 0.0290 0.2148 -0.2271 -0.6121 -0.1834
(0.0634) (0.6850) (0.1095) (0.1059) (0.6213) (0.9723) (0.1562) (0.4285) (0.3797) (1.3384) (0.5393)

Observations 948 913 948 948 948 948 948 933 947 933 947
Number of region 104 104 104 104 104 104 104 104 104 104 104
Adjusted R-squared 0.7523 0.3707 0.8338 0.5619 0.4671 0.7085 0.7056 0.5506 0.7026 0.1155 0.2020
Controls and Interactions Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Regional-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Region-specific time trends Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

†The dependent variables, displayed in columns, are the logarithms of all-cause mortality, infant mortality and various cause-specific mortality rates. The table should be read as follows: the first
two rows indicate the impact of unemployment and household income on (cause-specific) mortality rates, for the bottom quintile (Q1) of household income. Hereafter, quintile dummies for different
income brackets within countries are given in increasing order of household income, measuring purely how (cause-specific) mortality rates depend on a region’s income bracket. The following eight rows
depict interaction terms between quintile dummies for income brackets and unemployment (or household income). These interaction terms measure the additional impact unemployment (or household
income) has on (cause-specific) mortality rates across income brackets. All specifications include controls for education and degree of urbanisation (and interactions of controls with the crisis dummy).
Furthermore, year-fixed effects, regional-fixed effects, and region-specific time trends are accounted for. Robust standard errors, clustered by NUTS 2 region, are in parentheses. ***, **, and * denote
significance at the 1, 5, and 10 per cent levels, respectively.
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Summary. This section outlines our results. Most notably, increases in unemployment are indeed
associated with decreases in all-cause mortality and increases in household income are linked to in-
creases in all-cause mortality. Moreover, in line with existing research, mortality due to cardiovascular
diseases is significantly affected by a change in unemployment/household income whereas mortality
due to cancer is not. Increases in household income are associated with decreases in suicides in the
PISG countries. Furthermore, increases in unemployment are accompanied by falling death rates due
to external causes and traffic accidents. After conducting an analysis on all-cause and cause-specific
mortality, we proceed to a more detailed analysis of the determinants of the link between unemploy-
ment, household income, and mortality: We differentiate between long- and short-term unemployment,
analyse whether a "crisis effect", a disproportional impact during crises, exists and perform an income
quintile analysis. Long-term unemployment has a more significant impact on (cause-specific) mortality
rates than short-term unemployment. Little difference exists between the effect of unemployment and
household income on (cause-specific) mortality rates between crisis and non-crisis regions, disproving
our hypothesis of a "crisis effect". Income-related differences in mortality rates seem to be driven by
cross-country rather than within-country regional differences. In Appendix A.11, we further analyse
how regions differ according to their industry composition, with inconclusive results.

In the next section, we outline how this work contributes to economic research, critically discuss our
approach and methods employed, depict the limitations of our research, and interpret our results. We
deduct policy implications from our interpretations and indicate opportunities for future research.
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6 Discussion

After having introduced the reader to the topic in the literature review and presented our dataset and
methodology, as well as our results, in this section, we discuss and critically reflect about our work.
We start by reviewing our point of departure and how we extend the current body of research. We
then interpret the results of our analysis and discuss its limitations. The section concludes with policy
implications deducted from our results.

6.1 Extending the Research Frontier

Our interest in the matter first sparked when we noticed the conflicting views presented in the literature:
while the existence of an effect of unemployment and household income on mortality can be considered
well-established, its extent and direction are a matter of frequent debate among researchers. Moreover,
few insights exist on whether this effect is actually more pronounced during crises. However, especially
in times of crises, society can not afford insecurity about this link - hence our motivation to contribute
further to this debate. Moreover, we felt that the effect could be different across income brackets, which
if true could imply that health policies might have to be targeted differently across specific income
groups.

Geographic fragmentation. First, on a geographic level, analyses performed so far include cross-
country analyses and regional analyses for single countries. Cross-country analyses compare effects on
a national level among a set of countries. Regional analyses do the same between regions, so far for a
number of individual countries only. Our thesis contributes to the existing body of research, analysing
regional-level data across nine European countries.

Crisis definition. Second, various definitions of crisis exist in the literature, none of which spe-
cifically takes into account individual regional characteristics. We hence set out to develop a way to
incorporate these, introducing two new definitions of crisis: One comparing regions to their own average
unemployment and another comparing them to national average unemployment. We create a relative
measure of crisis both in comparison to what can be considered as the normal regional unemployment
itself and in comparison to a normal national unemployment.

Variables employed. Third, splitting up mortality rates the way we do is innovative in the sense
that typically, the analysis purely focuses on mental health, homicide, and suicide rates or simply
includes them into the group of deaths due to external causes. As we are interested in both these
and traffic accidents, we fragment this group further, enabling us to perform our analysis on a more
detailed level. Furthermore, most research only incorporates one economic key variable at a time -
such as unemployment - and investigates its impact on health. We believe, however, that investigating
the impact of unemployment without accounting for the income in a region may lead to flawed results.
Hence, we conjointly employ unemployment and household income, hypothesising that the effects of
both variables might run via different channels.
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Time horizon. Fourth and last, we include the latest data available. The most recent publications
at the time of writing this thesis included data from 2008 (Stuckler et al., 2009). Including two more
years not only gives more recent insight but also arguably provides us with more regions experiencing
a crisis, as can be seen in Figure A.3 of Appendix A.12: the years 2009 and 2010 add a substantial
amount of regions defined as in a state of crisis; this is constant across all crisis definitions, although
the distribution across other years varies depending on how crisis is defined. This fact underlines the
importance of how the crisis is being defined. We contribute to current research by introducing two
new definitions that shed light on regional differences.

6.2 Interpretation of Results

Where appropriate, we briefly outline the expectations we had towards the respective category before
starting to interpret our results, after browsing the literature and formulating a first, rough version of
our hypotheses. This also serves to later further distinguish certain results.

6.2.1 Unemployment, Household Income, and Mortality

In contrast to our initial expectations - a negative impact of economic downturns on health -, looking
at Hypothesis 1 and 2, we find evidence in line with Ruhm (2000, 2005) in the sense that all-cause
mortality and certain cause-specific mortality rates display economic pro-cyclicality. Unemployment
across methods has a negatively significant relationship with all-cause mortality rates, whereas house-
hold income exhibits a positively significant relationship. We hypothesise that more unemployment
may lead to lower death rates due to a healthier lifestyle (e.g. more walking outside and less stress)
and less work-related traffic accidents. The latter argument is supported by the negative relationship
between unemployment and deaths due to traffic accidents. Furthermore, the positive linkage between
household income and all-cause mortality may be due to what can potentially be described as the "cost
of wealth": economic upturns as measured by higher household income may lead to higher discretion-
ary expenses on unhealthy products such as alcohol and "richer" food that decrease health. In the
following we will refer to this effect simply as the "cost of wealth". This is backed up by the positively
significant relationship between household income and deaths due to cardiovascular diseases. Moreover,
the direction of the coefficient measuring the impact between household income and mortality due to
nutritional diseases is also positive, though not significant across all specifications.14

In Hypothesis 3, we state our belief that analysing the association between unemployment, household
income, and mortality on a regional instead of a national level matters. While the direction and size of
this association are fairly similar for this specification, the significance of the results is stronger for our
regional analysis. Although this may be due to an increased number of observations, we do conclude
that it is important to perform cross-country, regional analyses.

Long- and Short-term Unemployment As not much research exists separating long-term from
short-term employment in this field, it is interesting to observe that the impact of unemployment

14Unemployment generally has a negative relationship with deaths due to nutritional diseases (although not always
significant), supporting the "cost of wealth" argument. Here, unemployment could lead to lower household income,
leading to less discretionary expenses on unhealthy products.
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on cause-specific mortality rates emanates mostly from long-term unemployment as judged by the
significance of the coefficients. As illustrated in Appendix A.13, on average, long-term unemployment
as a percentage of total unemployment is around 40.5% of total unemployment, although long-term as
a percentage of total unemployment is somewhat lower in the PISG countries. Also, especially in the
PISG countries short-term unemployment (and long-term unemployment) has risen substantially over
the last years. Long-term unemployment has a significantly negative impact on all-cause mortality,
whereas short-term unemployment does not. We observe the same effect for mortality rates related to
residual diseases and traffic accidents, leading us to believe that being unemployed for more than twelve
months is more strongly related to health than less than twelve months. A potential reason for this is
that when being unemployed for a longer term, people adjust their lifestyle and cut down discretionary
expenses on expensive unhealthy products such as alcohol and richer foods. The short-term unemployed
might, on average, not adjust their expense pattern substantially. Also, it could be that the long-term
unemployed experience less stress by having come to terms with their unemployment, whereas those
with short-term unemployment are more stressed due to their recent job loss and insecure future. This
might cancel out any positive effects from unemployment on health such as extra free time (to go
for a walk) for the short-term unemployed, but not for the long-term unemployed. It is important,
however, to keep in mind that this is speculation and even though the coefficients on short-term
unemployment are not significant, the size of the coefficients is only somewhat smaller than that
of long-term unemployment. One last interesting observation that deserves more attention in the
future is that increase in long-term unemployment is associated with increases in mortality due to
mental diseases, whereas short-term unemployment is not (and even has a coefficient with the opposite
direction). We interpret this finding as supporting evidence by Reine et al. (2004) that especially
long-term unemployment is linked to poor mental health.

6.2.2 Crises

While the few analyses in the literature explicitly looking at crises are ambiguous, we did expect crises to
have an additional, disproportional impact on people’s health and hence, on mortality rates - especially
in light of the recent severe economic crisis in Europe. Hypothesis 4 reflects these expectations.

Considering, however, that we expected unemployment on average to positively impact death rates,
which we can not confirm, the disproportional effect we expected to find during crises might also not
be present. The impact of unemployment and household income on health does not differ greatly
conditional on a region experiencing a crisis or not. Although a few interaction terms are significant
per panel, the results are not stable across crisis definitions. The most constant result across crisis
definitions is that an increase in unemployment in crisis regions decreases deaths due to traffic accidents
even more than in non-crisis regions. This could be due to work-related traffic being disproportionally
lower in regions experiencing a crisis. Nonetheless, the general takeaway here is that the way in which
unemployment and household income impact mortality rates does not differ greatly between non-crisis
and crisis regions.
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6.2.3 Income Distribution

The set-up of the regressions allows us to observe not only what the impact of being in a certain income
group is on cause-specific mortality, but also whether the impact of our key variables (unemployment
and household income) is different between income brackets. Furthermore, looking at income groups
both across and within countries enables us to investigate whether results are different comparing a
region’s income to income across regions in all countries or regions within a country. In Hypothesis 5,
we state our initial expectation that lower income groups are disproportionally affected by an increase
in unemployment or a decrease in household income. We expected that groups with less discretionary
income might be less able to compensate for job loss or lower income. This could lead to higher
stress levels in lower income groups than in higher income groups (being unemployed and not knowing
whether one can pay the rent at the end of the month may be different from being unemployed and
not being able to go on a holiday). Furthermore, groups with less discretionary income may be obliged
to cut back on essential health drivers such as good nutrition, whereas those in higher income groups
can compensate a loss in income in different ways. We interpret our findings first across countries and
then within countries and conclude comparing a possible difference between the two.

Recall that in contrast to our expectations, increases in household income are followed by increases in
all-cause mortality rates, corresponding to what we describe as the "cost of wealth". This is supported
by the coefficients of the dummies on household income groups, where the richer income brackets have
somewhat higher all-cause mortality rates (and death rates due to residual diseases). Interestingly,
looking at the differences across countries between income brackets, we observe that the strength
of the relationship between household income and mortality is stronger in the poorer regions. The
effect even changes sign when looking at the highest income group. This implies that increases in
household income in the lowest income groups are associated with more deaths, whereas this effect is
be less pronounced in higher income groups. One potential reason for this could be that additional
discretionary income in poorer income regions leads to more expenses on harmful lifestyle habits (e.g.
purchasing more unhealthy food and possibly alcohol, tobacco or drugs) whereas this happens less in
higher income regions across countries. Potentially, increased education or the already higher absolute
level of expenditures on higher lifestyle habits in regions with higher income could be a reason for this.
When analysing this effect across countries as we do in the first specification, most poor regions are
found in poor countries and vice versa. It is important to note that the aforementioned interpretation
should not only be seen as a comparison between poorer and richer regions, but also as a comparison
between poorer countries and richer countries (potentially even Northern and Southern countries with
the exception of Ireland). Continuing this hypothesis, additional discretionary income in poorer (or
possibly Southern) countries may lead to higher expenses on harmful lifestyle habits (e.g. purchasing
more unhealthy food and possibly alcohol, tobacco or drugs), whereas this happens less in higher income
(or possibly Northern) countries. This is in line with prior literature, demonstrating that within richer
countries, diseases such as obesity and diabetes are found more frequently in lower income groups. A
similar reasoning could be applied to the association between increases in unemployment and decreases
in deaths due to cardiovascular diseases in lower income regions.15

15The finding with respect to all-cause mortality rates is supported by findings on death rates due residual diseases.
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Turning to the comparison between income brackets within countries, we check whether the afore-
mentioned interpretation relates mostly to poorer regions in general or to poorer regions in comparison
to regions within a country. On average, within countries, there are few differences between regions.
Neither the dummies for the regions by income brackets themselves, nor the interaction terms with
unemployment and household income provide straightforward, significant results. Differences in mor-
tality rates between regional income brackets are only present when comparing regions on an absolute
income level across and within countries. When trying to improve wealth in poorer regions, policy-
makers should take the finding that increases in household income are associated with increases in
mortality rates especially in poorer regions into account.

6.3 Critique and Limitations

As every academic piece of research, this thesis deserves thorough criticism and needs to be considered
within its own limitations. Most notably, our results are not always stable nor robust across specific-
ations. One easy "way out" would have been to only include one specification and limit our analysis
accordingly; however, one of our core ambitions is to facilitate comparison, which we make possible
by including various specifications. Moreover, we look at regional and national averages without sup-
porting micro-level data. While this in no way limits us in terms of general interpretations, it is not
possible to deduct individual-level inferences and recommendations from our analysis.

Internal validity. Internal validity is an important issue to address since this is required to make
statistical inferences about the population being studied. We address this below.

An important threat to internal validity is OVB. There always is a potential for OVB and if the
omitted variable would not only be a determinant of the independent variable, but also be correlated
with one or more of our regressors, this could bias our estimators. As mentioned before, a number of
variables that we consider to be important relating to lifestyle behaviour (alcohol, tobacco, and drug
consumption) and governmental health expenditures per region were not available on a regional level.
These variables could impact our dependent variable and also be correlated with our regressors. We
do, however, think that controlling for time-invariant effects via a fixed effects model, with the addition
of year-fixed effects and region-specific time trends deals with OVB to a large extent. Nevertheless, we
cannot be certain that our model is not subject to OVB, however small it may be.

The functional form of our model appears to be correctly specified: for instance, interactions are
always interacted with all independent variables and dummies, even though not all interaction terms
are always displayed in the table. We further believe that the scaling of the variables has been done
correctly.

Measurement error does not seem to be a big issue in our research considering the data have been
gathered from Eurostat, which in turn uses national statistics authorities to obtain data. Nevertheless,
in the past, there has been some controversy in particular about the statistics gathered by Elstat, the
Hellenic Statistical Authority, which has repeatedly been accused of falsifying data (EC, 2010). We
consider this to only be a minor issue and do not think it influences our results, especially in light of
the improvements made in (Greece in) recent years to increase the credibility of official data.
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Sample selection bias could have occurred in the process of excluding a number of countries either
due to lack of data (e.g. Italy) or different country settings such as insurance systems (e.g. Central-
European countries). However, we think that our country selection prevents having a highly non-
randomly unbalanced panel and keeps the countries relatively similar. We hence believe that this does
not severely distort our results, especially considering the broad range of countries in the sample.

A more serious issue when investigating the impact of economic on health variables is a possible
simultaneous causality bias. For example, even though it is quite likely that unemployment impacts
health, it could also be the case that the unhealthy are those that become unemployed first. Previous
studies suggest that there may be a truth to both mechanisms (Bartley, 1994; Bartley et al., 2004;
Thomas et al., 2005). Prior literature further indicates that stress caused by loss of income and
lack of activity due to job loss may have a deteriorating effect on health (Graetz, 1993; Mathers and
Schofield, 1998; Morrell et al., 1994). Although these findings are not in line with ours, the direction
of the relationship still flows from unemployment to health. Conversely, Thomas et al. (2005) renders
evidence in favour of the "healthy worker theory": people with ill health or chronic disabilities are less
likely to find employment and that those with poor health are more likely to become unemployed. Thus,
reverse causality can be an issue in our research. It can, however, usually only be dealt with on a micro
level with more detailed information (Kuhn et al., 2009). Regardless, the idea that unemployment (or
other economic variables) affects health is well-established in the literature, leading us to believe that
this does not pose major inference challenges.

Overall, it appears that the internal validity of this research is quite solid. Nonetheless, we do not
reject the possibility of omitted variable and reverse causality bias.

External validity. This thesis analyses the relationship between two well-established economic
measures and a well-established health indicator for a diverse set of countries in Europe. Furthermore,
we account for regional and national time-invariant fixed effects depending on the specification in our
model. Moreover, we employ year-fixed effects and account for region-specific time trends. Given
sufficient data, extending our analysis to similar countries within the EU and the rest of the Western
world seems feasible. Moreover, as we discuss in Subsection 6.5, performing this analysis for countries
at different stages of economic development - and different institutions - has the potential to provide
interesting insights about the link between unemployment, household income, and mortality. However,
the more structurally different the countries analysed are, the bigger the threat to external validity.
As we point out below, the effects might differ for different time horizons. We incorporate data from
as early as it was available; however, as time passes, long-term effects might set in which could be a
threat to external validity across time.

Geographic fragmentation.The geographic fragmentation we look at is at the core of our work.
It does, however, come with a few drawbacks, mostly connected to the lack of regional data for some
countries. Most notably, after due consideration, we decided to exclude Italy, one of the countries
most severely struck by the current crisis - and one of the largest countries in Europe -, from our
analysis. The data gaps for Italy were not random, considering that all regions lacked health data for
2004 and 2005 and a number of regions (mostly south and insular Italy) lacked health data for the
entire observation period. Weighing a substantially less balanced panel in combination with limited
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interpretative value for Italy itself against the intuition of including "crisis countries", we decided to
stick to methodological rigidity. While Ireland does not exhibit a significant lack of data, it is a small
country that does not have a big effect on our analysis. However, including it did not harm and provides
some more general interpretation possibility towards "crisis countries". For us surprisingly, harmonised
education and urbanisation data were only partly available for Sweden. We did, however, run the basic
specification excluding Sweden without a change in results. Greece lacks household income data until
2005 with similar consequences.

Crisis definition. Our results vary, depending on the definition of crisis we employ. One the one
hand, this proves the additional value in developing crisis definitions that take into account regional
characteristics as well as a comparison between region and state. On the other hand, it limits the
possibility to compare our results between crisis definitions, since the results are not stable or significant
across specifications. The fact that results would vary across crisis definition was to be expected, as
they are defined differently. However, due to a lack of overall significance and stability relating to crisis
regions, these results should only be interpreted cautiously.

Variables employed. Our choice of regional fragmentation limits the availability of data, most
notably for control variables but also for some other potentially interesting aspects. In this context,
it is important to have in mind that we analyse a set of European countries that generally speaking,
do not exhibit big differences. Nevertheless, we would have liked to control for age as well as alcohol,
tobacco, and drug consumption. Including age would have given us the opportunity to further analyse
who is most affected by the links we observe, adding to the where and how. Alcohol, tobacco, and
drug consumption have been demonstrated to be related to health as well (Economou et al., 2008) and
would be worthwhile to include in our analysis. Moreover, controlling for health care expenditures per
region would have given us a supply measure of health care, potentially enabling us to draw further
inferences about structural regional patterns or even regional health policy.

Furthermore, performing our analysis for morbidity in addition to mortality rates would provide
us with a more direct short-term measure of the impact of unemployment and household income on
health. Morbidity data add significant value since troublesome health conditions possibly influenced
by economic activity need not necessarily lead to death. These effects cannot be captured by mortality
rates. Unfortunately, none of the above indicators was available on a NUTS 2 level, limiting the scope
of our research.

Time horizon. While we do include a lagged dependent variable in our analysis, the lag we employ
is one year and it is on the explanatory side of the equation. Hence, we only look at direct short-term
effects of unemployment and household income on mortality. Another interesting perspective would be
an extended time horizon, including longer time lags between regressors and the dependent variable,
looking at long-term effects of crises. Especially in light of the severity of the current crisis, it would
be interesting to see whether certain health effects only materialise over a longer time period.
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6.4 Policy Implications

The results we observe lead us to a number of implications for regional, national, and European
policymaking. However, these are careful suggestions rather than strong recommendations, as further
research, is necessary to provide more detailed insight on regional diversity.

After observing what can be described as the "cost of wealth", it is important that policymakers take
this effect into account on a regional level. In this research we demonstrate that regions with a higher
average household income exhibit higher mortality rates. Furthermore, decreasing unemployment,
which usually occurs in economic upturns, increases mortality rates even further. Governments should
find ways to ensure that economic development does not come at the cost of reduced health. Examples
for this could be educating society better how to prudently deal with (unusually high) discretionary
incomes in times of prosperity. Governments could focus even more on stimulating expenditures that
foster a healthy lifestyle and reducing discretionary expenses on unhealthy goods such as alcohol,
tobacco, drugs and rich foods. Furthermore, considering that more employment is accompanied by
higher all-cause mortality rates, one could speculate this might be due to employment-related stress and
less free time to engage in healthy activities such as outdoor activities. To prevent this, governments
could consider crafting programs that help employees deal with employment-related stress and reward
companies that facilitate a better work-life-balance. This way, governments could compensate for the
negative health effect of higher employment. Moreover, policymakers should take into account that the
increases in household income are followed by increases in all-cause mortality mostly for the poorest
regions. As the health in these regions appears to be disproportionally negatively affected in economic
upturns, it is important that they focus in particular on preventing the negative health effects of
economic growth.

Moreover, we see deaths due to traffic accidents rise in periods of economic growth. Governments
should have this in mind when recovering from an economic downturn and take appropriate measures,
such as improving traffic infrastructure to increase safety, traffic education, as well as public awareness
campaigns.

The effect of crises is not stable across specifications and not statistically significant. The absence of
a "crisis effect" could help governments focus on long-term policymaking - including crisis prevention
- without focusing too strongly on unlikely disproportional health effects during a crisis.

This goes hand in hand with the implications drawn from comparing long- to short-term unemploy-
ment effects: short-term unemployment does not have a strong, nor significant impact on mortality.
This gives governments the opportunity to justify not only short-term employment measures but also
measures reducing long-term unemployment (including health-compensating policies). More specific-
ally, the negative relationship between long-term unemployment and all-cause mortality rates implies
that when policymakers aspire to decrease long-term unemployment, they should take concurrent
measures to cancel out any negative health effects. Lastly, policymakers should take into account that
only long-term unemployment is linked to poor mental health, whereas short-term unemployment is
not. Hence, it is important that when long-term unemployment increases, policymakers should take
measures to ensure that this does not deteriorate mental health.
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6.5 Future Research

Extending the research on the link between unemployment, household income, and mortality, our
thesis creates opportunities for future research in many directions. Moreover, overcoming some of its
limitations entails the opportunity to further increase the interpretative value of our results.

Geographic fragmentation. This thesis is, to our best knowledge, the first to perform a cross-
country, regional analysis and provides valuable insights about the similarities and differences between
national and regional analyses. Extending the methodology to a broader and/or different geographic
range in general would be a logical next step. In particular, including a third group of countries that
exhibit certain structural similarities - for example, Central and Eastern European countries - would
provide a fresh and maybe divergent perspective. Performing our analysis on all EU countries would
be an alternative approach to the one we decided for. However, lack of data for some countries would
pose the challenge of a potentially severely unbalanced panel, in which the lack of data might not be
random. Lastly, conducting this research on countries at different stages of development, for example
including developing and emerging economies, could shed light on the influence of institutions and
stage of development on health.

Crisis definition. In this work, we introduced two new definitions of economic crisis and compared
the results to already existing definitions. A potential extension of this analysis would be to perform
previous analyses in the literature with the new crisis definitions where applicable and compare the
new to the existing results. The key feature of the two crisis definitions used in this research is that
they are defined in a relative manner: The first defines a region to experience a crisis compared to the
country’s average unemployment (plus one standard deviation) over a decade. The second defines a
region to experience a crisis compared to the region’s own average unemployment (plus one standard
deviation) over a decade. The takeaway here is that these crisis definitions are not absolute cutoffs,
but are dependent on either the country or the region itself as a relative benchmark. As it can be
expected that different regions have different "normal" rates of unemployment, using relative measures
in future research such as the ones employed in this thesis might add value to the existing body of
literature.

Variables employed. Adding certain variables to our analysis could increase the possibility to
interpret our results in various ways: First, adding morbidity has the potential to provide us with
an even more powerful message, especially looking at the short-term impact of unemployment and
household income on health. Unfortunately, at the time of writing, these data were not available on a
regional level; however, we are confident they exist (potentially for certain countries only) and could
be included, even though maybe in the analysis of a smaller set of countries. Second, regional social
expenditures, particularly health expenditures, would provide us with a measure of health supply
and give us the opportunity to account for measures taken by the government to keep or improve
health. Third, within-country, cross-regional migration and/or migration between neighbouring regions
could provide us with information about work-related mobility. One of the core political concepts
and goals of the EU is to provide its citizens with (almost) unlimited mobility between its member
states. Incorporating data about this in our analysis, potentially controlling for it, would create the
opportunity to account for the likely fact that workers are inclined to migrate between geographically
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close regions to find employment while this might not be the case for longer distances. Fourth and
last, incorporating a more qualitative analysis of certain regions of interest according to some selected
parameters (e.g. coastal versus land-locked regions, regions close to national borders, regions that
exhibit certain economic characteristics) could add some colour to our method. Nevertheless, such a
qualitative analysis could only be of limited interpretative value, as it would probably not fit into our
statistical model.

Time horizon. Performing our analysis again some years from now and possibly including regressors
that were lagged over a number of years would provide valuable additional insights, mainly due to two
reasons. First, harmonised data are only available from the year 2000 onwards. Understanding if, how,
and why results differ, in five or ten years would be interesting to see. Second, a longer time horizon
could provide valuable information about whether the European economy works in some form of cycles,
and whether and how these cycles are different on a national versus a regional level. Potentially, an
analysis could be performed about whether these cycles become more or less asynchronous over time
and how this affects public health.

Summary. We start this section by pointing out in which ways this thesis contributes to the
body of research and interpreting our results. We continue with a critical assessment of our approach
and methods employed and outline the limitations of our work. We then outline policy implications
resulting from our analysis and point towards interesting future research possibilities. The next section
concludes our thesis.
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7 Conclusion

In this thesis, we set out to investigate unemployment and household income in relation to mortality on
a regional level across European countries. In light of the recent economic crisis, we further hypothesised
that the impact of our two key variables, unemployment and household income, on health might be
different across regions in non-crisis and crisis times. Thereby, we seek to contribute to the ambiguous
literature that researches the relationship between economic change and health.

Our basic findings are in line with Ruhm (2000, 2005) in the sense that we observe a negative relation-
ship between unemployment and all-cause mortality. Mortality due to residual causes, other external
causes, and traffic accidents also decreases when unemployment increases. The negative relationship
between unemployment and mortality rates seems to be driven mostly by long-term unemployment.
Furthermore, increases in household income are associated with increases in all-cause mortality. We
observe a similar positive relationship between deaths due to cardiovascular diseases and household
income. Taking these findings into account, it appears there is a cost of wealth related to economic
upturns: higher unemployment and lower household income may lead to a healthier lifestyle due to
more free time and less discretionary expenses on unhealthy goods. More free time might reduce
stress, which has been shown to deteriorate health via a variety of diseases. Furthermore, less income
might decrease expenses on unhealthy consumption of alcohol, tobacco, drugs and rich foods, which
could have debilitating effects on health via inter alia cardiovascular diseases or conditions relating to
nutrition such as diabetes and obesity. In general, these results are not significantly different between
regions experiencing a crisis and those that do not. Interestingly however, when comparing these
results across countries, the regions that are poorer in absolute terms (thus mostly found in poorer
countries) appear to be most affected by these symptoms.

After contemplating the implications of these results, a number of policy recommendations come
to mind: First and foremost, policy makers aspiring to decrease unemployment and increase income
need to bear in mind that more prosperity might be associated with deteriorated health. Moreover,
these effects are mostly driven by long-term unemployment and occur in relatively poorer income
groups across Europe. Policy makers should hence be especially aware of negative health effects when
trying to improve unemployment or household income in these regions or via long-term unemployment.
Possible education about how to prudently deal with more discretionary expenses and employment-
related stress may contribute to preventing an unhealthy lifestyle. Lastly, when the economy picks up,
it is important that governments try to prevent accidents due to increases in work-related traffic by
educating society more on dangers in traffic and improving conditions that facilitate safe traffic.

To conclude, we call for more research on the relationship between socioeconomic factors and health.
Although our results point towards a counter-cyclical relationship between the state of the economy
and health conditions on a macro-level across regions, the literature is characterised by high ambiguity.
We believe that more research with a regional perspective on both a qualitative and quantitative basis
may not only lead to more clarity in this domain, but also has the potential to improve society’s health.
And as we know from personal experience and as once delicately put in words by the Roman poet Virgil:

"The greatest wealth is health."
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A Appendix

A.1 List of Abbreviations

EC European Commission

ECB European Central Bank

EU European Union

GDP Gross Domestic Product

GNP Gross National Product

GVA Gross Value Added

ICD International Statistical Classification of Diseases and Related Health Problems

IMF International Monetary Fund

NACE Nomenclature Générale des Activités Economiques dans I’Union Européene
— Statistical classification of economic activities in the European Community

NUTS Nomenclature des unités territoriales statistiques
— Nomenclature of Territorial Units for Statistics

OECD Organization for Economic Cooperation and Development

OLS Ordinary Least Squares

OVB Omitted Variable Bias

PIISG Portugal, Italy, Ireland, Spain, and Greece

PISG Portugal, Ireland, Spain, and Greece

WHO World Health Organization
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A.2 Unemployment and Household Income per Country

This appendix displays unemployment percentages and household income for all regions across the
countries in our sample. As can be observed, household income data until 2005 are missing for Greece.

Figure A.1 Unemployment Percentages per Country (%)

Figure A.2 Household Income per Country ( ’000)
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A.3 Model Assumptions, Heteroskedasiticy Test, Serial Correlation Test

This appendix specifies the assumptions underlying a fixed-effects model more explicitly following
Wooldridge (2002). Furthermore, it describes the tests used to check for heteroskedascity and serial
correlation to ensure completeness.

Applying a fixed effects transformation, which is also known as a within transformation because it
exploits time variation within each cross section (which corresponds to NUTS 2 regions), requires a
number of assumptions. The first-fixed effects assumption requires strict exogeneity of the independent
variables xit conditional on the unobserved effect ci:

AssumptionFE.1 E(uit|xi, ci) = 0, t = 1, 2, ..., T

To ensure that the FE estimator is both asymptotically well behaved and efficient we need to make
two more assumptions. Assumption FE.2 ensures that the FE estimator is asymptotically normal (and
also demonstrates why time-invariant variables are not allowed in FE analysis unless interacted with
time-variant variables):

AssumptionFE.2 rank
( T∑

t=1

E(ẍ′itẍit)
)

= rank[E(Ẍ′iẌi)] = K

Lastly, to ensure efficiency of the FE estimator, we require the idiosyncratic errors uit to have a constant
variance across t and to be serially uncorrelated, which is reflected in assumption FE.3:

AssumptionFE.3 E(uiu
′
i|xi, ci) = σ2uIT

To make sure the model’s underlying assumptions are upheld, we need to check for both heteroske-
dasticity and serial correlation. Following Greene (2000, p. 598), we test for heteroskedasticity of our
model, where the null hypothesis assumes homoskedasticity specifying that σ2i = σ2 for i = 1, ..., Ng,
where Ng is the number of NUTS 2 regions. Then let σ̂ = T−1i

∑Ti
t=1 ê

2
it be the estimator of the ith

NUTS 2 region’s error variance, based upon the Ti residuals êit available for the specific NUTS 2
region. Then the modified Wald test statistic (distributed as χ2

i [Ng]) can be defined as:

W =

Ng∑
i=1

(σ̂2i − σ̂2)2

Vi

where the estimated variance of σ̂2i is defined as:

Vi = T−1i (Ti − 1)−1
Ti∑
t=1

(ê2it − σ̂2i )2

The null hypothesis of σ2i = σ2 for i = 1, ..., Ng is rejected for all mortality rate categories, indicating the
presence of possible heteroskedasticity which could bias our estimates if not accounted for. Therefore,
we need to adjust our standard errors to make sure that our estimators are robust and consistent in
the presence of heteroskedasticity.
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According to Wooldridge (2002), serial correlation in {uit : t = 1, ..., T} can bias the usual FE stand-
ard errors and lead to misleading inferences. Hence, it is important to check and account for serial
correlation. Following Wooldridge (2002) and Drukker (2003), we use the residuals from a regression
in first-differences defined as follows:

yit − yit−1 = (xit − xit−1)β + uit − uit−1

∆yit = ∆xitβ + ∆uit

After obtaining the residuals êit from (A.3) and regressing these on their respective lags (êit−1), the
null hypothesis (Corr(∆uit,∆uit−1) = −0.5) that the coefficient equals -0.5 can be rejected for the
specification on almost all category-specific mortality rates where we detect serial correlation.16

Consequently, as explained before, we cluster our standard errors at NUTS2 level following Drukker
(2003) to ensure heteroskedasticiy and autocorrelation consistent estimators.

16Only with deaths due to homicides and suicides as the dependent variable we do not detect serial correlation.
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A.4 Non-crisis versus Crisis Countries

This appendix illustrates the relationship between household income and unemployment with respect
to (cause-specific) mortality rates. Countries have been segmented according to whether they belong
to crisis-struck countries or not. The countries most substantially struck by poor economic times are
those corresponding to the commonly known PISG countries.

Table A.1 Unemployment and Household Income on Mortality Rates - Non-crisis versus Crisis
Countries†

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
VARIABLES all-cause infant cardio cancer nutrition mental residual otherext traffic homicides suicides

Panel A: Non-crisis Countries: Austria, Belgium, Germany, Netherlands, Sweden

Log Percentage Unemployment 0.0028 0.1104 0.0373** -0.0003 -0.2719*** -0.0869 -0.0077 -0.0467 0.0249 -0.1665 0.0458
(0.0054) (0.0749) (0.0146) (0.0080) (0.0936) (0.0639) (0.0163) (0.0347) (0.0581) (0.1845) (0.0349)

Log Household Income 0.0161 -0.3200 0.0695 -0.0555 0.1304 0.5278 -0.2268** 0.0474 0.0569 -0.5154 0.0141
(0.0388) (0.5517) (0.0746) (0.0677) (0.4544) (0.3616) (0.0878) (0.3432) (0.4432) (1.1249) (0.2732)

Education 0.0003 0.0048 -0.0002 -0.0008 -0.0067 0.0063 0.0027 0.0022 -0.0133 0.0244 0.0011
(0.0006) (0.0095) (0.0014) (0.0012) (0.0104) (0.0079) (0.0019) (0.0060) (0.0094) (0.0219) (0.0037)

Degree of urbanisation -0.0408 -0.1168 -0.0232 -0.0297 -0.0315 -0.0407 -0.0482 -0.3019 -0.4187 -0.4014 -0.4691**
(0.0261) (0.3456) (0.0534) (0.0503) (0.4620) (0.3487) (0.0753) (0.2594) (0.3002) (0.7645) (0.1955)

Observations 675 641 675 675 675 675 675 669 675 669 675
Number of region 69 69 69 69 69 69 69 69 69 69 69
Adjusted R-squared 0.8247 0.3880 0.8559 0.5382 0.4875 0.8138 0.7776 0.6154 0.6961 0.1142 0.3566
Year-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Regional-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Region-specific time trends Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Panel B: Crisis Countries: Portugal, Ireland, Greece, Spain

Log Percentage Unemployment -0.0016 -0.0407 -0.0450*** -0.0076 0.0149 0.3769** 0.0485 -0.0888 -0.2495** -0.1171 -0.0023
(0.0166) (0.1569) (0.0137) (0.0144) (0.0473) (0.1601) (0.0331) (0.0900) (0.1056) (0.2280) (0.1870)

Log Household Income 0.1512* -0.4361 0.1586* 0.1182* 0.9558* 1.0461 0.2222 0.7726* 0.1215 0.5032 -1.8365**
(0.0858) (0.7206) (0.0879) (0.0685) (0.5158) (1.2778) (0.1790) (0.3823) (0.5061) (1.3314) (0.7683)

Education 0.0012 -0.0421* -0.0005 0.0012 -0.0082 -0.0254 0.0062 0.0133 -0.0498*** -0.0809** 0.0430*
(0.0030) (0.0246) (0.0014) (0.0016) (0.0097) (0.0191) (0.0058) (0.0187) (0.0171) (0.0317) (0.0229)

Degree of urbanisation -0.0213 -0.0749 -0.0612 0.1021 0.4494 1.4585** -0.1233 -0.1383 0.5004 -0.2550 -0.5639
(0.0453) (0.5187) (0.0564) (0.0731) (0.2891) (0.7107) (0.1054) (0.3290) (0.3593) (0.7204) (0.6797)

Observations 273 272 273 273 273 273 273 264 272 264 272
Number of region 35 35 35 35 35 35 35 35 35 35 35
Adjusted R-squared 0.6843 0.3568 0.7927 0.5893 0.3524 0.2792 0.5948 0.3957 0.7322 0.1513 0.1836
Year-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Regional-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Region-specific time trends Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

†The dependent variables, displayed in columns, are the logarithms of all-cause mortality, infant mortality and various cause-specific mortality
rates. The independent variables of interest are the logarithms of unemployment and household income in the first two rows of each panel. Panel
A depicts the results for non-crisis countries (Austria, Belgium, Germany, Netherlands, Sweden), whereas panel B displays the results for crisis
countries (Portugal, Ireland, Greece, Spain). All specifications include controls for education and degree of urbanisation and year-fixed effects.
Furthermore, year-fixed effects, regional-fixed effects and region-specific time trends are accounted for. Robust standard errors, clustered by NUTS
2 region, are in parentheses. ***, **, and * denote significance at the 1, 5, and 10 per cent levels, respectively.
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A.5 Cross-country Analysis

This appendix displays the relationship between unemployment and household income with cause-
specific mortality rates on a cross-country level.

Looking at panel A, we observe that higher unemployment is followed by a decrease in mortality
rates due to cardiovascular diseases. A similar observation can be made for mortality rates due to other
external causes and traffic accidents. Household income and mortality rates due to nutritional diseases
depict a positive relationship. Panel B includes country-specific time trends and results are somewhat
different. Although the relationship between unemployment and deaths due to other external causes as
well as traffic accidents is similar, the relationship between unemployment and cardiovascular diseases
turns insignificant. Household income, however, positively impacts all-cause mortality rates unlike the
specification excluding country-specific time trends. When including a lagged dependent variable in
panel C, the latter relationship turns insignificant.
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Table A.2 Unemployment and Household Income on Mortality Rates across Countries†

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
VARIABLES all-cause infant cardio cancer nutrition mental residual otherext traffic homicides suicides

Panel A: basic specification

Log Percentage Unemployment -0.0267 -0.2494 -0.0578* 0.0301 0.0752 -0.5328 -0.0569 -0.1788** -0.1709* 0.0238 0.1439
(0.0275) (0.1537) (0.0263) (0.0318) (0.1111) (0.3585) (0.0627) (0.0689) (0.0876) (0.1517) (0.1145)

Log Household Income 0.0377 -0.9268 0.0190 0.0190 2.0727* -0.3259 -0.0879 0.1836 -0.5565 -0.1778 -0.3332
(0.1496) (0.9125) (0.2334) (0.1604) (0.9854) (1.2097) (0.3475) (0.3729) (0.7165) (0.7040) (0.4874)

Education -0.0039* 0.0183 -0.0025 -0.0050 -0.0354 -0.0819*** -0.0045 -0.0044 -0.0196 0.0047 0.0073
(0.0021) (0.0127) (0.0044) (0.0030) (0.0256) (0.0185) (0.0056) (0.0055) (0.0156) (0.0091) (0.0044)

Degree of urbanisation 0.0266 -0.4889 0.0568 0.0397 -0.1357 0.5647 -0.1590 0.0987 -0.0688 -1.1880** 0.1653
(0.0596) (0.2934) (0.0763) (0.0551) (0.6636) (0.5975) (0.1139) (0.1076) (0.1827) (0.3861) (0.3060)

Observations 74 77 74 74 74 74 74 74 74 74 74
Number of region 9 9 9 9 9 9 9 9 9 9 9
Adjusted R-squared 0.6544 0.5848 0.8852 0.3106 0.2090 0.3336 0.2807 0.6095 0.8532 0.3548 0.1815
Year-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Panel B: basic specification including country-specific time trends

Log Percentage Unemployment -0.0181 -0.1059 -0.0135 -0.0075 -0.0380 0.1496 -0.0331 -0.1392** -0.2799*** -0.1210 -0.0905
(0.0179) (0.1225) (0.0503) (0.0122) (0.1778) (0.1900) (0.0411) (0.0437) (0.0207) (0.0846) (0.0592)

Log Household Income 0.1283* -0.6208 0.1857 0.0258 -0.0523 2.3929* -0.0629 0.2020 -0.6727 0.5123 -0.5421
(0.0614) (0.7324) (0.2367) (0.0948) (0.4995) (1.2296) (0.3717) (0.3594) (0.4677) (1.1897) (0.6747)

Observations 74 77 74 74 74 74 74 74 74 74 74
Number of region 9 9 9 9 9 9 9 9 9 9 9
Adjusted R-squared 0.8800 0.7753 0.9183 0.7823 0.6293 0.6566 0.6228 0.7087 0.9245 0.4572 0.3716
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country specific time trends Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Panel C: basic specification including country-specific time trends and lagged dependent variables

Log Percentage Unemployment -0.0287 -0.1139 -0.0179 0.0042 -0.0740 0.1419 -0.0080 -0.2021*** -0.2254*** -0.1011 -0.1099
(0.0162) (0.1113) (0.0411) (0.0163) (0.0554) (0.1053) (0.0579) (0.0376) (0.0549) (0.0943) (0.0840)

Log Household Income 0.1332 -0.9238 -0.0626 0.0341 -1.1567 2.2406* 0.0507 0.0365 -0.4464 0.6510 -0.8034
(0.0804) (0.7753) (0.1822) (0.1364) (0.7237) (1.1681) (0.2664) (0.4250) (0.2695) (1.1394) (0.6889)

Observations 68 75 68 68 68 68 68 68 68 68 68
Number of region 9 9 9 9 9 9 9 9 9 9 9
Adjusted R-squared 0.8816 0.7767 0.9362 0.7848 0.7394 0.8183 0.6378 0.7593 0.9669 0.4958 0.5103
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country specific time trends Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Lagged Dependent Variable Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

†The dependent variables, displayed in columns, are the logarithms of all-cause mortality, infant mortality and various cause-specific mortality
rates. The key independent variables of interest are the logarithms of unemployment and household income in the first two rows of each panel.
All specifications include controls for education and degree of urbanisation. The panels are ordered in order of robustness: Panel A includes
year-fixed and country-fixed effects. Panel B adds country-specific time trends and panel C adds a lagged dependent variable. Robust standard
errors, clustered by NUTS 2 region, are in parentheses. ***, **, and * denote significance at the 1, 5, and 10 per cent levels, respectively.
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A.6 Welch’s T-test - Difference in Coefficients on Regional versus National Level

This appendix displays the differences in coefficients between unemployment and household income
when comparing them between the regional and national sample. As can be seen from table A.3,
there are a number of cause-specific mortality rates that have different coefficients on a regional versus
national basis for both unemployment and household income. This confirms our expectation that
conducting an analysis on a regional basis instead of a country basis may add value and render different
results.

Welch’s T-test is a test used to test for the significance of differences in coefficients when two samples
have equal or unequal sample sizes and unequal variances. When we compare the samples on a regional
versus national basis, we deal with both unequal variance between variables and unequal samples size.17

Welch’s T-test is calculated as follows:

t =
X̄1 − X̄2√

s21
N1

+
s22
N2

whereX̄i, s
2
i , and Ni are the ith sample mean (hence the coefficient), sample variance (hence the squared

standard error), and sample size, respectively. The degrees of freedom v associated with this variance
estimates is approximated using the Welch-Satterthwaite equation:

v ≈
(
s21
N1

+
s22
N2

)2

s41
N2

1 v1
+

s42
N2

2 v2

where vi = Ni − 1

Table A.3 Welch’s T-test: Regional versus National Analysis†

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
VARIABLES all-cause infant cardio cancer nutrition mental residual otherext traffic homicides suicides

Panel B-1: Region-specific specification including region-specific time trends

Log Percentage Unemployment -0.0152*** -0.0314 -0.0106 -0.0014 -0.0679 0.0649 -0.0197* -0.1309*** -0.1459*** -0.1259 0.0038
(0.0050) (0.0566) (0.0095) (0.0059) (0.0452) (0.0546) (0.0116) (0.0349) (0.0458) (0.1232) (0.0606)

Log Household Income 0.1145*** 0.2628 0.1460** 0.0268 0.1619 0.5122 0.0705 0.3464 0.0239 0.4600 -0.0074
(0.0415) (0.4326) (0.0578) (0.0454) (0.2475) (0.5505) (0.0983) (0.2438) (0.2711) (0.8020) (0.5346)

Observations 948 913 948 948 948 948 948 933 947 933 947

Panel B-2: Country-specific specification including country-specific time trends

Log Percentage Unemployment -0.0181 -0.1059 -0.0135 -0.0075 -0.0380 0.1496 -0.0331 -0.1392** -0.2799*** -0.1210 -0.0905
(0.0179) (0.1225) (0.0503) (0.0122) (0.1778) (0.1900) (0.0411) (0.0437) (0.0207) (0.0846) (0.0592)

Log Household Income 0.1283* -0.6208 0.1857 0.0258 -0.0523 2.3929* -0.0629 0.2020 -0.6727 0.5123 -0.5421
(0.0614) (0.7324) (0.2367) (0.0948) (0.4995) (1.2296) (0.3717) (0.3594) (0.4677) (1.1897) (0.6747)

Observations 74 77 74 74 74 74 74 74 74 74 74

Two-tailed Welch’s T-test - Difference in Coefficients on a Regional versus National basis

Difference in Log Percentage Unemployment 0.0029 0.0745*** 0.0029 0.0061*** -0.0299 -0.0847*** 0.0134*** 0.0083 0.134*** -0.0049 0.0943***
Degrees of Freedom 74 79 73 76 74 74 74 81 138 99 85

Difference in Log Household Income -0.0138* 0.8836*** -0.0397 0.0010 0.2142*** -1.8807*** 0.1334*** 0.1444*** 0.6966*** -0.0523 0.5347***
Degrees of Freedom 78 81 74 76 76 75 74 78 77 78 80

†The dependent variables, displayed in columns, are the logarithms of all-cause mortality, infant mortality and various cause-specific mortality
rates. The independent variables of interest are the logarithms of unemployment and household income in the first two rows of panel B-1 and
B-2. The bottom panel displays the difference in coefficients (and significance) for unemployment and household income between the region- and
country-specific specifications. The specifications have the same controls as used in Table 5. Robust standard errors, clustered by NUTS 2 region,
are in parentheses. ***, **, and * denote significance at the 1, 5, and 10 per cent levels, respectively.

17In the unlikely event that variances for variables would be equal between samples, Welch’s T-test provides the same
result as a test specifically designed for unequal sample sizes and equal variances.
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A.7 Within-country Regional Effects

This appendix displays the regional fixed effects analysis separated by country. As can be observed,
Ireland and Sweden are not depicted due to insufficient observations.

Table A.4 Unemployment and Household Income on Mortality Rates within Countries†

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
VARIABLES all-cause infant cardio cancer nutrition mental residual otherext traffic homicides suicides

Austria
Log Percentage Unemployment 0.0006 0.1681 -0.0017 0.0268 -0.0177 -0.1768 0.0165 -0.1152 -0.1593 0.1980 -0.0084

(0.0142) (0.1690) (0.0388) (0.0228) (0.1153) (0.2288) (0.0319) (0.1760) (0.1012) (0.3845) (0.1253)
Log Household Income 0.3864 -0.3398 0.0683 0.7058* 2.6055 -6.9878** 1.2931 -2.4500 -3.4478 -2.2332 0.3005

(0.5301) (3.8741) (0.5076) (0.3442) (3.1538) (2.3467) (1.1544) (1.6717) (2.2116) (7.9347) (1.6602)
Observations 88 88 88 88 88 88 88 82 88 82 88
Number of region 8 8 8 8 8 8 8 8 8 8 8
Adjusted R-squared 0.8245 0.4211 0.9203 0.4075 0.9605 0.6841 0.7942 0.6326 0.6903 0.2075 0.4746

Belgium
Log Percentage Unemployment 0.0018 0.1753 0.0070 -0.0147 0.1561 -0.0480 0.0162 -0.0203 -0.0067 -0.3245 0.0434

(0.0074) (0.1484) (0.0180) (0.0130) (0.1144) (0.0620) (0.0392) (0.0460) (0.1602) (0.3813) (0.0743)
Log Household Income -0.9086** 2.9713 -0.7004 -0.8801 -3.5615 5.4779** -1.3597** -2.8375 -1.3576 10.7376 -3.5897

(0.3459) (5.3186) (0.3981) (0.8062) (2.3989) (2.1677) (0.4642) (1.7609) (4.4842) (15.3032) (2.1417)
Observations 95 110 95 95 95 95 95 95 95 95 95
Number of region 10 10 10 10 10 10 10 10 10 10 10
Adjusted R-squared 0.8387 0.2098 0.9086 0.4703 0.2418 0.6262 0.7585 0.7726 0.7066 0.0638 0.3008

Germany
Log Percentage Unemployment -0.0039 -0.0664 0.0295 -0.0181 -0.4403** -0.2204 0.0352 -0.0254 -0.0825 0.1461 0.0774

(0.0101) (0.1831) (0.0207) (0.0177) (0.1812) (0.2302) (0.0296) (0.0934) (0.0899) (0.3914) (0.0889)
Log Household Income 0.1191 2.1765 0.4242** 0.1124 -2.8335 2.6265 -0.2390 0.3072 2.2333* 0.6569 0.0010

(0.0927) (1.4001) (0.1706) (0.1492) (1.6799) (2.3712) (0.3060) (1.0707) (1.2035) (2.9390) (0.8732)
Observations 354 317 354 354 354 354 354 354 354 354 354
Number of region 36 36 36 36 36 36 36 36 36 36 36
Adjusted R-squared 0.8757 0.3658 0.8109 0.6062 0.3065 0.8480 0.8894 0.6437 0.8085 0.1644 0.4644

Greece
Log Percentage Unemployment 0.0733 0.5320 0.0929 0.1099 -0.1967 0.4938 0.0043 0.0776 0.3738 -0.4213 0.2865

(0.0540) (1.1246) (0.0825) (0.1033) (0.3104) (0.9376) (0.0803) (0.4568) (0.3117) (0.9339) (0.7035)
Log Household Income -0.0882 0.5498 0.0113 -0.3461*** 0.4168 1.6123 -0.0060 -1.0906 0.5170 -0.4430 -0.8741

(0.0987) (1.6559) (0.1621) (0.1129) (0.8903) (3.3546) (0.2916) (1.2631) (1.2657) (1.7963) (1.5365)
Observations 59 59 59 59 59 59 59 58 59 58 59
Number of region 13 13 13 13 13 13 13 13 13 13 13
Adjusted R-squared 0.5118 0.3591 0.7209 0.3596 0.5102 0.0300 0.8459 0.2450 0.5416 0.2198 0.0431

Netherlands
Log Percentage Unemployment 0.0168 -0.0669 0.0117 0.0229 0.0772 -0.0034 0.0104 0.0075 0.2847** -0.6320 0.0255

(0.0104) (0.1411) (0.0146) (0.0206) (0.0560) (0.0474) (0.0191) (0.0801) (0.1141) (0.5507) (0.1219)
Log Household Income -0.0122 -1.5472 -0.1254 0.0075 0.5274 -0.8452** 0.1331 -0.4971 1.8617* -4.5795 -0.3170

(0.1079) (1.2900) (0.2595) (0.1398) (0.7705) (0.3747) (0.2221) (1.1749) (0.9942) (3.2366) (0.7836)
Observations 132 120 132 132 132 132 132 132 132 132 132
Number of region 12 12 12 12 12 12 12 12 12 12 12
Adjusted R-squared 0.8480 0.5568 0.9325 0.5743 0.7055 0.7875 0.6685 0.4580 0.5231 0.0452 0.1867

Portugal
Log Percentage Unemployment 0.0065 -0.3148 -0.0389 -0.0477** -0.0117 0.5131 0.1114 -0.3491* -0.4176 -0.7181 -0.4902

(0.0377) (0.2110) (0.0503) (0.0144) (0.0731) (0.3762) (0.0542) (0.1223) (0.4278) (0.7951) (0.4649)
Log Household Income 0.1475 -9.7097 0.9360 -0.1535 0.4360 -11.1297** -0.4000* 0.6443 10.3633* 20.2881* 0.3589

(0.2672) (5.6342) (0.4543) (0.2518) (1.5154) (2.4588) (0.1428) (1.9289) (3.2683) (7.7887) (3.5097)
Observations 39 39 39 39 39 39 39 39 39 39 39
Number of region 4 4 4 4 4 4 4 4 4 4 4
Adjusted R-squared 0.7794 0.7691 0.9803 0.8391 0.7807 0.9188 0.8167 0.3150 0.7461 0.5553 0.6398

Spain
Log Percentage Unemployment 0.0153 0.1169 -0.0239 0.0181 -0.0193 0.1509 0.0523 0.0847 -0.2381 -0.3051 -0.0688

(0.0210) (0.1980) (0.0146) (0.0192) (0.1094) (0.1312) (0.0462) (0.1075) (0.1725) (0.3420) (0.3395)
Log Household Income 0.3145** -0.9439 0.2770 -0.1169 3.7723** -3.0247** 0.5020 0.8812 -2.3569* 1.4897 -0.4837

(0.1309) (1.7415) (0.2869) (0.2029) (1.4405) (1.1484) (0.3482) (0.7757) (1.2585) (4.5057) (1.5779)
Observations 171 170 171 171 171 171 171 163 170 163 170
Number of region 16 16 16 16 16 16 16 16 16 16 16
Adjusted R-squared 0.7287 0.1430 0.7585 0.6656 0.3389 0.3707 0.5971 0.5234 0.7872 0.1697 0.2196

Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Regional-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Region-specific time trends Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

†The dependent variables, displayed in columns, are the logarithms of all-cause mortality, infant mortality and various cause-specific mortality
rates. The independent variables of interest are the logarithms of unemployment and household income in the first two rows of each panel
representing a separate country. All specifications include controls for education and degree of urbanisation. Furthermore, year-fixed effects,
regional-fixed effects and region-specific time trends are accounted for. Ireland and Sweden drop out due to an insufficient amount of observations.
Robust standard errors, clustered by NUTS 2 region, are in parentheses. ***, **, and * denote significance at the 1, 5, and 10 per cent levels,
respectively.
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A.8 Long- versus Short-term Unemployment during Crises

This appendix displays the relationship between cause-specific mortality rates and our two key vari-
ables of interest, unemployment and household income, in the presence of crises, with unemployment
separated in long- and short-term unemployment. A general interpretation across the four panels for
the different crisis definitions is that the impact of unemployment on cause-specific mortality rates,
whether positive or negative, comes from long-term unemployment. As seen before, short-term unem-
ployment does not significantly impact the cause-specific mortality rates. It only has a (borderline)
negatively significant relationship with all-cause mortality rates. The interaction terms between long-
and short-term unemployment and the crisis dummies across the four panels on average do not render
significant nor stable results. The only somewhat stable result across the four crisis definitions relates
to deaths due to residual causes. Although long-term unemployment negatively impacts mortality
rates due to residual causes, short-term unemployment does not display a significant relationship with
mortality. However, the interaction term between short-term unemployment and the crisis dummy is
(borderline) significant across the four panels. This would imply that when short-term unemployment
goes up in a crisis region, mortality rates due to residual causes go up, whereas the same does not hold
true for a non-crisis region.
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Table A.5 Long- versus Short-term Unemployment during Crises†

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
VARIABLES all-cause infant cardio cancer nutrition mental residual otherext traffic homicides suicides

Panel A: Recession

Log Percentage Long-Term Unemployment -0.0116*** -0.0260 -0.0048 0.0021 -0.0890** 0.1318*** -0.0235*** -0.0783*** -0.0819** -0.1337 -0.0157
(0.0042) (0.0342) (0.0070) (0.0048) (0.0376) (0.0470) (0.0081) (0.0250) (0.0320) (0.0943) (0.0364)

Log Percentage Short-Term Unemployment -0.0068 -0.0592 -0.0045 -0.0007 -0.0219 -0.1501* 0.0074 0.0241 -0.0656 -0.0561 0.0173
(0.0066) (0.0796) (0.0088) (0.0094) (0.0598) (0.0776) (0.0193) (0.0393) (0.0724) (0.1399) (0.1234)

Log Household Income 0.0576 0.1950 0.0286 -0.0257 0.0326 1.4271* 0.1231 0.4855* -0.1331 -0.1023 0.2682
(0.0359) (0.4830) (0.0558) (0.0518) (0.2909) (0.7232) (0.0895) (0.2781) (0.3833) (0.9373) (0.6368)

Recession -0.1318 0.0099 0.2075 -0.0433 -3.9612*** -0.3538 -0.3821 0.5380 0.8955 -1.3610 0.3586
(0.1276) (1.1392) (0.2604) (0.1713) (1.0030) (1.3475) (0.2355) (0.5830) (0.8198) (3.6374) (1.2359)

Interaction Log Perc Long-Term Unemployment and Recession 0.0011 0.0097 0.0049 -0.0040 0.0627* -0.0418 0.0043 0.0053 -0.0019 -0.1564 -0.0429
(0.0033) (0.0359) (0.0092) (0.0059) (0.0316) (0.0440) (0.0087) (0.0190) (0.0302) (0.1077) (0.0274)

Interaction Log Perc Short-Term Unemployment and Recession 0.0085 0.0598 -0.0106 0.0039 0.0190 0.1025 0.0284** -0.0351 0.0237 0.1658 0.0776
(0.0059) (0.0622) (0.0115) (0.0087) (0.0455) (0.0767) (0.0120) (0.0291) (0.0359) (0.1450) (0.0481)

Interaction Log household income and Recession 0.0154 0.0438 -0.0254 0.0025 0.4695*** 0.0466 0.0482* -0.0672 -0.1115 0.1189 -0.0209
(0.0150) (0.1309) (0.0312) (0.0195) (0.1168) (0.1528) (0.0278) (0.0679) (0.0990) (0.4228) (0.1421)

Observations 803 780 803 803 803 803 803 797 802 797 803
Adjusted R-squared 0.7695 0.3873 0.8398 0.5312 0.3442 0.7414 0.7485 0.6001 0.7584 0.1593 0.2488

Panel B: Mass Unemployment

Log Percentage Long-Term Unemployment -0.0092** -0.0389 -0.0036 0.0038 -0.0624* 0.1246*** -0.0187** -0.0801*** -0.0793** -0.1825** -0.0243
(0.0040) (0.0342) (0.0067) (0.0046) (0.0360) (0.0453) (0.0078) (0.0238) (0.0328) (0.0909) (0.0370)

Log Percentage Short-Term Unemployment -0.0095* 0.0006 -0.0068 -0.0049 0.0101 -0.1034 -0.0003 0.0177 -0.0179 -0.0704 -0.0571
(0.0056) (0.0805) (0.0104) (0.0082) (0.0520) (0.0728) (0.0148) (0.0373) (0.0502) (0.1244) (0.0574)

Log Household Income 0.0567 -0.0210 0.0270 -0.0161 0.4941* 1.2773* 0.0798 0.5449** -0.1463 -0.3471 -0.1807
(0.0356) (0.4649) (0.0493) (0.0531) (0.2942) (0.7055) (0.0866) (0.2640) (0.2870) (0.8875) (0.3950)

Massunemployment -0.1778 -2.2829 -0.5049 -0.8103 2.3065 -1.6657 1.0585 -3.6994 3.3289 -18.4493* -4.2008
(0.4701) (5.6560) (0.8220) (0.5645) (2.0016) (2.8057) (0.7394) (2.5640) (3.9799) (10.7858) (4.7442)

Interaction Log Perc Long-Term Unemployment and Massunemployment 0.0107 -0.0327 0.0186 0.0062 -0.0500 -0.0840 0.0027 0.1514** -0.1377 0.5017 0.0662
(0.0144) (0.1627) (0.0218) (0.0161) (0.0568) (0.0985) (0.0154) (0.0709) (0.1360) (0.3326) (0.1518)

Interaction Log Perc Short-Term Unemployment and Massunemployment -0.0006 0.2441** -0.0283 0.0095 -0.0332 0.1299 0.0401** -0.0837 -0.1196* 0.4329 -0.0790
(0.0082) (0.1173) (0.0263) (0.0152) (0.0481) (0.0812) (0.0195) (0.0868) (0.0662) (0.3082) (0.1006)

Interaction Log household income and Massunemployment 0.0204 0.2637 0.0521 0.0902 -0.2671 0.1735 -0.1124 0.4253 -0.3929 2.2482* 0.5034
(0.0567) (0.6808) (0.0978) (0.0666) (0.2364) (0.3361) (0.0863) (0.2979) (0.4829) (1.2609) (0.5700)

Observations 808 784 808 808 808 808 808 802 807 802 808
Adjusted R-squared 0.7741 0.3693 0.8425 0.5332 0.3361 0.7439 0.7538 0.5968 0.7788 0.1569 0.3717

Panel C: Crisisdefinition1

Log Percentage Long-Term Unemployment -0.0089** -0.0429 -0.0026 0.0037 -0.0640* 0.1310*** -0.0196** -0.0833*** -0.0796** -0.1518 -0.0107
(0.0043) (0.0346) (0.0069) (0.0048) (0.0367) (0.0452) (0.0081) (0.0243) (0.0334) (0.0957) (0.0356)

Log Percentage Short-Term Unemployment -0.0137** 0.0277 -0.0139 -0.0046 0.0221 -0.0843 -0.0065 0.0121 -0.0402 -0.0818 -0.0800
(0.0061) (0.0865) (0.0101) (0.0096) (0.0562) (0.0766) (0.0169) (0.0420) (0.0501) (0.1403) (0.0668)

Log Household Income 0.0439 0.0754 0.0164 -0.0118 0.5295* 1.4871** 0.0288 0.4322 -0.0640 -0.2305 -0.0669
(0.0371) (0.4635) (0.0557) (0.0532) (0.3050) (0.7197) (0.0812) (0.2736) (0.2808) (0.8574) (0.3755)

crisisregion definition 1 0.0179 -0.9606 0.1909 0.0324 -0.2770 1.8099 -0.2575 -0.6637 0.2753 -1.9018 0.0973
(0.0875) (1.3157) (0.1732) (0.1964) (0.9289) (1.5860) (0.2472) (0.8189) (1.1593) (2.2616) (0.7791)

Interaction Log Perc Long-Term Unemployment and Crisisregion1 -0.0056 0.0175 -0.0052 -0.0057 0.0456 -0.0738 -0.0151 0.0283 -0.0160 -0.0957 -0.0399
(0.0041) (0.0488) (0.0080) (0.0070) (0.0278) (0.0509) (0.0102) (0.0233) (0.0397) (0.0814) (0.0258)

Interaction Log Perc Short-Term Unemployment and Crisisregion1 0.0005 0.0365 -0.0138 0.0020 -0.0305 0.0264 0.0215* -0.0374 -0.0532 0.1944 0.0619
(0.0049) (0.0735) (0.0108) (0.0102) (0.0365) (0.0589) (0.0116) (0.0344) (0.0438) (0.1301) (0.0432)

Interaction Log household income and Crisisregion1 -0.0034 0.1306 -0.0268 -0.0052 0.0544 -0.2081 0.0276 0.0769 -0.0443 0.2169 0.0074
(0.0106) (0.1550) (0.0210) (0.0223) (0.1055) (0.1808) (0.0288) (0.0945) (0.1408) (0.2681) (0.0914)

Observations 808 784 808 808 808 808 808 802 807 802 808
Adjusted R-squared 0.7691 0.3666 0.8413 0.5245 0.3291 0.7464 0.7518 0.5915 0.7742 0.1528 0.3646
Controls and Interactions Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Panel D: Crisisdefinition2

Log Percentage Long-Term Unemployment -0.0091** -0.0449 -0.0022 0.0029 -0.0700* 0.1306*** -0.0186** -0.0857*** -0.0747** -0.1640* -0.0164
(0.0044) (0.0356) (0.0068) (0.0049) (0.0375) (0.0467) (0.0081) (0.0246) (0.0329) (0.0960) (0.0343)

Log Percentage Short-Term Unemployment -0.0122* 0.0424 -0.0143 -0.0012 0.0214 -0.0825 -0.0049 0.0209 -0.0328 -0.0313 -0.0847
(0.0062) (0.0888) (0.0099) (0.0101) (0.0612) (0.0787) (0.0162) (0.0416) (0.0519) (0.1486) (0.0703)

Log Household Income 0.0459 0.0490 0.0253 -0.0143 0.4585 1.4967** 0.0416 0.4293 -0.0231 -0.2518 -0.1071
(0.0372) (0.4697) (0.0566) (0.0525) (0.2981) (0.7402) (0.0821) (0.2706) (0.2782) (0.8641) (0.3747)

crisisregion definition 2 0.0154 -1.0210 0.2626* -0.0684 -1.1923 1.0463 -0.1008 -0.3649 0.2866 -2.1084 -0.2117
(0.0729) (1.3765) (0.1564) (0.1837) (0.8549) (1.3523) (0.2065) (0.7267) (0.8670) (2.4787) (0.6848)

Interaction Log Perc Long-Term Unemployment and Crisisregion2 -0.0050 0.0456 -0.0046 -0.0039 0.0475* -0.0836* -0.0154* 0.0472** -0.0329 -0.0728 -0.0148
(0.0035) (0.0463) (0.0068) (0.0069) (0.0262) (0.0473) (0.0083) (0.0217) (0.0347) (0.0883) (0.0302)

Interaction Log Perc Short-Term Unemployment and Crisisregion2 0.0029 -0.0079 -0.0118 0.0047 -0.0228 0.0537 0.0209* -0.0495 -0.0429 0.2242* 0.0680
(0.0045) (0.0761) (0.0100) (0.0106) (0.0328) (0.0512) (0.0107) (0.0306) (0.0424) (0.1258) (0.0439)

Interaction Log household income and Crisisregion2 -0.0021 0.1311 -0.0322* 0.0061 0.1552 -0.1210 0.0102 0.0475 -0.0539 0.2526 0.0564
(0.0088) (0.1570) (0.0187) (0.0204) (0.0967) (0.1545) (0.0242) (0.0840) (0.1053) (0.3025) (0.0850)

Observations 808 784 808 808 808 808 808 802 807 802 808
Adjusted R-squared 0.7688 0.3670 0.8400 0.5252 0.3292 0.7469 0.7500 0.5928 0.7748 0.1548 0.3684

Number of regions 100 100 100 100 100 100 100 100 100 100 100
Controls and Interactions Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Regional-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Region-specific time trends Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

†The dependent variables, displayed in columns, are the logarithms of all-cause mortality, infant mortality and various cause-specific mortality
rates. Each panel has a different crisis definition and should be read as follows: The first three rows indicate the impact of long- and short-term
unemployment and household income on (cause-specific) mortality rates for non-crisis regions. The third row is a dummy measuring the impact
of when a region is in a state of crisis on (cause-specific) mortality rates. The interaction terms in the fourth, fifth and sixth row specify the
additional impact long- and short-term unemployment and household income have on (cause-specific) mortality rates when a region experiences a
crisis. Considering that most interaction terms are insignificant across panels, long- and short-term unemployment and household income do not
appear to impact (cause-specific) mortality rates differently between non-crisis and crisis regions. All specifications include controls for education
and degree of urbanisation (and interactions of controls with the crisis dummy). Furthermore, year-fixed effects, regional-fixed effects, and region-
specific time trends are accounted for. Robust standard errors, clustered by NUTS 2 region, are in parentheses. ***, **, and * denote significance
at the 1, 5, and 10 per cent levels, respectively.
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A.9 Quintile Analysis - Income across Countries, Long- and Short-term Unem-
ployment

This appendix displays the relationship between cause-specific mortality rates and our two key vari-
ables of interest, unemployment and household income, across income brackets across countries, with
unemployment separated in long- and short-term unemployment. A general interpretation across the
four panels for the different crisis definitions is that the impact that unemployment has on cause-specific
mortality rates, whether positive or negative, mostly comes from the long-term unemployment. As seen
before, short-term unemployment does not significantly impact cause-specific mortality rates (with the
exception of positively impacting suicides). Most interaction terms between the quintile dummies for
income groups are either insignificant or borderline significant for both long- and short-term unemploy-
ment. Hence, we do not find significant differences across income groups with regard to the relationship
between long- and short-term unemployment and mortality rates. The only result worth mentioning
is that the impact of short-term unemployment on deaths due to mental diseases and suicides appears
to be significantly more negative in higher income groups.
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Table A.6 Quintile Analysis - Income across Countries, Long- and Short-term Unemployment†

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
VARIABLES all-cause infant cardio cancer nutrition mental residual otherext traffic homicides suicides

Log Percentage Long-Term Unemployment -0.0180** -0.2490** -0.0346* -0.0217 -0.0224 0.0623 0.0054 -0.0474 -0.1221 -0.2474* -0.3663**
(0.0086) (0.1115) (0.0181) (0.0137) (0.0488) (0.1061) (0.0298) (0.0731) (0.1020) (0.1427) (0.1404)

Log Percentage Short-Term Unemployment 0.0038 0.1401 -0.0189 0.0004 0.0948 0.2966 0.0198 -0.0574 -0.0591 0.3228 0.3979***
(0.0107) (0.1042) (0.0205) (0.0163) (0.0803) (0.1844) (0.0294) (0.0803) (0.1387) (0.2351) (0.1471)

Log Household Income 0.1383** -0.3654 0.0162 0.0271 0.5693 1.9316** 0.2781 0.9735** -0.0804 -0.6781 -1.6906*
(0.0598) (0.9095) (0.0978) (0.0612) (0.4004) (0.9128) (0.1694) (0.4505) (0.5544) (1.0712) (0.9401)

Quintile 2 household income -0.2259 0.8984 -1.2823 0.3691 -1.2031 9.3827 0.3997 6.5275 7.6993 -3.7414 -9.4265
(0.6528) (8.1811) (1.0913) (0.7854) (4.1298) (8.4955) (1.6564) (4.7110) (6.4589) (12.8504) (8.1741)

Quintile 3 household income 2.0102** -0.7824 -0.3659 1.4650* 1.7405 8.3734 5.0154*** 8.9245 6.2706 4.8898 -5.4060
(0.7666) (9.1421) (1.1922) (0.8811) (4.6176) (10.5164) (1.7762) (5.9911) (6.3770) (13.4398) (8.4741)

Quintile 4 household income 1.4150** -7.4568 -0.6619 0.8911 7.0970 12.9931 3.9479** 3.1339 3.8162 -2.2550 -10.5578
(0.6947) (8.3447) (1.1631) (0.8141) (6.1896) (8.2225) (1.6992) (5.4181) (6.4182) (12.8606) (8.1371)

Quintile 5 household income 1.8518** 1.7037 -0.6786 1.2952 7.6547 9.0957 6.1299*** 3.7880 2.9102 7.9602 -11.2316
(0.7499) (9.3875) (1.2877) (1.0572) (6.4728) (9.3198) (1.9916) (5.6781) (6.7698) (13.1904) (8.0367)

Interaction Q2 with log perc long-term unemployment 0.0071 0.1746 0.0366* 0.0298* -0.0490 0.0166 -0.0318 -0.1015 0.0309 -0.0233 0.2889*
(0.0096) (0.1461) (0.0201) (0.0153) (0.0736) (0.1398) (0.0316) (0.0813) (0.1086) (0.2306) (0.1510)

Interaction Q3 with log perc long-term unemployment 0.0163* 0.2092* 0.0388* 0.0254* -0.0043 0.0089 -0.0222 -0.0019 0.0546 0.1655 0.4066***
(0.0094) (0.1199) (0.0198) (0.0146) (0.0629) (0.1109) (0.0320) (0.0753) (0.1060) (0.1845) (0.1455)

Interaction Q4 with log perc long-term unemployment 0.0077 0.2866** 0.0281 0.0297* -0.0952 -0.0891 -0.0130 0.0001 0.0267 0.0944 0.3567**
(0.0091) (0.1140) (0.0195) (0.0151) (0.0875) (0.1175) (0.0325) (0.0746) (0.1085) (0.1635) (0.1495)

Interaction Q5 with log perc long-term unemployment 0.0068 0.2033* 0.0266 0.0282* -0.0142 0.1182 -0.0255 -0.0247 0.0071 0.0483 0.3812**
(0.0094) (0.1193) (0.0223) (0.0164) (0.0942) (0.1247) (0.0324) (0.0799) (0.1113) (0.1812) (0.1487)

Interaction Q2 with log perc short-term unemployment 0.0065 -0.1973 0.0144 -0.0149 0.0654 -0.0599 0.0119 0.0806 -0.0647 -0.1567 -0.2375
(0.0129) (0.1339) (0.0155) (0.0169) (0.0896) (0.1770) (0.0344) (0.0821) (0.1178) (0.2551) (0.1655)

Interaction Q3 with log perc short-term unemployment -0.0303** -0.1871 -0.0133 -0.0111 -0.0394 -0.4500** -0.0414 0.0190 0.0028 -0.5154* -0.4197**
(0.0130) (0.1438) (0.0220) (0.0179) (0.0919) (0.2036) (0.0314) (0.0909) (0.1331) (0.2638) (0.1752)

Interaction Q4 with log perc short-term unemployment -0.0117 -0.1099 0.0052 -0.0086 -0.1211 -0.4412** -0.0035 0.0644 -0.0116 -0.1985 -0.4038**
(0.0124) (0.1289) (0.0211) (0.0187) (0.1038) (0.2206) (0.0347) (0.0972) (0.1412) (0.3106) (0.1620)

Interaction Q5 with log perc short-term unemployment -0.0204* -0.1659 0.0143 -0.0012 -0.2537** -0.5180** -0.0433 0.1163 0.0095 -0.2087 -0.4482***
(0.0119) (0.1294) (0.0233) (0.0199) (0.1089) (0.2190) (0.0355) (0.0889) (0.1519) (0.3040) (0.1664)

Interaction Q2 with log household income 0.0225 -0.0554 0.1553 -0.0291 0.1412 -0.8945 -0.0758 -0.7228 -0.8004 0.2977 0.9996
(0.0714) (0.8903) (0.1200) (0.0859) (0.4339) (0.9294) (0.1834) (0.5170) (0.7115) (1.3961) (0.8995)

Interaction Q3 with log household income -0.2161*** 0.0878 0.0471 -0.1477 -0.1607 -0.8355 -0.5641*** -0.9762 -0.6178 -0.6964 0.6493
(0.0799) (0.9779) (0.1270) (0.0927) (0.4883) (1.0989) (0.1915) (0.6253) (0.6992) (1.3907) (0.9176)

Interaction Q4 with log household income -0.1461** 0.8303 0.0791 -0.0771 -0.8184 -1.3967 -0.4272** -0.2887 -0.3475 0.0357 1.2148
(0.0718) (0.8905) (0.1245) (0.0865) (0.6767) (0.8550) (0.1836) (0.5683) (0.7004) (1.3634) (0.8974)

Interaction Q5 with log household income -0.1878** -0.2567 0.0835 -0.1102 -0.8477 -0.8390 -0.6470*** -0.4125 -0.2377 -1.1310 1.3247
(0.0762) (0.9786) (0.1380) (0.1096) (0.6764) (0.9511) (0.2071) (0.5971) (0.7165) (1.3567) (0.9048)

Observations 845 820 845 845 845 845 845 838 844 838 845
Number of region 100 100 100 100 100 100 100 100 100 100 100
Adjusted R-squared 0.7851 0.3695 0.8448 0.5884 0.3974 0.7332 0.7465 0.5903 0.7681 0.1412 0.2901
Controls and Interactions Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Regional-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Region-specific time trends Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

†The dependent variables, displayed in columns, are the logarithms of all-cause mortality, infant mortality and various cause-specific mortality
rates. The table should be read as follows: the first three rows indicate the impact of long-and short-term unemployment and household income
on (cause-specific) mortality rates, for the bottom quintile (Q1) of household income. Hereafter, quintile dummies for different income brackets
across countries are given in increasing order of household income, measuring purely how (cause-specific) mortality rates depend on a region’s
income bracket. The following twelve rows depict interaction terms between quintile dummies for income brackets and long- and short-term
unemployment (or household income). These interaction terms measure the additional impact long- and short-term unemployment (or household
income) has on (cause-specific) mortality rates across income brackets. All specifications include controls for education and degree of urbanisation
(and interactions of controls with the crisis dummy). Furthermore, year-fixed effects, regional-fixed effects, and region-specific time trends are
accounted for. Robust standard errors, clustered by NUTS 2 region, are in parentheses. ***, **, and * denote significance at the 1, 5, and 10 per
cent levels, respectively.
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A.10 Quintile Analysis - Income within Countries, Long- and Short-term Unem-
ployment

This appendix displays the relationship between cause-specific mortality rates and our two key vari-
ables of interest, unemployment and household income, across income brackets within countries, with
unemployment separated in long- and short-term unemployment. A general interpretation across the
four panel for the different crisis definitions is that the impact that unemployment has on cause-specific
mortality rates, whether positive or negative, mostly comes from long-term unemployment. As seen
before, short-term unemployment does not significantly impact cause-specific mortality rates (with the
exception of positively impacting suicides). Most of the interaction terms between the quintiles and
long/short-term unemployment are either insignificant or borderline significant. It appears that there
is not a lot of difference in the relationship between long/short-term unemployment and cause-specific
mortality rates across income groups within countries. The only somewhat noteworthy result is that
the positive interaction found between unemployment and quintile 3 with respect to cardiovascular
mortality flows mostly from long-term unemployment. However, no substantial trend can be found
here whether poorer or richer regions within a country are impacted more by long-and short-term
unemployment or household income.
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Table A.7 Quintile Analysis - Income within Countries, Long- and Short-term Unemployment†

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
VARIABLES all-cause infant cardio cancer nutrition mental residual otherext traffic homicides suicides

Log Percentage Long-Term Unemployment -0.0150** 0.0457 -0.0246** 0.0082 -0.0579 0.0874 -0.0190 -0.0957** -0.1294* -0.2821 -0.0677
(0.0065) (0.0903) (0.0098) (0.0104) (0.0512) (0.0636) (0.0176) (0.0461) (0.0721) (0.1897) (0.0960)

Log Percentage Short-Term Unemployment -0.0127 -0.0370 -0.0122 -0.0139 0.0812 0.1202 -0.0351 -0.0359 0.0065 0.3974 0.2717**
(0.0092) (0.1268) (0.0154) (0.0165) (0.0655) (0.1832) (0.0251) (0.0687) (0.1029) (0.2842) (0.1215)

Log Household Income 0.0773 0.0853 -0.0168 0.0880 0.4619 2.1639** 0.0197 0.1707 0.1680 0.4766 0.5605
(0.0474) (0.6636) (0.0832) (0.0739) (0.4192) (0.9544) (0.1240) (0.3108) (0.3789) (1.2680) (0.5019)

Quintile 2 household income -0.5475 -11.3435* -1.7074** 0.6034 0.6474 12.9810* -0.8060 -3.6420 4.9658 4.9223 4.0635
(0.3470) (5.7369) (0.6911) (0.6252) (3.4475) (7.5178) (0.8058) (3.0218) (3.0336) (9.2919) (4.9955)

Quintile 3 household income -0.5677 -6.7133 -1.9899*** 0.1102 4.8360 12.8279* -0.3896 -4.6528* 6.3367* 10.3314 3.4350
(0.3878) (5.2328) (0.7250) (0.6167) (4.5849) (7.1564) (1.1650) (2.6756) (3.7570) (10.8553) (7.4545)

Quintile 4 household income -0.3724 2.9325 -1.4685* 0.8041 4.6925 13.3408* -1.0273 -8.1164* 7.7363** 17.4197 6.0035*
(0.5369) (5.8354) (0.8123) (0.7736) (5.9064) (7.4117) (1.5467) (4.4231) (3.2408) (12.5244) (3.4498)

Quintile 5 household income 0.3124 2.6249 -0.1346 0.3507 9.1199 -3.3168 -0.4258 0.4903 -0.9357 13.0466 4.2271
(0.6118) (7.6760) (1.1483) (1.0429) (7.0083) (8.8125) (1.4736) (5.4102) (4.3310) (12.4998) (5.0461)

Interaction Q2 with log perc long-term unemployment -0.0008 -0.1505 0.0170 -0.0088 0.0388 0.0602 -0.0233 -0.0279 0.0605 0.3688* 0.0474
(0.0073) (0.0907) (0.0136) (0.0125) (0.0681) (0.0998) (0.0180) (0.0508) (0.0718) (0.2117) (0.0948)

Interaction Q3 with log perc long-term unemployment 0.0107 -0.0408 0.0471*** -0.0061 -0.1136 -0.0130 -0.0064 0.0345 0.1456* -0.0547 0.0672
(0.0078) (0.0946) (0.0150) (0.0132) (0.1020) (0.0746) (0.0230) (0.0483) (0.0788) (0.2302) (0.0941)

Interaction Q4 with log perc long-term unemployment 0.0165 -0.0461 0.0222 -0.0004 0.0708 -0.0385 0.0212 0.1097* 0.0222 0.1182 0.0792
(0.0100) (0.1062) (0.0155) (0.0117) (0.0861) (0.0940) (0.0220) (0.0632) (0.0761) (0.1996) (0.0973)

Interaction Q5 with log perc long-term unemployment -0.0001 -0.1079 0.0202 -0.0077 -0.0163 0.1086 -0.0126 -0.0244 -0.0046 0.1307 0.0229
(0.0081) (0.1040) (0.0150) (0.0130) (0.0810) (0.0956) (0.0236) (0.0550) (0.0860) (0.2288) (0.1086)

Interaction Q2 with log perc short-term unemployment 0.0247* 0.1302 0.0178 0.0289 -0.0314 -0.3999 0.0674** 0.0831 -0.0750 -0.8001** -0.1678
(0.0132) (0.1748) (0.0198) (0.0236) (0.1052) (0.2438) (0.0327) (0.1079) (0.1153) (0.3746) (0.1613)

Interaction Q3 with log perc short-term unemployment 0.0108 0.1034 -0.0107 0.0034 0.0037 -0.3010 0.0813** 0.0605 -0.1367 -0.1427 -0.1585
(0.0116) (0.1596) (0.0186) (0.0225) (0.1290) (0.2256) (0.0319) (0.0963) (0.1319) (0.3612) (0.1939)

Interaction Q4 with log perc short-term unemployment -0.0007 -0.0863 0.0106 0.0006 -0.1983* -0.2587 0.0285 0.0392 -0.0908 -0.3142 -0.2462*
(0.0139) (0.1701) (0.0191) (0.0223) (0.1117) (0.2183) (0.0347) (0.0967) (0.1124) (0.3740) (0.1378)

Interaction Q5 with log perc short-term unemployment 0.0026 0.0130 0.0011 0.0345 -0.2173* -0.0501 0.0236 0.0150 -0.0226 -0.4892 -0.3192*
(0.0120) (0.1598) (0.0222) (0.0246) (0.1279) (0.2435) (0.0425) (0.1080) (0.1437) (0.3466) (0.1615)

Interaction Q2 with log household income 0.0556 1.1815* 0.1852** -0.0655 -0.0502 -1.5379* 0.0761 0.4258 -0.4960 -0.4574 -0.5120
(0.0398) (0.6677) (0.0786) (0.0688) (0.3991) (0.8503) (0.0871) (0.3214) (0.3320) (1.0613) (0.5562)

Interaction Q3 with log household income 0.0589 0.7193 0.2206*** -0.0201 -0.6091 -1.5394* 0.0513 0.5544* -0.6395 -1.1800 -0.4599
(0.0448) (0.6162) (0.0838) (0.0698) (0.5374) (0.8203) (0.1302) (0.3000) (0.4339) (1.2508) (0.8792)

Interaction Q4 with log household income 0.0340 -0.5387 0.1588 -0.1067 -0.6439 -1.7197** 0.1264 0.9544* -0.7819** -2.0905 -0.7412*
(0.0643) (0.6955) (0.0975) (0.0910) (0.6990) (0.8434) (0.1804) (0.5219) (0.3743) (1.4876) (0.3993)

Interaction Q5 with log household income 0.0007 -0.1376 0.0288 0.0222 -0.9895 0.3090 0.0859 0.1488 -0.0326 -1.4842 -0.5655
(0.0660) (0.8523) (0.1291) (0.1146) (0.7564) (0.9830) (0.1575) (0.5567) (0.4485) (1.4010) (0.6274)

Observations 845 820 845 845 845 845 845 838 844 838 845
Number of region 100 100 100 100 100 100 100 100 100 100 100
Adjusted R-squared 0.7698 0.3871 0.8487 0.5879 0.4070 0.7338 0.7356 0.5802 0.7682 0.1492 0.2030
Controls and Interactions Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Regional-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Region-specific time trends Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

†The dependent variables, displayed in columns, are the logarithms of all-cause mortality, infant mortality and various cause-specific mortality
rates. The table should be read as follows: the first three rows indicate the impact of long-and short-term unemployment and household income
on (cause-specific) mortality rates, for the bottom quintile (Q1) of household income. Hereafter, quintile dummies for different income brackets
within countries are given in increasing order of household income, measuring purely how (cause-specific) mortality rates depend on a region’s
income bracket. The following twelve rows depict interaction terms between quintile dummies for income brackets and long- and short-term
unemployment (or household income). These interaction terms measure the additional impact long- and short-term unemployment (or household
income) has on (cause-specific) mortality rates across income brackets. All specifications include controls for education and degree of urbanisation
(and interactions of controls with the crisis dummy). Furthermore, year-fixed effects, regional-fixed effects, and region-specific time trends are
accounted for. Robust standard errors, clustered by NUTS 2 region, are in parentheses. ***, **, and * denote significance at the 1, 5, and 10 per
cent levels, respectively.
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A.11 Industry Analysis

In this appendix, we analyse how unemployment and household income affect cause-specific mortality
rates due to region-specific characteristics. Although it is virtually impossible to account for all the
different factors influencing health on a regional level, one micro-level factor influencing health could
be the type of work of an employee. In this section, we account for industry variation within regions
by incorporating industry composition. Eurostat offers statistics on industry accounts for both Gross
Value Added (GVA) per industry and the number of employees working in different industry categories.
Although the data are fairly unequally available across regions, making our panel more unbalanced,
both data categories offer sufficient observations to incorporate them in our model. We convert the
absolute quantity of GVA or number of employees per industry category to a percentage relative to its
total per region. The industry categories we look at are the following:18

(1) Category A: Agriculture, forestry, and fishing (referred to as agriculture)

(2) Category B-E: Industry including manufacturing (referred to as industry)

(3) Category F: Construction (referred to as construction)

(4) Category G-J: Wholesale and retail trade; transport, accommodation and food service activities;
information and communication (referred to as trade)

(5) Category K-N: Financial and insurance activities; real estate activities; professional, scientific
and technical activities, administrative and support service (referred to as professional services)

(6) Category O-U: Public administration and defence; compulsory social security; education; human
health and social work activities; other services (referred to as public services)

The sectors given here are transformed to percentages of total, which means that per region, all
sector shares always add up to one. Therefore, we need one sector to serve as the base case scenario
and choose public services, the largest sector on average across our sample.19 Furthermore, on a micro
level, public services is a sector that is unlikely to have a negative impact on an employee’s health. It
seems more likely that working in for instance the sectors industry or construction would affect the
worker’s health. We not only look at how the industry composition, but also how changes therein
affect mortality rates.

Table A.8 displays the impact that regional industry variation has on cause-specific mortality rates.
Regional industry variation is measured as the GVA of a sector compared to the total GVA of a region.
Furthermore, panel B adds the percentage change between years in the aforementioned percentage
GVA per sector to see whether increases or decreases in the industry variation impact health.

18The industry categories are defined according to the Statistical classification of economic activities in the European
Community (NACE) Rev.2 classification.

19On average, public services form 23.5% of the total GVA and 30.2% of the total number of employees across countries.
This makes it the largest sector on average both looking at the GVA and the number of employees.
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A.11.1 Results

When looking at panel A of Table A.8, we observe that the variables measuring the GVA per sector are
mostly insignificant or borderline significant, with a number of exceptions. It appears that particularly
the percentage of construction in a region has an impact on certain cause-specific mortality rates.
When the GVA of construction goes up by 1 percentage point, mortality due cardiovascular diseases
goes down by -2.5573%, whereas cancer goes up by 1.7252%. Furthermore, deaths due to nutritional
diseases surprisingly go up by 20.0435% and suicides by 8.1879%. Deaths due to nutritional diseases also
seem to increase when the percentage of industry increases; a 1 percentage point increase in industry is
accompanied by a 8.248% increase in mortality due to nutritional diseases. Furthermore, a higher share
of agriculture is associated with more deaths due to residual diseases. Mortality in the category residual
causes seems quite sensitive to industry variation in the sense that for a 1 percentage point increase in
respectively (i) agriculture, (ii) industry, (iii) trade, and (iv) professional services, the mortality rates
in this category go up by (i) 3.4692%, (ii) 1.0973, (iii) 1.4873%, and (iv) 1.8413%. Adding growth
rates to this specification leaves most of the observations made before intact and adds a number of
observations. We observe that when the growth rates of GVA of industry and professional services
increase by 1 percentage point, mortality rates due to cardiovascular diseases decrease by -0.1592%
and -0.1903%, respectively. In most cases, adding growth rates renders insignificant coefficients and
the explanatory power of our model as measured by its adjusted R-squared does not always increase
(and sometimes even decreases).

Table A.9 displays the impact that regional industry variation has on cause-specific mortality rates.
Regional industry variation is measured as the percentage of employees working in a sector compared to
the total number of employees in a region. Furthermore, panel B adds the percentage change between
years in the aforementioned percentage employees per sector to see whether increases or decreases in the
industry variation impact health. With regard to the number of employees in each sector, an interesting
but somewhat confusing finding is that more employees in trade and construction go hand in hand with
less people dying due to other external causes. Overall, most coefficients relating to the percentage
of employees in a certain sector and their corresponding growth rates are insignificant. Moreover, the
explanatory power of the model as measured by its adjusted R-squared including industry variation
is mostly lower than it is in the basic workhorse model we employ at the beginning. Furthermore,
the size of the coefficients appears to be large compared to what one would intuitively expect. Hence,
these findings should be read with caution. A more detailed overview is given in Table A.9.

Quite strikingly, both the direction and the significance of our key variables, unemployment and
household income, change when including industry variation. This leads us to interpret the findings
related to industry variation in two ways: First, it appears that there is a possibility that industry
variation and potentially other confounding factors do impact health on a regional level. Second, it
makes us believe that the findings with regard to industry variation should be interpreted cautiously
and that further research is required in this direction.

The results of our industry analysis are inconclusive.
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Table A.8 Industry Analysis - Gross Value Added†

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
VARIABLES all-cause infant cardio cancer nutrition mental residual otherext traffic homicides suicides

Panel A: GVA per industry as a percentage of total

Log Percentage Unemployment 0.0061 0.0947 0.0462*** -0.0119 -0.3142*** -0.1391 0.0208 -0.0241 -0.0691 -0.0415 0.0525
(0.0068) (0.1042) (0.0168) (0.0108) (0.0943) (0.1129) (0.0204) (0.0507) (0.0783) (0.2121) (0.0733)

Log Household Income 0.0701* -0.8298 0.1071 -0.0082 0.4183 2.0872* -0.0070 0.3782 0.0772 2.9108*** -0.0934
(0.0411) (0.6665) (0.0847) (0.0545) (0.4802) (1.2151) (0.1120) (0.3068) (0.4165) (0.9930) (0.5616)

GVA agriculture -0.0771 -2.7335 -1.7562 -0.2731 7.7120 -1.1989 3.4692*** -4.6152 -2.5888 -6.0434 1.6672
(0.5409) (7.0682) (1.1942) (0.7570) (6.2441) (8.7073) (1.1932) (4.5360) (4.5461) (13.5939) (4.8497)

GVA industry 0.2416 1.9836 -0.3469 0.4359 5.8248** -1.3382 1.0973* 0.4017 0.1066 -0.0223 -0.8504
(0.1766) (2.6483) (0.3532) (0.3764) (2.6247) (4.0697) (0.5861) (1.6062) (2.2769) (5.7224) (1.8148)

GVA construction 0.4315 6.8300 -2.5573*** 1.7252*** 20.0435*** 4.2313 1.2034 2.4263 0.2693 -8.8145 8.1879**
(0.2737) (5.0799) (0.7829) (0.5513) (4.9190) (6.9211) (1.0050) (2.4323) (3.8216) (10.5803) (3.2071)

GVA trade 0.3082 2.5008 -0.1336 0.5246 6.3918* 1.1598 1.4873** -1.5059 1.8693 0.1805 -2.9600
(0.2571) (3.6958) (0.5297) (0.5352) (3.5622) (5.7100) (0.7098) (2.5678) (3.1070) (8.7893) (2.9421)

GVA professional services 0.2704 0.7680 -0.5353 0.2497 4.2744 -4.0205 1.8413*** 0.6986 -0.4376 6.1743 -2.7201
(0.2153) (2.8451) (0.5102) (0.5629) (3.4151) (6.5041) (0.6680) (2.4749) (2.5711) (6.6112) (1.7965)

Observations 726 688 726 726 726 726 726 716 725 716 726
Number of region 104 104 104 104 104 104 104 104 104 104 104
Adjusted R-squared 0.7818 0.3993 0.8075 0.5321 0.5286 0.7220 0.7544 0.5968 0.6811 0.1507 0.3923
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Regional-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Region-specific time trends Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Panel B: GVA per industry as a percentage of total and yearly GVA growth rates

Log Percentage Unemployment 0.0121 0.1173 0.0622*** -0.0142 -0.3575*** -0.1504 0.0383* -0.0098 -0.0947 -0.1047 0.0246
(0.0075) (0.1112) (0.0175) (0.0144) (0.1054) (0.1418) (0.0228) (0.0574) (0.0839) (0.2700) (0.0835)

Log Household Income 0.0127 -1.1254 0.1196 -0.1269 -0.1084 0.8333 0.0450 -0.0988 -0.1267 2.1766** -0.0145
(0.0497) (0.7218) (0.0942) (0.0779) (0.7341) (1.1487) (0.1356) (0.4028) (0.4881) (0.9924) (0.5676)

GVA agriculture -0.2090 -4.4254 -3.3681*** 0.3337 16.1068* 5.7277 4.2321*** -2.8339 2.3210 2.3946 -0.7505
(0.5665) (8.6396) (1.1008) (0.8861) (8.3055) (11.4276) (1.4852) (4.2812) (5.5616) (12.0674) (5.8025)

GVA industry 0.3852 1.8013 -0.6069 1.5234*** 10.2242*** 5.7294 0.6689 1.6728 4.5037 -3.9430 1.3328
(0.2750) (3.5513) (0.5582) (0.5534) (3.6650) (5.4738) (0.9366) (2.1256) (3.1091) (5.2037) (2.4780)

GVA construction 0.9024** 10.3030 -3.8002*** 3.3906*** 33.0337*** 13.0266 1.2490 10.8286*** 4.5070 -6.5729 4.7299
(0.3838) (9.0223) (0.9606) (0.8619) (7.7883) (8.8856) (1.5924) (3.7270) (5.1049) (12.8873) (4.6000)

GVA trade 0.2565 3.8806 -1.0088 1.5883** 13.2682** 7.5253 1.2416 -1.0286 6.7837* -0.0626 -2.4234
(0.3630) (4.9822) (0.6873) (0.7259) (5.1681) (8.0249) (1.0570) (3.2956) (3.9482) (7.8594) (3.2457)

GVA professional services 0.2239 -2.3557 -0.4825 1.0020* 6.4436 -1.5805 1.0108 2.3560 3.3649 5.2228 -0.4277
(0.3270) (4.1474) (0.7218) (0.5979) (4.7076) (8.1906) (1.1122) (3.5415) (3.6212) (6.5884) (2.8182)

growth rate GVA agriculture 0.0003 0.0432 0.0008 0.0035 -0.0653* 0.0610 -0.0001 0.0003 0.0302 0.0616 -0.0119
(0.0023) (0.0378) (0.0040) (0.0035) (0.0347) (0.0386) (0.0058) (0.0231) (0.0218) (0.0676) (0.0218)

growth rate GVA industry -0.0285 0.3670 -0.1592*** -0.0543 0.5895* -0.3636 0.0906 0.3531 -0.0881 1.8802** 0.1524
(0.0360) (0.4397) (0.0589) (0.0505) (0.3422) (0.7576) (0.0920) (0.2800) (0.3062) (0.8022) (0.3630)

growth rate GVA construction -0.0375** 0.0134 -0.0375 -0.0435 -0.1150 -0.4766* 0.0005 -0.3464** -0.0870 -0.5864 0.2539
(0.0189) (0.2756) (0.0364) (0.0361) (0.1916) (0.2477) (0.0502) (0.1591) (0.1521) (0.4007) (0.1910)

growth rate GVA trade 0.0193 -0.2039 -0.0263 -0.0907 0.0072 -0.1823 0.0910 0.4388 0.0185 1.4717 0.6944**
(0.0401) (0.4785) (0.0730) (0.0691) (0.4744) (0.6932) (0.1100) (0.3451) (0.3265) (1.0398) (0.3501)

growth rate GVA professional services 0.0318 0.6998 -0.1903*** 0.0236 1.1224** 0.9341 0.1757 0.1351 0.1601 0.0734 0.2546
(0.0352) (0.5173) (0.0691) (0.0735) (0.5083) (0.7802) (0.1066) (0.3355) (0.5989) (0.9081) (0.4125)

growth rate GVA public services 0.0093 -0.4410 -0.0614 0.2194* 0.3734 0.8595 -0.0359 0.5270 0.0617 -0.2916 0.2249
(0.0452) (0.6378) (0.0865) (0.1125) (0.4931) (0.7775) (0.1181) (0.4142) (0.4479) (0.9294) (0.4159)

Observations 671 639 671 671 671 671 671 663 670 663 671
Number of region 104 104 104 104 104 104 104 104 104 104 104
Adjusted R-squared 0.7722 0.3947 0.8140 0.5282 0.4565 0.7421 0.7660 0.6013 0.7213 0.1985 0.4226
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Regional-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Region-specific time trends Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

†The dependent variables, displayed in columns, are the logarithms of all-cause mortality, infant mortality and various cause-specific mortality
rates. The table should be read as follows: the first two rows indicate the impact of unemployment and household income on (cause-specific)
mortality rates, for the public service sector. Panel A includes variables to check how the gross value added (GVA) of a specific sector in a
region as a percentage of total gross value added impacts mortality rates to check whether industry variation matters. Panel B adds the growth
rates of the specific sectors to check whether changes in industry variation matter. All specifications include controls for education and degree of
urbanisation (and interactions of controls with the crisis dummy). Furthermore, year-fixed effects, regional-fixed effects, and region-specific time
trends are accounted for. Robust standard errors, clustered by NUTS 2 region, are in parentheses. ***, **, and * denote significance at the 1, 5,
and 10 per cent levels, respectively.
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Table A.9 Industry Analysis - Number of Employees†

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
VARIABLES all-cause infant cardio cancer nutrition mental residual otherext traffic homicides suicides

Panel A: Employees per industry as a percentage of total

Log Percentage Unemployment 0.0132 0.1700 0.0288 -0.0119 0.0012 -0.0559 0.0345 -0.0929 -0.0612 0.1638 0.0312
(0.0103) (0.1729) (0.0245) (0.0198) (0.0907) (0.1513) (0.0223) (0.0703) (0.1374) (0.3321) (0.1078)

Log Household Income 0.1020 -0.8224 0.0732 0.0190 1.1276*** 1.8258* 0.2112 0.4061 -0.5241 3.2363* 0.3670
(0.0668) (0.8864) (0.1176) (0.0913) (0.3267) (1.0643) (0.1466) (0.4932) (0.7770) (1.6617) (0.8275)

Employees agriculture 0.7222 0.1105 0.7050 0.2359 3.3816 1.9331 1.4992 -2.7064 -6.5508 20.3919** -3.9898
(0.5514) (6.6785) (0.8517) (0.7850) (4.0584) (6.0407) (1.4518) (3.5493) (4.1455) (9.4875) (6.1912)

Employees industry 0.0198 -2.4416 0.7513 -1.0346 -2.4263 -19.6840*** 0.0038 -0.4312 0.0045 22.2176 -4.1598
(0.5510) (10.9106) (0.9907) (0.9118) (4.4724) (7.2473) (1.3678) (2.6054) (3.6621) (14.2612) (6.1949)

Employees construction 0.1414 0.4392 1.6988 -0.1733 -7.4419 10.6215 -1.4280 -9.2089** 3.5004 10.5058 -9.7766
(0.7120) (10.1640) (1.5193) (0.8020) (6.2499) (10.8302) (1.9458) (3.5367) (6.5668) (16.0810) (10.5206)

Employees trade -0.0970 -8.9267* 0.3111 -0.1901 -1.5160 9.8275 0.2204 -7.0049*** -3.0732 18.7597** -5.6722
(0.6292) (4.7295) (1.1252) (0.8819) (6.1453) (8.4869) (1.1764) (2.4064) (3.1171) (8.2265) (5.0315)

Employees professional services -0.3133 4.5786 0.0827 1.2256 6.8203 -5.7761 -2.3762 -1.7288 -8.4976 4.8201 -4.9660
(0.5123) (8.1618) (1.1536) (0.9955) (6.7737) (12.1942) (2.0142) (3.1860) (5.8647) (16.0440) (7.9321)

Observations 458 457 458 458 458 458 458 448 457 448 458
Number of region 104 104 104 104 104 104 104 104 104 104 104
Adjusted R-squared 0.6592 0.3864 0.7975 0.4610 0.7836 0.4503 0.6045 0.5417 0.5346 0.1388 0.3104
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Regional-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Region-specific time trends Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Panel B: Employees per industry as a percentage of total and yearly growth rates Employees per industry

Log Percentage Unemployment 0.0173 0.1722 0.0255 0.0144 0.0424 -0.1406 0.0364 -0.1384 -0.1371 -0.1581 -0.0668
(0.0107) (0.1913) (0.0237) (0.0212) (0.1224) (0.1802) (0.0309) (0.0908) (0.1306) (0.4625) (0.1227)

Log Household Income 0.1918** -0.6481 0.0821 0.1725** 2.0066*** 1.4853 0.4413*** 0.4374 0.1813 2.5798 -0.4579
(0.0758) (1.1953) (0.1284) (0.0831) (0.4726) (1.1476) (0.1525) (0.6879) (0.7624) (2.4304) (0.9141)

Employees, agriculture 0.5892 6.6034 1.0363 -1.5956 7.4904 -13.3597 2.4725 -3.2312 -3.3187 16.4085 4.4808
(0.8033) (6.0300) (1.2229) (1.3065) (5.4520) (14.8843) (2.3483) (5.6839) (4.7553) (14.5992) (8.3581)

Employees, industry 0.2998 -5.0528 0.3624 -1.1224 4.7137 -26.6388* 1.9844 -2.1967 1.8206 21.0097 0.9231
(1.1171) (12.3674) (1.7210) (1.0857) (6.9019) (15.4752) (2.4997) (4.6764) (6.9558) (22.0654) (7.9361)

Employees, construction -1.1339 14.5061 1.6094 -3.8369*** -20.0876** -3.0095 -0.9400 -16.1041** -3.3585 -3.9353 0.4624
(1.1235) (10.8380) (2.4606) (1.2213) (9.9311) (18.7062) (2.6686) (7.9268) (5.8774) (24.0500) (10.5725)

Employees, trade 0.0259 0.9319 -0.2152 -1.0438 -2.2502 -3.8876 3.1704 -9.0502* -3.5398 3.6738 -1.6428
(0.9598) (7.9354) (1.4171) (1.1367) (6.2407) (21.3963) (2.6032) (4.8872) (4.9413) (14.7103) (7.6501)

Employees, professional services -0.5802 -0.9612 0.5182 0.6039 20.6941** -9.2106 -4.9100 -4.2948 3.5744 4.7708 -3.8107
(0.9772) (11.7903) (1.4968) (1.6010) (10.3048) (19.5290) (3.2499) (6.0437) (8.2317) (20.0761) (7.8400)

Growth rate employees, agriculture 0.0084 -0.2744 -0.0313 -0.0109 0.2773* -0.3441 0.0872 -0.0728 -0.0162 0.5203 -0.0881
(0.0238) (0.2238) (0.0245) (0.0232) (0.1589) (0.3413) (0.0544) (0.1169) (0.0705) (0.3997) (0.1903)

Growth rate employees, industry -0.0246 1.0151 0.0954 -0.1954 -0.1134 -1.6648 -0.0919 0.0237 0.4508 0.3818 0.1865
(0.0741) (0.9349) (0.0832) (0.1432) (0.3774) (1.9539) (0.1892) (0.2704) (0.3694) (1.0598) (1.0553)

Growth rate employees, construction 0.0949 -0.9241 -0.0069 0.0065 1.6464*** -1.7532 0.2448* 0.6254 0.6172* 1.1136 0.7302
(0.0761) (0.9816) (0.1214) (0.1326) (0.4991) (1.5428) (0.1307) (0.4867) (0.3554) (0.9691) (0.9441)

Growth rate employees, trade -0.1200 -1.4452 -0.0756 -0.2106 2.4040** -1.5682 -0.2570 0.3191 -0.0037 3.3510 0.5950
(0.1747) (1.9700) (0.2532) (0.3178) (1.1791) (2.6868) (0.4263) (0.6550) (0.9176) (2.8602) (1.9572)

Growth rate employees, professional services 0.0482 0.1750 0.0064 0.0117 -0.0814 -0.1882 0.2583** 0.5628* -0.8571* -0.0938 1.0519*
(0.0490) (1.1902) (0.0862) (0.0740) (0.4460) (0.8314) (0.1284) (0.2855) (0.4385) (1.4433) (0.6037)

Growth rate employees, public services 0.0126 0.9156 0.1005 -0.5380* 1.3586* -4.2355 0.3239 0.1235 0.9887 0.5677 2.2337
(0.1405) (1.7099) (0.1925) (0.3043) (0.7587) (3.3739) (0.3651) (0.5648) (0.6128) (2.1529) (1.8581)

Observations 373 372 373 373 373 373 373 365 372 365 373
Number of region 104 104 104 104 104 104 104 104 104 104 104
Adjusted R-squared 0.6471 0.4192 0.8283 0.4987 0.7775 0.3998 0.6214 0.5319 0.6749 0.3224 0.3866
Control Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Regional-fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Region-specific time trends Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

†The dependent variables, displayed in columns, are the logarithms of all-cause mortality, infant mortality and various cause-specific mortality
rates. The table should be read as follows: the first two rows indicate the impact of unemployment and household income on (cause-specific)
mortality rates, for the public service sector. Panel A includes variables to check how the number of employees of a specific sector in a region
as a percentage of total number of employees impacts mortality rates to check whether industry variation matters. Panel B adds the growth
rates of the specific sectors to check whether changes in industry variation matter. All specifications include controls for education and degree of
urbanisation (and interaction of controls with the crisis dummy). Furthermore, year-fixed effects, regional-fixed effects, and region-specific time
trends are accounted for. Robust standard errors, clustered by NUTS 2 region, are in parentheses. ***, **, and * denote significance at the 1, 5,
and 10 per cent levels, respectively.
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A.11.2 Discussion

After having investigated how death rates vary depending on crises and the income distribution, an
interesting addition is a more detailed analysis of how the industry composition in a region affects
health. Considering that a region’s health is most likely to be dependent on a number of region-
specific features, looking at sector variation is a logical step to push the research frontier even further.
On a micro-level, one could hypothesise that working in sectors with intense manual labour such as
construction is more deteriorating to health than working in a service-based sector such as public
services. Alternatively, living in a region with a large portion of industry may worsen health due to
pollution more than living in a region that is mostly agriculture-based, providing a seemingly more
healthy environment. We expected that the aforementioned examples might materialise on a more
macro level, hence regional scale, as well.

Unfortunately, the results accounting for sector variation are neither robust between industry vari-
ation proxies (GVA and number of employees) nor clear-cut. Compared to the base case sector, public
services, we do observe differences in mortality rates depending on industry composition. However,
these findings do not always appear intuitive nor are they stable between measurement methods for
industry variation. Furthermore, the effect of our key variables, unemployment and household in-
come, on cause-specific mortality rates is distorted when including sector composition and/or change
in sector composition. Moreover, the explanatory power of the model even decreases for certain health
categories. We thus interpret these findings very cautiously and conclude that industry composition
may impact a region’s health, but that this finding is neither robust nor is it clear via which channel
it has an impact on health.
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A.12 Number of Crisis Regions per Year as a Percentage of Total

This appendix depicts the number of crisis regions as a percentage of total regions per year across the
four crisis definitions. Most regions that have experienced a crisis can be found in the years after the
dot-com bubble and the years after the global financial crisis leading into the European sovereign debt
crisis.

Figure A.3 Number of Crisis Regions per Year as a Percentage of Total

A.13 Long versus Short-term Unemployment over Time

This appendix depicts the percentage of long- and short-term unemployment per year. On average,
long-term unemployment is roughly 40% of total unemployment. Furthermore, in the countries that
have endured the latest sovereign debt crisis most intensely, unemployment has risen substantially over
the last years, especially short-term unemployment.
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Figure A.4 Long versus Short-Term Unemployment Percentages over Time
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