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Abstract

Since the seminal paper by Ruhm (2000), a large body of literature agrees on the existence
of pro-cyclical fluctuation between economy’s performance and mortality, and this evidence
has been confirmed also during the Great Recession (GR). In this study we identify a series
of important limitations that may have severely affected previous results. For the first time
in this literature we use patient level data collected by GPs in Italy, reporting mortality
and objectively measured health information on a large representative population sample.
We find a clear positive effect of a rise in unemployment on three important morbidity
outcomes. The lag-lead analysis confirms the validity of our results, with changes in
prevalences following the same dynamics of the unemployment rise since the starting of
the economic slowdown. Our study shows also that the effect of unemployment on the
total mortality is no longer significant when controlling for the existence of poor health
conditions and suggests that the impact of severe economic downturns on population
mortality should be reconsidered.
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1 Introduction

The Great Recession (GR) is considered the deepest global economic downturn since World

War II. The GDP fell significantly in most countries, with a dramatic increase in unemploy-

ment. Introduction of fiscal austerity to alleviate public debt favoured a global slowdown,

with important effects on several domains of individual lives (OECD, 2016). Among them,

health is likely to be a key dimension and, therefore, a large body of economic literature has

investigated the effects of the GR on mortality and proxies of health. By correlating aggregate

mortality data with the unemployment dynamics during the GR, these studies find a negative

and significant association, implying that the probability of dying was lower during the long

economic slump experienced in the past years (McInerney and Mellor, 2012; Ruhm, 2015;

Stevens et al., 2015; Toffolutti and Suhrcke, 2014, among others).1

Despite the vast and mature literature that examines the nexus between economic crisis

and mortality, the actual impact of the GR on health still represents an empirical issue that

necessitates further investigation. Among a wide set of research studies that consider mortality

as a proxy of health status, recently Ruhm (2016) argues that "economic crises affect the

mortality rates in the same way as less severe downturns - leading to improvements in physical

health". In a similar vein, Tapia Granados and Ionides (2017) claim that the short-term impact

of the GR was beneficial for the population mortality of a large sample of EU countries, finding

on average a 0.5% reduction in mortality for a 1% growth in the unemployment rate. At the

same time, Gordon and Sommers (2016) find only a weakly significant association between

unemployment and mortality in the US.

The lack of consensus in this literature calls for a more accurate analysis, which instead

of aggregated mortality rates concentrates on morbidity, with the latter representing a more

precise and timely measure of health status. To the best of our knowledge, the studies by

Currie et al. (2016) and Tekin et al. (2013) are the only ones to address this issue using a

broad set of self-reported health outcomes for a large sample of individuals covering the GR

period. Both studies signal deterioration in individual health, with impacts that are largely

heterogenous across various subpopulations. Notwithstanding, an important limitation of

these studies is that not only do they rely on proxies of individual health, but the proxies are

also self-reported.

1Ruhm and other authors use the term "pro-cyclical" to indicate that in periods of unemployment rise, the
mortality rate declines.
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Building on this literature, in this paper we innovate by estimating the effects of unemploy-

ment during the crisis on individual health trying to overcome several potential weaknesses

that have affected previous empirical works. First, we do not use mortality data as a proxy

of health status, but rather precise and objective measures of individual health. From both

an economic and a clinical perspective, investigating the impact of economic downturns on

health outcomes rather than on mortality is of particular importance, since several health

complications are curable, and as such they may not lead to mortality in the short run. In

fact, medical innovation in the recent decades has transformed once deadly diseases into man-

ageable chronic conditions, which caused substantial increases in life expectancy, but not in

disease free life expectancy (Stuckler et al., 2009). Therefore, a timely reflection of changes

in individual health status is more accurately represented by disease diagnosis rather than

mortality, which at best is likely to materialise with a substantial time lag. Second, we rely

on individual health outcomes assessed by general practitioners (GPs), stored as individual

electronic clinical records (ECRs) collected between 2004 and 2014 on a nationally represen-

tative sample of Italian men and women. The Italian universalistic healthcare provision offers

a particularly favourable setting for this analysis. Third, the longitudinal nature of the health

data for a very large sample of individuals is a substantial novelty in this field, which enables

to control for individual past health conditions and individual fixed effects, ruling out all pos-

sible time-invariant confounders potentially correlated with health status and unemployment.

Fourth, we control for changes in exposure to air pollution concentrations since air pollution

is strictly correlated with the economic cycle and, at the same time, higher pollution concen-

trations can foster the insurgence of specific chronic diseases (Cohen and et al., 2017; Currie

and Neidell, 2005; WHO, 2016).

We find a sharp and positive impact of province unemployment on individual disease

insurgence, implying that the negative economic conditions experienced during the GR have

largely worsened the individual health status. In this respect, our results are in line with

Currie et al. (2016) and Tekin et al. (2013) who investigate the nexus between the recent

crisis and individual health proxies. Interestingly, we further show that the positive effect of

unemployment on individual mortality ceases to be significant once we control for individual

clinical history. This last finding sheds doubts on the reliability of previous results obtained

by employing mortality data, where the estimates on the effect of unemployment on mortality
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might be affected by important omitted information bias. In this respect, our study provides

a valuable contribution to explaining the transmission mechanism between adverse economic

conditions, morbidity and mortality. We conclude that during prolonged and severe economic

downturns, as the GR actually was, individuals are more likely to be affected by the insurgence

of diseases, which could potentially translate into events of death in a longer perspective.

The remainder of the paper is as follows. Section 2 presents the data employed and some

stylised facts on the GR in Italy. Section 3 describes the empirical strategy, followed by

Section 4 in which the econometric results are presented. Section 5 concludes by discussing

the implications and limitations of the evidence obtained. A specific Appendix (Section 6)

includes additional research material.

2 Data

We construct an individual-level and a province-level dataset. Both of them combine individual

Electronic Clinical Records (ECRs) containing diagnoses of chronic diseases and the event of

death, with data on the intensity of GR as described by the province level unemployment

rate. At province level, we also include information on public health expenditure, particulate

pollution and education as tertiary education attainment in the population. The period of

analysis spans from 2004 to 2014.

2.1 Health outcomes and mortality

The main source of data is the Health Search (HS) database, an Italian general practice

registry based on ECRs collected by GPs and representative of the Italian patient population

(Health Search, 2016). The objective nature of the HS data represents one of the strengths of

this study, allowing to avoid the measurement error that pervade self-rated health indicators.

In this respect, Zajacova and Dowd (2011), Crossley and Kennedy (2002) and Dowd and

Zajacova (2007) show that as compared with objective measures, measurement error in self-

rated health data is substantial and proportional to socio-economic disadvantage and age.

Additionally, Baker et al. (2004) report that the number of false negatives in the health

surveys amounts to around 50% for most chronic conditions examined, including diabetes

and hypertension. Moreover, Johnston et al. (2009) find that the probability of false negatives

reporting is significantly higher for low-income groups. Lastly, Bound (1991) points that people
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tend to misreport illnesses. The HS dataset is free of these sources of bias and contains detailed

information on demographic characteristics and individual diagnosis of more than 2 million

patients. We construct a representative panel by selecting a longitudinal balanced sample of

900 GPs in the period between 2004 and 2014.2

The Italian healthcare provision is universalistic and essentially guarantees free access

to health services, offering a particularly favourable setting for our analysis since it avoids

major barriers to access (GP visits are free of charge for the patients). All Italian residents are

obliged to be registered with a GP practice, this latter being chosen on the basis of geographical

proximity.3 Although GPs participation in HS is on a voluntary basis, for the data collection

GPs are selected in order to reproduce the Italian distribution of GPs’ patients by age, sex

and province, and to meet "up-to-standard" quality criteria in terms of coding levels and

consistency in individual medical and clinical history. With the aim of tracking a patient’s

health status and allowing for a systematic collection of all patient’s clinical information, the

ECRs contain daily information collected during each visit, which for the purpose of this

study are collapsed to yearly aggregates. We limit the sample to individuals aged between

15 and 65 who represent the working-age population. Moreover, we select individuals who

never revoke their GP, are observed for at least 2 years, and did not change their residence

outside the province.4 The sample constructed according to this procedure includes about

9,963,062 observations referring to 1,184,263 individuals, who are representative of the Italian

GP patient population (Bianchini et al., 2016).5 Since HS data do not include information on

external causes of death, we focus on total mortality and clinical status as our main outcomes

of interest. Both types of information are included in the HS database with binary indicators

that represent absorbing states and signal whether an individual is died or suffers from a

specific chronic disease. In terms of clinical outcomes, we select pathologies that are relevant

for the epidemiological characteristics of the Italian population, also looking at the cause-

2Although the panel of GPs is balanced, the corresponding panel of patients is unbalanced, mostly due to
mortality over the period of observation (11 years) and to a very minor extent due to patient mobility across
GPs, which unfortunately is impossible to track.

3This feature is extremely important for our analysis since it guarantees that we observe the whole population
and not only sick patients. Patients registered within a practice, with no records of visits, prescription and/or
diseases are assumed to be in a healthy status.

4In Italy, the access to health system requires individuals to register to their GP within the province of
residence. By excluding individuals that have changed their residence in a different province guarantees a
homogenous sample in terms of pollution exposure within our unit of analysis, allowing us to control for
potential sorting in patients with a different willingness to pay for a cleaner air.

5The only exceptions are two smallest Italian regions, Molise and Valle d’Aosta, which respectively ac-
count for 0.5% and 0.2% of the Italian population, for whom the data collected is insufficient to guarantee
representativeness.
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specific mortality statistics (ISTAT, 2017). Following the ICD-9 classification, which specifies

the major diagnostic categories, our health outcomes are represented by four chronic diseases:

cardiovascular diseases (CVDs), cancer, pulmonary diseases and liver diseases.6 By including

these diseases, we are also consistent with the existent literature that analyses the relationship

between cause-specific mortality and economic cycles (Ruhm, 2000; Gerdtham and Ruhm,

2006; Ruhm, 2015, among others). Table 1 shows descriptive statistics for the selected health

outcomes. Importantly, the prevalence rates are in line with the official Italian epidemiological

statistics for the same age group (EpiCentro, 2016), with CVDs being the most frequent

diagnosis. It is also important to highlight that the total mortality rate in HS mimics the

official mortality rates statistics based on national death registers.

2.2 Unemployment

As standard in this literature, macroeconomic conditions are captured by unemployment rate,

being a close reflection of economic performance. We use the ISTAT data on province unem-

ployment for individuals aged 15-65 which is the finest breakdown available (ISTAT, 2016b).

The unemployment rate varies substantially over time and across provinces, from a minimum

of 1.9% to a maximum of 27.8%, with an average of 9.3%.

Given that the unemployment rate represents the key variable in this study and our data

extend over a sufficient pre- and post-crisis period, it is important to carefully understand the

dynamics of the GR in Italy. The timing and impact of the GR differed across countries. In

the United States, the GR recession was limited to two years, ending in 2009 (NBER, 2010). In

Europe, the impact was heterogeneous, with employment rate declining by 14% in Spain, and

increasing by 6% in Germany during the same period (Bakker, 2015). In Italy, official statistics

show that unemployment rose from 6.2% in 2007 to 12.9% in 2014, with many individuals still

living under significant psychological and financial strain. Figure 1 plots the evolution of 15-65

unemployment rate and the corresponding total mortality rate, showing the first impact of the

GR in 2008 and the second and even more severe downturn starting in 2012. According to

the classification presented in Ruhm (2016), in Italy the first shock would be described as a

"standard economic fluctuation". However, the adverse health effects that we observe from

2012 to 2014 may not only be due to the worsening of economic conditions, but may also

6Table A1 presents the set of ICD-9 codes, together to their description and aggregation into specific disease
groups
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derive from the accumulated impact of the first shock dating back to 2008. Table 2 reports

averages and growth rates of the unemployment rate and main health outcomes by period.

According to this evidence, we set 2008 as the first year of crisis and assume that its duration

extends until the last year available for analysis (2014). Similarly to studies which find inverse

association between mortality and economic performance (Ruhm, 2000, 2015; Gordon and

Sommers, 2016, among others), the unconditional descriptive evidence in Figure 1 apparently

suggests that mortality is procyclical during the period considered.

[Figure 1, Trend of unemployment and mortality during 2004-2014.]

[Table 2, Unemployment rate and health outcomes, 2004-2014.]

The figures reported in Table 2 describe the dynamics of the crisis in greater detail. The

national unemployment rate over the pre-crisis period averaged to about 7.8%, whereas from

2008 to 2014, it increased to 10.2%, with a growth of about 30%. At the same time, when

comparing the health outcomes in the two periods, we observe a consistent unconditional in-

crease in the prevalence rates in all the diseases considered, with the exception of the mortality

rate that appears to be slightly decreasing in the 2008-2014 period.

2.3 Control variables

In terms of individual level covariates, we include both age and age squared to control for

potential non-linear effects of age. Moreover, we construct a set of individual clinical history

controls, which accounts for the presence in period t − 1 of specific diseases which include

cardio-vascular diseases (CVDs), diabetes, cancer, chronic pulmonary and liver diseases, and

mental diseases. This set of clinical history controls is then employed in the estimation of

the effect of unemployment on mortality, in order to exclude the effect of individual intrinsic

vulnerability prior to the occurrence of death.

Concerning the socio-economic controls, we include education attainment at province level,

measured by the fraction of population with tertiary education (ISTAT, 2016a) and a proxy for

healthcare quality measured by the average regional per capita public healthcare expenditure

(Ministry of Health, 2016).7 In both cases, the two indicators show a large variability across

7In Italy the healthcare system is public in nature, being funded by general taxation revenues. It is char-
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space and time (see Table 1) which justifies the inclusion of these variables in the regression

models.

Moreover, we control for air pollution which is correlated with both individual health and

macroeconomic cycles. For instance, Chay and Greenstone (2003) exploit the variation across

pollution sites induced by the 1981-1982 US recession to estimate the impact of suspended

particulates on infant mortality, finding that a 1% reduction in pollution concentration causes

a reduction in the mortality rate of about 0.35%. This and other studies suggest that failing

to control for air pollution would translate in error correlation and biased estimates when the

health effects of economic cycles are under scrutiny. The primary measurement source for

air pollution at a fine geographical level in Italy is represented by monitoring stations which

however are not randomly assigned over the national territory (Lagravinese et al., 2014).

Public administration is likely to place monitoring stations in most polluted areas in order to

be compliant with European and national environmental regulations.8 Conversely, monitoring

stations may be placed ad hoc in areas where the level of pollution is relatively low in order

to avoid environmental regulation. A reliable alternative is constituted by "re-analysis" of

pollution data by models, which calculate ex post the level of pollution given a series of inputs

and parameters. The advantages of such data are substantial since they provide concentrations

for different pollutants over a regular spatial grid and time frequency. We thus employ global

estimates for particulate matter (PM) concentrations of the Atmospheric Composition Analysis

Group provided publicly by the Dalhousie University (ACAG, 2016), which represent the state

of the art in terms of reliability and spatial resolution.9 Although including information only

for PM with a diameter of 2.5 micrometers, the spatial resolution of the data is defined on a grid

of about 7x7 km at the Italian latitude obtained by combining satellite and model data, and

subsequently calibrated to global ground-based observations of PM2.5 using Geographically

Weighted Regression.10 The pollution data characteristics, together with the fact that the

observed individuals do not move across provinces over the period of analysis, allow us to

acterised by universal coverage and is free at the point of delivery. However, although access to healthcare
services is in theory guaranteed to all individuals, there is a substantial variation in the quality of services
across Italian provinces. It is therefore necessary to control for healthcare delivery quality.

8See, for instance, the new Air Quality Directive, 50/2008.
9PM is a mixture of tiny particles and liquid droplets that get into the air for a combination of different

factors. Direct PM emissions derive, for instance, from construction sites or fires whereas indirect emissions are
the result of complex reactions of chemicals such as sulphur dioxide or nitrogen oxides emitted from industry,
power plants and vehicles. These inhalable particles can affect the heart and lungs and cause serious health
effects (Seaton et al., 1995; WHO, 2013).

10For further details, see van Donkelaar et al. (2016).
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assign to each Italian province, with a negligible measurement error, the mean of annual

maximum PM 2.5 concentrations expressed in micrograms per cubic meter (mcg/m3).

[Figure 2, PM 2.5 average concentrations in Italy (2010).]

Figure 2 shows the concentration of PM 2.5 in 2010. Contrary to other pollutants, in

the case of PM 2.5 only recently has the EU Commission in the Directive 50 set a specific

concentration threshold at 20 mcg/m3 based on a three year average. This value has been

legally binding in Italy since 2015. While Northern Italian areas are characterised by relatively

higher levels of fine particulate, with peak values of 65 mcg/m3, the Central and Southern ones

benefit from cleaner air, with the exception of some "hotspots" in local urban and industrial

agglomerations. Despite substantial geographic variation, the PM 2.5 concentration is well

above the limit in most of the Italian territory and this is likely to increase the risk of CVDs

and pulmonary diseases.

3 Empirical strategy

Our empirical strategy concentrates on the identification of health and mortality effects of

the GR. In so doing, we exploit outcome variation at both individual and aggregate level,

controlling for several confounding factors and using the province level unemployment rate as

the proxy for the economic conditions.

Formally, the empirical model at the individual level can be written as follows:

H
j
ipt = αi + β1Upt + β2D(Upt) + δ1AGEit + δ2AGE2

it + γXpt + ϑt + εipt (1)

where for each individual i, we regress the set of binary outcomes Hj , j = 1, . . . , 4 (see Table

A1 for details on the selected diseases) on the annual province unemployment rate Upt. In

order to capture the specific effect of the GR, the unemployment rate is interacted with a

vector of dummies grouping the crisis years D (D = 1 for t =2008-2014, and 0 otherwise),

with β2 constituting the main parameter of interest. The terms AGEit and AGE2

it represent

an individual level quadratic polynomial in age. Moreover, the vector Xpt includes controls at

the province level for tertiary education, log of lagged per-capita public healthcare expenditure
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and particle pollution as a proxy for air quality. The terms αi and ϑt control for individual

and year fixed effects (FEs), while εipt is the idiosyncratic error term.

In regressing the individual mortality outcome M , model (1) is augmented with the set

of the selected lagged disease variables to control for previous poor clinical conditions, which

constitute mortality risks independent from the unemployment dynamics induced by the GR.

The mortality model is then given by:

Mipt = αi + β1Upt + β2D(Upt) + Σ4

j=1ωjH
j
i,t−1

+ δ1AGEit + δ2AGE2

it + γXpt + ϑt + εipt (2)

The aggregated model is obtained by collapsing the individual variables at province level

and follows the same specification as Model 1 and 2:

Hpt = αp + β1Upt + β2D(Upt) + δ1AGEpt + δ2AGE2

pt + γXpt + ϑt + εpt (3)

Mpt = αp + β1Upt + β2D(Upt) + Σ4

j=1
ωjH

j
p,t−1

+ δ1AGEpt + δ2AGE2

pt + γXpt + ϑt + εpt (4)

In this aggregated model version, mortality and the four health outcomes are represented

by disease prevalence and mortality rate at province level, whereas age is expressed as average

at province level.

When estimating the province-level model, the FEs account for specific time-invariant

characteristics of provinces, such as structural unemployment, socio-economic conditions and

intrinsic differences in health status. Conditional on other province level variables, if patient

health response to unemployment is similar, the province FEs specification is likely to capture

the true impact of unemployment on the insurgence of diseases. By means of individual

FEs, we control for time-invariant patient characteristics that affect individual behaviour and

may be correlated with both unemployment and health. For instance, individuals may self-

select to reside in provinces with specific characteristics, such as lower unemployment rates,

or may engage in specific life styles determining their health, such as healthy diet and sport

practices. Although the HS data do not provide information on individual level socio-economic

status or life styles preferences, individual FEs allow us to capture them to the extent these

characteristics do not vary over time, and we believe that most of these components are likely

to represent individual ’sticky’ preferences.

The ability to capture inter-temporal dynamics net of the idiosyncratic individual charac-
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teristics allows us to control for the effects of these missing or unobserved variables. As such,

when following the individuals over the study period, the use of individual fixed effects isolates

the sole time variation in individual health status as a response to changes in the unemploy-

ment rate in the province of residence. Finally, the large sample size and the representativeness

of the Italian population by age and sex offer the possibility to investigate heterogeneities in

the effect of the crisis for all the relevant subgroups of Italian residents.

Both province and individual level models are estimated by means of OLS, with the differ-

ence that in the case of individual models the results are interpreted as marginal probabilities.11

Finally, given that the HS data are representative of the Italian population by sex, age class

and geographical area level, we employ time varying population weights by specific cells which

include stratification by sex, geographical area and age class.12

4 Results and discussion

This section presents the estimation results, which are organised in four parts. Section 4.1

discusses the results of the effect of the GR on diseases prevalence obtained using patient level

and province level specifications. In Section 4.2 we also provide a graphical representation

of the results in order to explore the temporal dynamics of the unemployment effects on the

selected health outcomes. Section 4.3 discusses the heterogeneity of this effect with respect to

different age groups and gender, and Section 4.4 presents the results of the mortality model,

controlling for previous health conditions at individual level. Lastly, Section 4.5 presents a

simple back-of-the-envelope calculation exercise that aims to obtain the number of individuals

affected by deaths and diseases as a result of the economic slump caused by the GR. The results

in these sections refer to the main coefficients of interest whereas the complete estimation tables

can be found in the Appendix (Section 6). The unemployment rate, together with education,

age and age squared, enter the model in levels and the associated coefficients have to be

interpreted as marginal effects, whereas pollution concentration and public health expenditure

are expressed in logarithms and represent semi-elasticities.

11In the individual model, the choice of LPM estimation with respect to a Logit model is dictated by the
sizeable computational burden we face due to the large sample of observations at hand (more than 9 million
observations).

12The 84 Italian provinces available for our analysis are aggregated into four geographical areas which include
North-East, North-West, Centre, South and Islands. Age classes include individuals aged 15-39, 40-49 and 50-
65.
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4.1 Effects of the Great Recession on health

Table 3 reports the results based on the individual FEs models, with outcomes on chronic

disease diagnosis included in Columns (1)-(6).

The coefficients for unemployment during the GR period are positive and significant for

most of the diseases considered, signalling a strong correlation between unemployment rise

during the GR and health deterioration. In particular, according to the individual FEs model,

a 1 percentage point rise in unemployment during the GR caused a 0.19, 0.11 and 0.08 percent-

age point increase (or 1.2%, 1.7%, and 3.3% increase) in the probability of being diagnosed,

respectively, with cardio-vascular (Column 1), pulmonary (Column 3) and chronic liver dis-

eases (Column 4). On the contrary, no evidence is found for cancer (Column 2). This last

finding lends credibility to our results since in the short run cancer is less likely to be affected

by economic shocks. In fact, previous findings use cancer mortality as a placebo test given the

low responsiveness of this disease to macroeconomic fluctuations (Ruhm, 2000).

With respect to the individual level analysis, the province FEs model provides an overall

consistent results pattern for CVDs, pulmonary and liver diseases. Conversely, and differently

from the individual level specification, in the province level analysis we detect significant im-

pacts on cancer prevalence. The divergence in the results implies that accounting for individual

time-invariant characteristics is key in this type of analysis. Given that the patient response

to unemployment during the GR net of the province fixed effects is not homogeneous, what

we gauge at the aggregate level is most likely due to some persistent patient specific charac-

teristics. By accounting for these latter, it rules out the crisis-driven effect of unemployment

in case of cancer, incrementing the precision of the estimates for CVDs, pulmonary and liver

diseases.

[Table 3, Effects of the GR on health outcomes.]

Considering both individual and province FEs models, our findings point to health de-

terioration as a result of the prolonged adverse economic conditions experienced during the

GR. Most importantly, our evidence based on objective individual health outcomes certified

by GPs, constitutes an important novelty with existing studies. At the same time, this limits

the benchmarking exercise of our results within the literature. By and large, our coefficient

estimates are sensibly lower than the ones obtained from previous studies, which however focus
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on different outcomes, such as obesity or self-rated health (Currie et al., 2016; Tekin et al.,

2013).

The signs and magnitudes of coefficient estimates of the control variables are in line with

expectations. The health expenditure describing the quality of healthcare services across the

provinces considered, is not associated with any significant difference, apart from the case of

pulmonary diseases in which we find a negative and significant effect only in the individual

FEs model. Individual age coefficients are positive and strongly jointly significant, whereas

the control for higher education is far from statistical significance in all disease equations.13

On the contrary, the control for air pollution, as proxied by PM2.5 concentration, is confirmed

to hinder individual health, with large impacts for CVDs and pulmonary diseases. Moreover,

as expected we do not find significant effects of air pollution on liver diseases.

4.2 Exploring the temporal dynamics.

In this section we complement the econometric analysis by further investigating the dynamics

of the unemployment effect both before and after the GR. In the spirit of Autor (2003), the

empirical approach here adopted is aimed at enhancing the causal flavour of our findings, and

is operationalised by regressing the heath outcomes on the unemployment rate interacted with

each year dummy, assuming the year 2004 as a baseline, together with the full set of controls.

[Figure 3, Effects of unemployment for CVDs by year.]

[Figure 4, Effects of unemployment for cancer by year.]

[Figure 5, Effects of unemployment for pulmonary diseases by year.]

[Figure 6, Effects of unemployment for liver disease by year.]

Figures 3, 4, 5 6 provide a graphical representation of the results obtained, respectively

for cardio-vascular, cancer, pulmonary and liver diseases. With the exception of cancer, which

is not significantly responsive to fluctuations in unemployment in a statistical sense, the lag-

leads analysis clearly shows that the prevalence rates rose suddenly with the onset of the GR

in 2008, and the growth in the rates was steady during the subsequent years. The results are

13The quadratic polynomial in age shows positive and significant coefficients which identify a convex pattern
with a minimum age of 30-35.
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particularly pronounced in the case of CVDs and liver diseases, while in the case of pulmonary

diseases we observe a marginally decreasing growth until the 2007, which turns to be marginally

increasing during the GR. The observed upsurge in the yearly unemployment effect between

the pre- and post-crisis periods, constitutes a further empirical support to the validity of our

results.

4.3 Heterogeneous effects for gender and age groups.

When analysing the effects of the GR on health, it is worth questioning whether the impact

of unemployment was differentiated across population groups. The existing literature has

identified some differences across gender and race, education, and age groups (Currie et al.,

2016; Haaland and Telle, 2015; Ruhm, 2000; Tekin et al., 2013). In what follows, we provide a

series of results which disentangle the impact of unemployment in an attempt to identify the

most fragile socio-economic groups. These estimates are obtained by splitting the estimation

sample by gender and three age specific subsamples (15-30, 31-50 and 51-64).14 Table 4 and

Table 5 report, respectively, the effects of unemployment on individual health by age and sex,

using OLS and controlling for individual FEs, while the complete set of tables can be found

in the Appendix (Section 6).

As shown in Table 4, for older individuals we find a stronger than average effect on the

probability of being diagnosed with CVDs, but also pulmonary and liver diseases. This result

is intuitive since younger individuals are expected to be in better health and more resilient

than older generations. The GR has increased the need to relocate in the labour market and

younger individuals are more likely to succeed in finding a new job. Conversely, according to

ISTAT (2014), the proportion of individuals in search of a job without success was the highest

among individuals aged 50 and above. The same age group witnessed the most pronounced

increments in the proportion of households in which women were the only breadwinners. The

occupational changes where thus likely to originate in important stress exposures for the elderly

population.

[Table 4, Health effects of unempl. by age class with HS data and indiv. FEs.]

14Unfortunately, apart from age and gender, the HS database does not include other socioeconomic infor-
mation at individual level. In HS database, stratified samples by gender and the three age classes considered
are still representative of the Italian population.
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As for the gender differences, and limiting our comments to the significant coefficient

estimates, Table 5 depicts a pattern that is substantially similar between the two sexes, with a

chronic liver diseases insurgence slightly higher for males. On the contrary, the coefficient on

CVDs and pulmonary disease is higher for females. This may suggest the existence of different

behavioural mechanisms that compensate for the crisis strain among men and women. While

males are on average more prone to alcohol abuse, according to ISS (2017), smoking rates

among females have rocketed in recent years, reaching almost the prevalence of male smokers.

Moreover, as already discussed, the occupational structure has undergone several changes

during the GR, with important shares of females being forced to join the labour market in

response to male job loss. The ISTAT data show that the proportion of families relying on the

sole income of male household heads has diminished, with increments of female employment

rates also during pregnancy (ISTAT, 2014). The gender heterogeneous responses to the GR

reflected in the estimates are thus supported by actual events occurred on the Italian labour

market. These findings are also in line with those obtained by Currie et al. (2016), who

nevertheless restrict the analysis to the group of mothers.

[Table 5, Health effects of unempl. by sex with HS data with indiv. FEs.]

4.4 Does unemployment affect individual mortality?

We find a weakly significant positive effect of unemployment on individual mortality in both

the individual and the province level specification (Table 6). A one percent change in un-

employment is associated with a 0.0037% increase in mortality in the individual FEs model,

and with a 0.0035% increase in the province FEs model, where in both cases age, province

level education, air pollution concentration and quality of healthcare delivery is accounted for

(Column 1). More importantly, when we control for pre-existing health status by including

lagged diseases dummies in the individual mortality model and average disease prevalence in

the province mortality model, we find that the effect of unemployment is no longer signifi-

cant in both model specifications (Column 2). The non-robustness of unemployment effects

on mortality, and the strong significant impact on the set of lagged diseases considered, rep-

resents a key finding in this paper. It warranties the hypothesis of omitted variables in the

standard mortality model, which in the existing studies does not account for previous clinical
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conditions representing the major mortality risks in the case of non-external causes of deaths.

In summary, our results point to a detrimental effect of unemployment on morbidity and to

a non-significant effect on total mortality, with the latter being driven by the existence of

previous major chronic diseases.

[Table 6, Mortality effects of unempl. with HS data with indiv. FEs.]

4.5 The health effects of the GR: a simple back-of-the-envelope calculation.

Based on our favourite model estimates presented in the top panel of Table 3, we provide

a back-of-the-envelope calculation of the number of individuals affected by major chronic

diseases during the period 2008-2014. These results are presented in Table 7. These figures

are calculated by multiplying each statistically significant coefficient estimate by the size of

the populazion aged 15-65. The total impact is then obtained by further multiplying this

number by the average percentage change in unemployment between the periods 2004-2007

and 2008-2014, which amounts to 2.89% according to Table 2.

[Table 7, Back-of-the-envelope calculation of the unemployment effects.]

Our calculations show that the number of individuals affected by CVDs as a consequence

of an increase in unemployment during the period 2008-2014 was about 212,000 whereas the

number of individuals affected by chronic pulmonary diseases was almost 120,000. Moreover,

the effects on liver diseases affected approximately 88,000 individuals. All together, the number

of individuals affected sums up to more than 420,000, which corresponds to about 1% of the

population aged 15-64. These figures confirm the initial hypothesis that the prolonged adverse

economic conditions of the GR have had a substantial negative effect on individual health

generating significant additional costs in the short and the long run.

5 Conclusions

Since the seminal paper by Ruhm (2000), a wide body of literature has investigated the effects

of economic cycles on mortality assuming that the latter is a proxy of the population’s health.

A consistent result of this large body of literature is the negative (procyclical) association
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between unemployment and mortality rate, with the exclusion of most of the external causes

of death. One important limitation of these studies is the exclusive use of mortality rates

as a proxy of health status which is characterised by a different time responsiveness when

correlated with unemployment adjustments, in particular for short-run analyses. A further

key limitation is methodological and refers to the omission of information on past individual

health conditions and on the potential effect of air pollution, with the latter being a major risk

factor for CVDs and pulmonary diseases. The omission of information leads to hypothesise

that the previous findings may be biased.

In this paper we address these limitations by focusing on the effect of unemployment

on health outcomes and mortality during the GR in Italy. Using longitudinal patient level

data, we provide robust evidence of the detrimental health effects of higher unemployment

experienced during the GR. Unlike studies based on self-rated health, we employ harmonised

patient ECRs collected by GPs which provide a reliable and multidimensional representation

of the population health in terms of four groups of major chronic diseases and death episodes.

We find positive and strongly significant effects for several health outcomes, in particular

for cardio-vascular, pulmonary and liver diseases. This evidence of health deterioration is

in line with the few studies that correlate individual health proxies to the unemployment

dynamics (Currie et al., 2016; Tekin et al., 2013) and coherent with the results of Sullivan and

von Wachter (2009), who find a higher mortality rate for individuals that have suffered job

displacements.

According to our individual FEs model estimates, the marginal prevalence increase for

cardio-vascular, pulmonary and liver diseases was 0.18, 0.10 and 0.07 percentage points re-

spectively during the GR period. Based on a lag-leads analysis, we also find that the health

effects of unemployment follows the time of the GR, with a sharp change in the trends since

2008. Our findings translate into roughly 212,000 additional individuals affected by CVDs,

120,000 affected by pulmonary diseases and 88,000 affected by chronic liver disease in the

GR study period. We find that the impact of unemployment on CVDs, pulmonary and liver

diseases is robust when also controlling for air pollution. Together with the macroeconomic

cycle, air quality is a significant determinant of individual health.

A key finding of the analysis is the absence of significant impact of the GR on mortality

when controlling for pre-existent clinical conditions. In light of this evidence, we conclude
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that most of the differences in the results of previous studies may be attributable to the

different health outcomes considered, namely mortality vs morbidity outcomes, and not to

the aggregation data level as already confirmed by van den Berg et al. (2017). This finding

is also in line with the few recent studies that find health deterioration during the GR using

individual data on self-rated health. Based on our results, we posit that the inconsistency of the

unemployment impact on mortality can be attributed to a misspecification of the econometric

model, in particular, to a lack of information on past health status that in this study has

been seen to absorb the statistical power of the effect on mortality. In summary, we find

that the impact of unemployment on the total mortality is null and that individuals die

because of the pre-existence of severe diseases. Given the lack of evidences that demonstrates

the causal impact of higher unemployment rates on mortality in an experimental or quasi-

experimental setting, our result appears even more convincing. Our conclusion, however,

cannot find confirmation for mortality due to external causes of death for which we do not

have explicit information, and which accounts for a very narrow portion of total mortality.

A natural conclusive and highly informative recommendation emerging from this study

is that policy makers should bear in mind that prolonged economic downturns constitute an

additional external risk for individual health - and not a temporary benefit. At the same time,

we call for the need to reconsider previous studies that find specific effects of unemployment

on population mortality by employing morbidity information. From an economic policy per-

spective, the social costs of health deterioration in terms of larger diseases prevalence due to

the GR will be dumped on current younger generations and on those to come. Moreover, the

numerous individuals affected by these severe chronic diseases are likely to face an increased

risk of mortality in the future.
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List of tables

Table 1: Summary statistics - 2004-2014

Group Variable Mean sd min max

Economic indicator Unempl. rate (age 15-65) 9.33 5.49 1.87 27.80

Controls

University degree (% of pop.) 10.75 2.11 6.42 18.17

Ave. p.c. health exp. (Euro at 2010) 1765.60 217.70 1231.90 2256.70

Ave. PM 2.5 (mcg/m3) 21.74 8.95 9.00 65.00

Ave. p.c. income (Euro at 2010) 20844.11 2990.83 13920.17 31027.74

Age 40.55 13.32 15 65

Health outcomes

Total mortality 0.0019 0.043 0 1

CVDs 0.155 0.362 0 1

Cancer 0.029 0.169 0 1

Pulmonary diseases 0.064 0.245 0 1

Liver diseases 0.024 0.153 0 1

For aggregated mortality data N= 994. For individual health outcomes N=9,963,062, statistics are population-weighted

by death status, age class, geographical area and year cell.

Table 2: Averages of unemployment rate and health outcomes by period in percentages.

Unempl. rate Mortality CVDs Cancer Pulmonary Liver

Average 2004-2007 7.791 0.199 14.724 2.682 5.138 1.781
Average 2008-2014 10.205 0.181 15.991 3.07 7.156 2.734

Statistics are population weighted and conditioned to age 15-65.
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Table 3: Health effects of unemployment - OLS indiv. FEs vs province FEs, age 15-64

Individual FEs

(1) (2) (3) (4)
CVDs Cancer Pulmonary Liver

Unempl. rate -0.000638∗ -0.0000203 -0.000657∗∗∗ -0.000327∗∗

(0.00034) (0.00007) (0.00023) (0.00015)

D(2008-2014)xUnempl. rate 0.00189∗∗∗ 0.000106 0.00107∗∗∗ 0.000785∗∗∗

(0.00032) (0.00007) (0.00029) (0.00018)

Age -0.0162∗∗∗ -0.00209∗∗∗ 0.00462∗∗∗ -0.00108
(0.00142) (0.00049) (0.00140) (0.00079)

Age sq. 0.000417∗∗∗ 0.0000756∗∗∗ 0.0000296∗∗∗ 0.0000550∗∗∗

(0.00001) (0.00000) (0.00000) (0.00000)

Ave. pc health exp. 0.0262 -0.00675 -0.0208 -0.00154
(0.01806) (0.00465) (0.01303) (0.00891)

PM25 (mcg/m3) 0.000353∗∗∗ 0.00000647 0.000163∗∗∗ 0.0000943∗∗

(0.00008) (0.00001) (0.00005) (0.00004)

University (% of pop.) -0.00102 0.000161 -0.000145 -0.000277
(0.00114) (0.00020) (0.00046) (0.00040)

N 9,963,062

Province FEs

(1) (2) (3) (4)
CVDs Cancer Pulmonary Liver

Unempl. -0.00110∗∗ -0.0000641 -0.000667∗∗ -0.000349∗∗

(0.00050) (0.00010) (0.00026) (0.00015)

D(2008-2014)xUnempl. rate 0.00178∗∗∗ 0.000212∗∗ 0.000907∗∗∗ 0.000532∗∗∗

(0.00037) (0.00010) (0.00021) (0.00013)

Age 0.0186 0.000894 0.00602 0.0106
(0.02231) (0.00666) (0.01167) (0.01038)

Age sq. -0.000127 0.0000115 -0.0000327 -0.000102
(0.00027) (0.00008) (0.00014) (0.00013)

Ave. pc health exp. 0.0591∗∗∗ 0.00370 0.0113 -0.00193
(0.01860) (0.00349) (0.00930) (0.00608)

PM25 (mcg/m3) 0.000283∗∗ 0.0000233 0.000177∗∗∗ 0.0000665∗

(0.00011) (0.00002) (0.00005) (0.00003)

University (% of pop.) 0.000264 0.0000726 0.000129 0.000346
(0.00085) (0.00018) (0.00039) (0.00033)

N 924

Standard errors in parentheses are clustered at Province level.

Estimates are population weighted using a different weight for each year.

All models include year fixed effects. Significance level: ∗

p < 0.1, ∗∗

p < 0.05, ∗∗∗

p < 0.01
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Table 4: Effects of unemployment by age class - Individual FEs model.

(1) (2) (3) (4)
CVDs Cancer Pulmonary Liver

Age 15-30

Unemployment rate -0.0000311 -0.000189∗∗ -0.000430 -0.000200∗∗

(0.00018) (0.00008) (0.00027) (0.00009)

D(2008-2014)xUnempl. rate 0.000521∗∗∗ 0.000218∗∗ 0.000815∗∗ 0.000536∗∗∗

(0.00017) (0.00009) (0.00037) (0.00014)

N 2,452,308

Age 31-50

Unemployment rate -0.000668∗∗ -0.0000416 -0.000695∗∗∗ -0.000467∗∗∗

(0.00028) (0.00006) (0.00020) (0.00015)

D(2008-2014)xUnempl. rate 0.00201∗∗∗ 0.000145∗ 0.000991∗∗∗ 0.000854∗∗∗

(0.00027) (0.00007) (0.00026) (0.00018)

N 4,224,465

Age 51-64

Unemployment rate -0.00108 0.000232 -0.000784∗∗ -0.000273
(0.00086) (0.00016) (0.00035) (0.00029)

D(2008-2014)xUnempl. rate 0.00267∗∗∗ -0.000217∗ 0.00125∗∗∗ 0.000860∗∗∗

(0.00074) (0.00011) (0.00036) (0.00030)

N 2,512,258

Standard errors in parentheses are clustered at Province level.

Estimates are population weighted using a different weight for each year.

All models include year fixed effects. Significance level: ∗

p < 0.1, ∗∗

p < 0.05, ∗∗∗

p < 0.01

Table 5: Effects of unemployment by sex - Individual FEs model.

(1) (2) (3) (4)
CVDs Cancer Pulmonary Liver

Males

Unemployment rate -0.000598∗ -0.0000322 -0.000623∗∗∗ -0.000343∗

(0.00035) (0.00008) (0.00019) (0.00018)

D(2008-2014)xUnempl. rate 0.00171∗∗∗ 0.000133 0.000981∗∗∗ 0.000840∗∗∗

(0.00031) (0.00008) (0.00021) (0.00020)

N 4,286,321

Females

Unemployment rate -0.000706∗∗ -0.00000214 -0.000685∗∗ -0.000326∗∗

(0.00035) (0.00008) (0.00028) (0.00014)

D(2008-2014)xUnempl. rate 0.00211∗∗∗ 0.0000710 0.00114∗∗∗ 0.000747∗∗∗

(0.00034) (0.00008) (0.00038) (0.00016)

N 4,492,478

Standard errors in parentheses are clustered at Province level.

Estimates are population weighted using a different weight for each year.

All models include year fixed effects. Significance level: ∗

p < 0.1, ∗∗

p < 0.05, ∗∗∗

p < 0.01
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Table 6: Effects on mortality using aggregated and individual HS data, with/without diseases.

(1) (2)
Individual FEs Mortality Mortality with diseases

Unempl. rate -0.0000120 -0.00000502
(0.00002) (0.00002)

D(2008-2014)xUnempl. rate 0.0000379** 0.0000257
(0.00002) (0.00002)

N 9,963,062 8,778,799

Province FEs

Unempl. rate -0.0000254 -0.0000436
(0.00003) (0.00003)

D(2008-2014)xUnempl. rate 0.0000353* 0.0000306
(0.00002) (0.00002)

N 924 840

Significance level: * p < 0.1, ** p < 0.05, *** p < 0.01. Lagged diseases are fully significant

and include cancer (any type), chronic pulmonary, liver and mental diseases, diabetes.

Estimates are population weighted using a different weight for each year.

Table 7: Back-of-the-envelop calculation of the unemployment during the GR.

Disease Marg. prevalence change Ave. unemp. change (%) No. of
for a 1% unemp. change (2008-2014) (2008-2014) individuals

CVDs 0.1890
2.89

272468
Pulmonary 0.1070 97887
Liver 0.0785 62455
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List of figures

Figure 1: Trend of unemployment and total mortality among non-elderly population (age
15-65, years 2004-2014.

Figure 2: PM 2.5 concentrations in 2010 in the Italian provinces.

23



Figure 3: Effects of unemployment for CVDs by year.

Figure 4: Effects of unemployment for cancer by year.
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Figure 5: Effects of unemployment for pulmonary diseases by year.

Figure 6: Effects of unemployment for liver diseases by year.
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6 Appendix

Table A1: Group of diseases considered in the HS database.

Disease group ICD9

CVDs
401-405, 402.91, 404.91, 402.01, 402.11, 404.01, 410-414

427.3, 428, 430-438, 342, 440-448, v45.81, v45.82

Cancer 140-149, 150-174, 189, 176-199, 200-209, 230-234

Pulmonary 492, 493, 491.2, 496

Liver 571.0-571.5, 571.8, 571.9

Table A2: Effects of unemployment - OLS with indiv. FEs, age 15-64

(1) (2) (3) (4) (5)
Death CVDs Cancer Pulmonary Liver

Unempl. rate -0.0000120 -0.000638∗ -0.0000203 -0.000657∗∗∗ -0.000327∗∗

(0.00002) (0.00034) (0.00007) (0.00023) (0.00015)

D(2008-2014)xUnempl. 0.0000379∗∗ 0.00189∗∗∗ 0.000106 0.00107∗∗∗ 0.000785∗∗∗

(0.00002) (0.00032) (0.00007) (0.00029) (0.00018)

Age 0.000219∗ -0.0162∗∗∗ -0.00209∗∗∗ 0.00462∗∗∗ -0.00108
(0.00013) (0.00142) (0.00049) (0.00140) (0.00079)

Age sq. 0.0000173∗∗∗ 0.000417∗∗∗ 0.0000756∗∗∗ 0.0000296∗∗∗ 0.0000550∗∗∗

(0.00000) (0.00001) (0.00000) (0.00000) (0.00000)

Ave. pc health exp. 0.000608 0.0262 -0.00675 -0.0208 -0.00154
(0.00108) (0.01806) (0.00465) (0.01303) (0.00891)

PM25 (mcg/m3) 0.00000816 0.000353∗∗∗ 0.00000647 0.000163∗∗∗ 0.0000943∗∗

(0.00001) (0.00008) (0.00001) (0.00005) (0.00004)

Univ. degree (% of pop.) -0.0000616 -0.00102 0.000161 -0.000145 -0.000277
(0.00005) (0.00114) (0.00020) (0.00046) (0.00040)

N 9963062 9963062 9963062 9963062 9963062
r2 0.379 0.807 0.842 0.871 0.798

Standard errors in parentheses are clustered at Province level.

Estimates are population weighted using a different weight for each year. All models include year fixed effects.

Significance level: ∗

p < 0.1, ∗∗

p < 0.05, ∗∗∗

p < 0.01
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Table A3: Effects of unemployment - OLS with indiv. FEs, age 15-30

(1) (2) (3) (4) (5)
Death CVDs Cancer Pulmonary Liver

Unemployment rate -0.00000899 -0.0000311 -0.000189∗∗ -0.000430 -0.000200∗∗

(0.00001) (0.00018) (0.00008) (0.00027) (0.00009)

D(2008-2014)xUnempl. 0.00000325 0.000521∗∗∗ 0.000218∗∗ 0.000815∗∗ 0.000536∗∗∗

(0.00001) (0.00017) (0.00009) (0.00037) (0.00014)

Age 0.000279∗∗∗ -0.00192∗ 0.000758 0.00986∗∗∗ 0.000261
(0.00008) (0.00106) (0.00052) (0.00197) (0.00070)

Age sq. -0.000000223 0.000105∗∗∗ 0.0000217∗∗∗ -0.0000721∗∗∗ 0.0000364∗∗∗

(0.00000) (0.00001) (0.00000) (0.00001) (0.00000)

Ave. pc health exp. 0.00141∗∗ 0.0103 -0.00780∗∗ -0.0199 -0.00911
(0.00054) (0.00976) (0.00385) (0.01484) (0.00552)

PM25 (mcg/m3) -0.00000105 0.000173∗∗∗ 0.0000291∗ 0.000151∗∗∗ 0.0000943∗∗∗

(0.00000) (0.00006) (0.00001) (0.00005) (0.00003)

Univ. degree (% of pop.) -0.0000455 -0.000363 -0.0000449 -0.000422 -0.000181
(0.00005) (0.00051) (0.00018) (0.00039) (0.00021)

N 2452308 2452308 2452308 2452308 2452308
r2 0.413 0.558 0.849 0.909 0.733

Standard errors in parentheses are clustered at Province level.

Estimates are population weighted using a different weight for each year. All models include year fixed effects.

Significance level: ∗

p < 0.1, ∗∗

p < 0.05, ∗∗∗

p < 0.01

Table A4: Effects of unemployment - OLS with indiv. FEs, age 31-50

(1) (2) (3) (4) (5)
Death CVDs Cancer Pulmonary Liver

Unemployment rate -0.0000266 -0.000668∗∗ -0.0000416 -0.000695∗∗∗ -0.000467∗∗∗

(0.00002) (0.00028) (0.00006) (0.00020) (0.00015)

D(2008-2014)xUnempl. 0.0000229 0.00201∗∗∗ 0.000145∗ 0.000991∗∗∗ 0.000854∗∗∗

(0.00001) (0.00027) (0.00007) (0.00026) (0.00018)

Age 0.0000592 -0.0294∗∗∗ -0.00276∗∗∗ 0.00435∗∗∗ -0.000975
(0.00011) (0.00150) (0.00057) (0.00117) (0.00097)

Age sq. 0.0000116∗∗∗ 0.000556∗∗∗ 0.0000727∗∗∗ 0.0000280∗∗∗ 0.0000535∗∗∗

(0.00000) (0.00001) (0.00000) (0.00000) (0.00000)

Ave. pc health exp. -0.000470 0.0180 -0.00624 -0.0202∗ 0.000153
(0.00090) (0.01696) (0.00461) (0.01154) (0.00861)

PM25 (mcg/m3) 0.00000303 0.000370∗∗∗ 0.0000121 0.000144∗∗∗ 0.0000938∗∗

(0.00001) (0.00007) (0.00001) (0.00005) (0.00004)

Univ. degree (% of pop.) -0.0000710 -0.00103 0.0000810 -0.000265 -0.000267
(0.00004) (0.00092) (0.00016) (0.00041) (0.00037)

N 4735309 4735309 4735309 4735309 4735309
r2 0.416 0.764 0.853 0.884 0.817

Standard errors in parentheses are clustered at Province level.

Estimates are population weighted using a different weight for each year. All models include year fixed effects.

Significance level: ∗

p < 0.1, ∗∗

p < 0.05, ∗∗∗

p < 0.01
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Table A5: Effects of unemployment - OLS with indiv. FEs, age 51-65

(1) (2) (3) (4) (5)
Death CVDs Cancer Pulmonary Liver

Unempl.rate -0.0000345 -0.00108 0.000232 -0.000784∗∗ -0.000273
(0.00005) (0.00086) (0.00016) (0.00035) (0.00029)

D(2008-2014)xUnempl. 0.000101∗ 0.00267∗∗∗ -0.000217∗ 0.00125∗∗∗ 0.000860∗∗∗

(0.00005) (0.00074) (0.00011) (0.00036) (0.00030)

Age -0.00104 0.0142∗∗∗ -0.0155∗∗∗ -0.00630∗∗∗ 0.0000537
(0.00078) (0.00341) (0.00130) (0.00171) (0.00143)

Age sq. 0.0000455∗∗∗ 0.000195∗∗∗ 0.000205∗∗∗ 0.000131∗∗∗ 0.0000424∗∗∗

(0.00001) (0.00002) (0.00001) (0.00001) (0.00001)

Ave. pc health exp. 0.00206 0.0548∗ -0.00458 -0.0187 0.00687
(0.00302) (0.03258) (0.00815) (0.01596) (0.01373)

PM25 (mcg/m3) 0.0000225 0.000459∗∗∗ -0.0000410 0.000202∗∗∗ 0.0000946∗

(0.00001) (0.00015) (0.00003) (0.00005) (0.00006)

Univ. degree (% of pop.) -0.0000353 -0.00107 0.000327 0.000200 -0.000555
(0.00018) (0.00201) (0.00034) (0.00063) (0.00061)

N 2775445 2775445 2775445 2775445 2775445
r2 0.431 0.854 0.869 0.881 0.854

Standard errors in parentheses are clustered at Province level.

Estimates are population weighted using a different weight for each year. All models include year fixed effects.

Significance level: ∗

p < 0.1, ∗∗

p < 0.05, ∗∗∗

p < 0.01

Table A6: Effects of unemployment - OLS with indiv. FEs, females aged 15-65

(1) (2) (3) (4) (5)
Death CVDs Cancer Pulmonary Liver

Unempl. rate -0.0000124 -0.000706∗∗ -0.00000214 -0.000685∗∗ -0.000326∗∗

(0.00002) (0.00035) (0.00008) (0.00028) (0.00014)

D(2008-2014)xUnempl. 0.0000252 0.00211∗∗∗ 0.0000710 0.00114∗∗∗ 0.000747∗∗∗

(0.00002) (0.00034) (0.00008) (0.00038) (0.00016)

Age 0.000138 -0.0173∗∗∗ -0.00206∗∗∗ 0.00534∗∗∗ -0.00151∗∗

(0.00013) (0.00155) (0.00065) (0.00185) (0.00067)

Age sq. 0.0000127∗∗∗ 0.000409∗∗∗ 0.0000770∗∗∗ 0.0000303∗∗∗ 0.0000533∗∗∗

(0.00000) (0.00001) (0.00000) (0.00000) (0.00000)

Ave. pc health exp. -0.000233 0.0276 -0.00476 -0.0274∗ -0.00631
(0.00091) (0.02056) (0.00692) (0.01644) (0.00737)

PM25 (mcg/m3) 0.00000486 0.000383∗∗∗ 0.00000207 0.000180∗∗∗ 0.000105∗∗∗

(0.00001) (0.00009) (0.00001) (0.00006) (0.00003)

Univ. degree (% of pop.) -0.0000307 -0.000736 0.000252 -0.000257 -0.000358
(0.00007) (0.00120) (0.00025) (0.00053) (0.00038)

N 5097992 5097992 5097992 5097992 5097992
r2 0.374 0.802 0.853 0.862 0.782

Standard errors in parentheses are clustered at Province level.

Estimates are population weighted using a different weight for each year. All models include year fixed effects.

Significance level: ∗

p < 0.1, ∗∗

p < 0.05, ∗∗∗

p < 0.01
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Table A7: Effects of unemployment - OLS with indiv. FEs, males aged 15-65

(1) (2) (3) (4) (5)
Death CVDs Cancer Pulmonary Liver

Unempl.rate -0.0000152 -0.000598∗ -0.0000322 -0.000623∗∗∗ -0.000343∗

(0.00002) (0.00035) (0.00008) (0.00019) (0.00018)

D(2008-2014)xUnempl. 0.0000542∗∗ 0.00171∗∗∗ 0.000133 0.000981∗∗∗ 0.000840∗∗∗

(0.00002) (0.00031) (0.00008) (0.00021) (0.00020)

Age 0.000306 -0.0150∗∗∗ -0.00210∗∗∗ 0.00391∗∗∗ -0.000668
(0.00019) (0.00141) (0.00046) (0.00103) (0.00098)

Age sq. 0.0000221∗∗∗ 0.000427∗∗∗ 0.0000734∗∗∗ 0.0000284∗∗∗ 0.0000581∗∗∗

(0.00000) (0.00001) (0.00000) (0.00000) (0.00000)

Ave. pc health exp. 0.00126 0.0223 -0.00819∗∗ -0.0136 0.00208
(0.00149) (0.01667) (0.00397) (0.01009) (0.01113)

PM25 (mcg/m3) 0.0000120 0.000330∗∗∗ 0.00000922 0.000144∗∗∗ 0.0000873∗∗

(0.00001) (0.00007) (0.00001) (0.00003) (0.00004)

Univ. degree (% of pop.) -0.0000893 -0.00128 0.0000594 -0.0000342 -0.000180
(0.00008) (0.00112) (0.00017) (0.00041) (0.00048)

N 4865070 4865070 4865070 4865070 4865070
r2 0.382 0.812 0.823 0.879 0.806

Standard errors in parentheses are clustered at Province level.

Estimates are population weighted using a different weight for each year. All models include year fixed effects.

Significance level: ∗

p < 0.1, ∗∗

p < 0.05, ∗∗∗

p < 0.01

Table A8: Effects of unemployment - OLS estimates with province FEs, age 15-65.

(1) (2) (3) (4) (5)
Death CVDs Cancer Pulmonary Liver

Unempl. rate -0.0000254 -0.00110∗∗ -0.0000641 -0.000667∗∗ -0.000349∗∗

(0.00003) (0.00050) (0.00010) (0.00026) (0.00015)

D(2008-2014)xUnempl. 0.0000353∗ 0.00178∗∗∗ 0.000212∗∗ 0.000907∗∗∗ 0.000532∗∗∗

(0.00002) (0.00037) (0.00010) (0.00021) (0.00013)

Age -0.00105 0.0186 0.000894 0.00602 0.0106
(0.00147) (0.02231) (0.00666) (0.01167) (0.01038)

Age sq. 0.0000134 -0.000127 0.0000115 -0.0000327 -0.000102
(0.00002) (0.00027) (0.00008) (0.00014) (0.00013)

Ave. pc health exp. 0.00239∗∗∗ 0.0591∗∗∗ 0.00370 0.0113 -0.00193
(0.00086) (0.01860) (0.00349) (0.00930) (0.00608)

PM2.5 (mcg/m3) 0.00000280 0.000283∗∗ 0.0000233 0.000177∗∗∗ 0.0000665∗

(0.00001) (0.00011) (0.00002) (0.00005) (0.00003)

Univ. degree (% of pop.) 0.0000365 0.000264 0.0000726 0.000129 0.000346
(0.00008) (0.00085) (0.00018) (0.00039) (0.00033)

N 924 924 924 924 924
r2 0.288 0.889 0.913 0.959 0.932

Standard errors in parentheses are clustered at Province level.

All models include year fixed effects. Significance level: ∗

p < 0.1, ∗∗

p < 0.05, ∗∗∗

p < 0.01.
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