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Abstract

The 2008 economic crisis, also called the Great Recession, produced only a moder-
ate rise in unemployment in Italy, but the consequences for public debt management
were far more serious. Italy makes for a good case study for evaluating the effect on
life expectancy at birth of the cost containment program in the health care system,
implemented after the crisis began. To this end we employed the Artificial Con-
trol method using the data from the Human Mortality Database to assess the causal
effect of the 2008 economic crisis on the subsequent evolution of life expectancy at
birth (until 2019, before the onset of the COVID-19 pandemic). Our analysis identi-
fies a significant deceleration in the progression of Italian life expectancy. Ten years
after the onset of the crisis, Italy appears to have lost almost 1 year of life expec-
tancy with respect to what would have been expected had the crisis never happened.

Keywords Life expectancy - Economic crisis - Italy - Artificial control - Health care
expenditure - Causal inference

Introduction

When long time series on the evolution of mortality first became available it
emerged that, over the last century and half, life expectancy at birth had followed,
in Western countries, approximately a linear trend with a steady upward slope (Oep-
pen & Vaupel, 2002; White, 2002). This discovery has subsequently been used to
counter the idea of a biological limit on human life, because if such a limit existed,
we should have seen at a certain point a deceleration in the progression of life
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expectancy. A study by White (2002) showed, by contrast, that at least in the period
1955-1995, life expectancy progression displayed a slight tendency to acceleration.
This study estimated that the overall progression in life expectancy led to a gain of
about 20-25 years over a century.

This positive picture of sustained, constant, and generalized progression in life
expectancy was, at the time, only contradicted by events in two western countries:
the USA and Denmark. Since the 1980s life expectancy decelerated significantly in
both countries and the two were at the bottom of the classification of OECD coun-
tries in 2000s. The two countries then had different fates. Denmark started to catch
up, at least in part, with other OECD countries (Christensen et al., 2010), whereas
the situation in the USA, because of the opioid crisis, actually worsened (Case &
Deaton, 2020; Wilmoth et al., 2010).

With the 2008 financial crisis (the Great Recession) the number of countries that
started to deviate from the secular linear trend of life expectancy grew. In the UK
the period after the crisis saw a substantial stall in life expectancy with practically
no significant progression over a decade (Murphy et al., 2019; Raleigh, 2018). Bel-
gium, France, and Germany also showed some signs of deceleration in life expec-
tancy, although not so strong as those identified in the UK (Murphy et al., 2019).
The reasons for this recent trend are largely unknown and only a few hypotheses
have so far been advanced to explain this change (Murphy et al., 2019): (1) Auster-
ity policies that in the aftermath of the crisis led to programs of cost reduction that
particularly affected the health sector; (2) The reduction in the improvement in car-
diovascular mortality and other causes of death; (3) The rise in the burden of trans-
mittable diseases; and (4) Tempo effects.

This picture, however, is further complicated by the fact that since 2008 many
European countries have experienced a marked reduction in mortality (Ballester
et al., 2019; Baumbach & Gulis, 2014; Cervini-Pla & Vall-Castelld, 2021; Regidor
et al., 2016; Tapia Granados & Ionides, 2017; Toffolutti & Suhrcke, 2014). This
appears, perhaps surprisingly, to be especially true for those countries in which the
rise in unemployment rate was particularly intense: Spain, Ireland, Slovenia, and the
Baltic States (Salinari & Benassi, 2022).

In summary, after the Great Recession mortality followed in Europe a somewhat
paradoxical evolution. The few countries that suffered a relatively mild form of cri-
sis, such as the UK, showed a marked deceleration in life expectancy progression.
Yet other countries, which suffered a more intense crash, showed a marked mortality
reduction.

With this paper we want to contribute to this debate by analyzing the case of Italy
trough methods borrowed from causal inference.

The Great Recession in Italy
In Italy the Great Economic Recession of 2008 proved quite different from the crisis

in other southern European countries, like Greece, Spain, and Portugal. The increase
in unemployment was relatively small (Fig. 1), while the financial effects of the
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Fig. 1 Unemployment rate (percentage of the population in the labor force). 2000-2020. Source Our
elaboration on Eurostat data (Eurostat data browser)

crisis proved strong. These led to a program of cost reductions in the public sector
which would have knock on effects through the following decade.

Health care was particularly affected by cuts. This has caused controversy in
the context of the Covid-19 pandemic. Indeed, it has been said that Italy was hit
particularly hard by the pandemic because of the reduction in healthcare spending
in the previous years (Armocida et al., 2020; Egidi & Manfredi, 2021; Ricci et al.,
2020). For this reason, at the beginning of the pandemic, in March 2020, the Ital-
ian National Institute of Statistics (Istat) released a document for the Italian Parlia-
ment which addressed, among other things, cost containment in health care.! Dur-
ing the last decades in Italy, with the aim of containing and even reducing public
debt, public health spending was reduced significantly (Cartabellotta et al., 2019).
Between 2010 and 2017 the National Health Service (NHS) registered a reduction
of 42,861 units (— 6.7%): the number of doctors decreased by — 5.9% and the num-
ber of nurses by — 6.7%. The reduction affected not only the medical staff but also
health facilities. Indeed, from 2010 to 2018, the number of beds in hospitals fell by
an annual average of 1.8%, continuing a trend underway since the mid-1990s (Istat,
2020).

Conversely, the potential demand for health services has grown over the same
period and quite strongly too. Figure 2 shows the proportion of elderly people in
ITtaly from 2009 to 2020. This is a proxy for the potential demand on health care
since older Italians typically have the greatest need for health care (Payne et al.,
2007). The growth is significant (from 20.3% in 2009 to 23.2% in 2020) and the

! https://www.istat.it/it/archivio/240199.
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Fig.2 Proportion of population aged 65 or older (percentage of total population). Italy 2009-2020.
Source Our elaboration on Eurostat data (Eurostat data browser)

proportion of the elderly in Italy is significantly higher than the European average
(EU 27): 17.4% in 2009 and 20.6% in 2020.

Therefore, if we want to read this dynamic in economic terms, potential demand
has increased, while real supply has decreased. This dual dynamic has entailed, we
would suggest, some long-term effects on the dynamics of life expectancy. To study
the effects of the Great Recession in Italy, we used the Artificial Control method
(Carvalho et al., 2018). Based on the evolution of life expectancy in those countries
that have been less affected by the crisis, we have reconstructed a counterfactual
evolution of life expectancy for a “version” of Italy in which the Great Recession
never took place.

Data and Methods

According to the potential outcome framework (Rubin, 1974) the causal effect of an
intervention is defined as the contrast between two counterfactual outcomes. This
implies that to assess the effect of the crisis on life expectancy, one should estimate
what would have been the evolution of Italian life expectancy had the Great Reces-
sion never happened.

A possible solution here consists in comparing the evolution of life expectancy in
Italy (the treated unit) with that of a country “similar” to Italy, but one where no cri-
sis took place (the control unit). The weakness of this approach lies in the fact that it
entails some degree of arbitrariness in the selection of the control unit. To solve this
problem, Abadie (2021) offered an ingenious solution. Information would be col-
lected on several different potential control units or peers, which taken together go
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to make up the donor pool. By combining the peers’ characteristics together, we can
then obtain a synthetic control as similar as possible to the treated unit. This com-
bination of the characteristics of the peers is accomplished by attributing different
weights to said peers. The synthetic control is eventually computed as a weighted
average of the peers in the donor pool.” In the present context we use a variant of the
Synthetic Control (SC) methodology called Artificial Control (AC).

The AC method (Carvalho et al., 2018) presents several advantages with respect
to the SC method.

First, SC relies on a convex combination of control units. This means that the
weights attributed to the control units must be positive and sum to 1. Because of this
limitation it is not possible to apply the SC method when the treated unit has a value
(life expectancy) that, for instance, exceeds those observed for the peer in the donor
pool. More importantly, the fact of relying on a convex combination induces a bias
in the estimator (Ferman & Pinto, 2016). The AC method has the advantage of not
requiring a convex combination and negative weights can, thus, be employed.

Second, the weights in the SC method are estimated by taking the averages over
time of the observed variables for each control unit. In this manner, the temporal
dynamic of the process is lost and the weights are estimated using pure cross-sec-
tional data. The AC method, instead, allows for the preservation of the time dimen-
sion of the data.

Third, and perhaps more importantly, in the SC method there is not a formal
inferential procedure for hypothesis testing: inference is performed by means of a
complex permutation test (Abadie, 2021; Abadie et al., 2010). In the case of the AC
method a relatively simple parametric test based, instead, on the chi-square distribu-
tion can be performed. This last point particularly led us to use the AC method in
the present context.

As the SC method the application of the AC method is based on two key assump-
tions (Fonseca et al., 2018):

1. The control units are not affected by the intervention (the crisis) and
2. The data are trend stationary.

In the formation of the donor pool, we excluded non-European countries that
suffered a mild form of crisis (such as Australia, Canada, and Japan), because
we considered them too different from Italy in terms of the organization of their
Health Care System and more in general, in terms of lifestyle. Following the
method set out in the paper of Tapia Granados and Ionides (2017), we first identi-
fied our donor pool, namely nine European countries where the crisis had only
mild effects (or no effect): the variation in the rate of unemployment was less
than 2 percentage points between 2007 and 2010. We selected eight of the nine
with a life expectancy at birth series available in the Human Mortality Database
(HMD) from 1970 to 2019: Austria, Belgium, Finland, France, West Germany,

2 See for recent applications of this method: Azzolini and Guetto (2017), Bonneau et al. (2022), Geloso
and Pavlik (2020), Grier and Maynard (2016).
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the Netherlands, Norway, and Switzerland. This period was selected for three
main reasons. First, we wanted to stop the analysis just before the onset of the
COVID-19 pandemic. Second, the 1970-2007 (pre-treatment) period is, in terms
of life expectancy progression, rather homogeneous across the European coun-
tries here considered. It is characterized by a rapid rise in life expectancy thanks,
above all, to a significant reduction in cardiovascular mortality (the so-called car-
diovascular revolution). Third, Fonseca et al. (2018) suggest using at least 40-50
observations when applying the AC method. However, since our results may
depend on the length of the time series employed in the procedure, we resolved to
repeat our tests by also using the shorter period 1990-2019.

We then differentiated these series, because life expectancy is not stationary
(the series are generally integrated of order 1; see below for a verification of this
statement). Indeed, it has been shown that techniques such as SC and AC may
yield biased results if the original series are not stationary (Carvalho et al., 2016).
We finally assume that the intervention, the crisis, started in 2008 (7})) and lasted
until the end of our series in 2019 (7).

To build the artificial control, we first ran the following linear model over the
pre-intervention period 1971-2007:

Ay, =a+ Y fAx, +e, t=1..,T—1,

where Ay, =y, —y,_; is the change in life expectancy in Italy between ¢ and t — 1,
Ax;, = x;, — x;,_ is the change in life expectancy in control unit i between year ¢
and ¢ — 1, p is the number (eight) of countries taken as control units, « and f; are
the model parameters, and ¢, is the error term. The model can also include lagged
regressors (Ax;, ), but since the inclusion of these additional terms did not yield a
significant improvement in model accuracy, we preferred the simpler version with-
out lags. The model parameters can be, in principle, estimated via ordinary least
squares (OLS), but the AC method works better if LASSO regression is employed.
This means that instead of minimizing the following quantity with respect to the
parameters @ and f;:

_ 2
ssE= Y (Ay—a= Y0 )

we minimize the quantity:
P
SSE+4 )" |8,

where 4 is a tuning parameter to be determined through cross-validation. For ele-
vated values of 4 it can be shown that the LASSO method forces some (or even all)
of the f; parameters to be exactly zero. So, the LASSO method can be viewed as a
way to select only those control units that are closer to the treated unit in terms of
their life expectancy evolution. The variance—covariance matrix of the model was
estimated through the Newey and West (1987) sandwich estimator so as to take into
account both heteroskedasticity and autocorrelation.
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The coefficients @ and //3: estimated on the pre-treatment period 1971-2007 can
then be employed to predict the variation in life expectancy Ay, over the post-treat-
ment period 2008-2019 by combining the post-treatment series of the countries in
the donor pool. By contrasting the actual series (Ay7  Ay;) with the predicted
series (Ai’\ro,...,Ai’\T) for the post-treatment period we get the average effect 6 of the
crisis on the evolution of life expectancy:

1 T .
b= m Zl’:TO (Ayi - Ay,')-

It is important to note that we cannot exclude the possibility that at least some
of the donor pool countries suffered a mild form of recession. We will, therefore,
consider in the present context the estimates of 6 as a lower bound for the true causal
effect of interest. Carvalho et al. (2018) shows that 6 is asymptotically normally dis-
tributed. This result may be used to build a confidence interval for 6:

SE
5+ —z,.

VT

where s, is the standard deviation of the residuals of our regression model and z,,
is the quantile of the normal distribution that leaves in the right tail a probability of
a /2. The formal test for the null hypothesis that § = 0 is instead performed by com-
puting the quantity

w= T(5ss)2,

which asymptotically conforms to a chi-square distribution with one degree of free-
dom. To perform all the steps of this procedure we used the ArCo R package (Fon-
seca et al., 2018).

As a final step, we repeatedly applied the AC procedure to all countries in our
donor pool to produce a series of placebo tests. According to our hypotheses, we
thus expect to identify, after the crisis onset, a stronger deceleration in life expec-
tancy when the country analyzed is Italy (the main test); by contrast we expect to
find a weaker deceleration, or no deceleration at all, when the procedure is applied
to the other donor pool countries which were comparatively less affected by the cri-
sis (placebo tests).

Quantifying the Effects of the Crisis on Life Expectancy

Following the classification proposed by Tapias Granados and Ionides (2017)
Italy assumes an intermediate position between our control group—where the cri-
sis produced almost no effect on unemployment—and countries, such as Spain
and Greece, where the increase in unemployment was steepest. The rise in unem-
ployment, however, does not exhaust all effects entailed by the crisis. In some
countries the crisis also brought in the next years a deceleration in health expend-
iture. This is exactly what happened in Italy. Figure 3 shows the evolution of per
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Fig.3 Current health expenditure in selected European countries over the period 2000-2018. Panel A
shows absolute values of per capita current health expenditure. Panel B shows index numbers with the
year 2000 as point of reference. Source Our elaboration on World Bank data

capita current health expenditure during the period 2000-2019 for Italy and the
control units. Specifically, we show in Fig. 3A the absolute values of this indica-
tor in current US dollar, whereas in Fig. 3B we computed index numbers with
the year 2000 as our point of reference. From these figures it emerges that at the
beginning of the crisis Italy was already spending less on health care than the
control units (Fig. 3A) and that from the onset of the crisis a strong divergence
took place between Italy and the control units (Fig. 3B). The divergence appears
particularly marked during the period 2008-2015.

The crisis, thus, induced multiple changes (in unemployment, health expendi-
ture, etc.) in Italy in comparison to the control units. The important point here is
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Table 1 Order of integration of

the series and the coefficients of Country [I)(f,’:li;est ;I\)/;::: Model coeff
LASSO regression
Intercept - - 0.0665
Austria <0.01 <0.01 -
Belgium <0.01 <0.01 -
Finland >0.10 <0.01 —-0.1077
France 0.02 <0.01 0.7045
Germany (West) <0.01 <0.01 -
Italy <0.01 <0.01 -
The Netherlands 0.02 <0.01 —0.166
Norway <0.01 <0.01 -
Switzerland >0.10 <0.01 0.3357

Source Our elaboration on HMD data

that through the Artificial Control method we will measure the joint effect on life
expectancy produced by all these different changes.

To determine the order of integration of life expectancy series we ran two kinds
of test for each country: we first employed the KPSS test (Kwiatkowski et al., 1992)
on the levels of our series to determine whether they are non-stationary and then we
applied the Phillips—Perron test (Perron, 1988) on the differentiated series to deter-
mine whether they are stationary. The difference between these two kinds of test is
that in the KPSS test the null hypothesis is represented by the condition of stationar-
ity, whereas in the Philips—Perron test the null is represented by non-stationarity. In
both series of tests, we thus set a null hypothesis which represents the opposite of
what we want to prove. Both kinds of test allow for heteroscedasticity in the series
and for this reason they have been preferred to the ADF test (Said & Dickey, 1984).

The results of the KPSS tests (Table 1, first column) reject the condition of
stationarity for all series except two: Finland and Switzerland. The results of the
Philips—Perron (Table 1 second column) show that the first differences of life expec-
tancy are stationary in all countries. Since stationarity is a required condition for
applying the SC and AC methods, we resolved to use the differentiated series for our
analysis.

We then ran a LASSO regression in which the variations in Italian life expectancy
represent the response variable, whereas the variations in life expectancy observed
in the countries of the donor pool represent potential explanatory variables. Through
cross-validation we estimated A = 0.01783, then the LASSO regression selected
four countries in the donor pool for the analysis: Finland, France, the Netherlands,
and Switzerland. The estimated coefficients (see the last column in Table 1) indicate
how the variations observed in these four countries must be combined to form the
artificial control. The weights are greatest for France (0.70) and Switzerland (0.33),
two countries bordering Italy. To give you an idea of the similarity of these coun-
tries in terms of life expectancy, consider that in 2007, just before the onset of the
crisis, life expectancy was 80.97 in France, 81.50 in Italy, and 81.7 in Switzerland.
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Fig.4 The evolution of life expectancy at birth in Italy 1971-2018. Panel A shows actual and predicted
annual variations in life expectancy. Panel B reports actual and predicted annual levels of life expectancy.
Source Our elaboration on HMD data

The main results of our analysis are to be found in Fig. 4, where panel A shows
the actual (Ay,) and the predicted (AY,) series of the annual variation in life
expectancy, whereas panel B reports the evolution of actual (y,) and predicted
(3,) levels of life expectancy. To compute the predicted life expectancy series,
we simply added to the value of life expectancy recorded in 1970 the cumulated
series of predicted variations observed thereafter.

What interests us most here is the differential between the actual and the pre-
dicted (artificial) series that materializes after the onset of the economic crisis
(marked by a vertical dashed line). In Fig. 4A the actual series tends to lie below
the counterfactual series after the crisis. For this reason, the estimate of 6—the
average difference between the two series during the post-treatment period—Ieads
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to a negative value of — 0.094 (95% confidence interval: — 0.153, — 0.035). This
indicates that after the onset of the crisis the evolution of life expectancy in Italy
has progressed at a significantly (p value=0.002) slower pace than we would
have expected had the crisis not happened.

This is easier to see if we look at life expectancy levels. During the pre-interven-
tion period life expectancy in Italy appears to follow an almost perfect linear trend
with a slope of about 0.27. This is in line with what is known about the evolution
of life expectancy at birth in other contexts (Lee, 2019; Oeppen & Vaupel, 2002)
for which a slope of about 0.3 was estimated. The beginning of the crisis, how-
ever, clearly represents a turning point in the recent history of Italy. The estimate
of — 0.094 for 6 corresponds to a deceleration in the progression of life expectancy
of about 30% with respect to the pre-crisis value. So, if before the crisis there was a
gain in life expectancy of 3 years every 10 years, after the crisis this fell to a gain of
only 2 years. Figure 4B shows that in the first decade after the crisis began, Italy lost
about 1 year of life expectancy with respect to what would have been expected based
on its previous dynamics. To check the robustness of our results we repeated our
analysis by focusing this time on the shorter period 1990-2019 and obtained similar
results: the difference between the actual and the counterfactual series in the post-
treatment period (6) was equal to 0.079, with a 95% confidence interval of (— 014,
— 0.13) and a p value of 0.019. When, however, the analysis was restricted to the
remaining life expectancy at age 65, the effect of the crisis proved to be not signifi-
cant (results not shown). This seems to indicate that the deceleration in life expec-
tancy at birth observed after the crisis is not due to worsening conditions among the
elderly population. The placebo tests performed on the countries in the donor pool
did not find a significant effect of the crisis in six out of eight countries; in two coun-
tries, West Germany and Austria, the crisis had a similar effect to that observed in
Italy, although with a smaller magnitude. Since the LASSO regression (see Table 1)
excluded these two countries from the composition of the artificial control, this does
not represent an issue for our previous analysis.

Discussion and Conclusion

The Italian economic crisis saw policies tailored to the containment of public debt
and only moderate rises in unemployment levels. In this context our analysis identi-
fied a deceleration in Italian life expectancy at birth which coincides with a phase of
stagnating current health expenditure.

The pre-crisis period 1970-2007 was characterized, instead, by a steady progres-
sion in life expectancy pushed by a significant reduction in cardiovascular mortality.
This surprising stability can be checked by looking at Fig. 4B where it is shown
that for this entire period life expectancy progression stays very close to a straight
line. The relevance of the break that manifest in 2008 can be, in our view, fully
understood only if we compare the evolution of life expectancy after 2008, with the
great stability that instead characterized the progression of life expectancy before
this epoch.
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Italy seems, in this respect, to share a similar fate to European countries such as
Austria, Belgium, Germany, and the UK which experienced, after 2007, a relatively
moderate rise in unemployment, followed by a significant deceleration in life expec-
tancy. However, the specific mechanisms through which the economic crisis and life
expectancy deceleration interacted in the Italian context remain largely unknown.
The analysis of the evolution of remaining life expectancy at age 65 did not identify
a significant deceleration process. According to this analysis the elderly population
appears to have been spared by the crisis. A possibility is that during the reduc-
tion in healthcare spending the Italian health care system concentrated its resources
mainly on the frailest segment of the population, leaving the other segments some-
what unsheltered. Whatever the right explanation, it should be noticed that several
contexts exist in which a deceleration in life expectancy progression took place
because of the worsening health conditions among relatively younger parts of the
population. In the USA, for instance, Case and Deaton (2020) have shown that the
recent dynamic of life expectancy have been heavily affected by the rise in mor-
tality of a very specific group: low educated white men in the 45-54 age bracket.
In Greece, instead, the economic crisis coincided with a phase of increasing infant
mortality and reduced cardiovascular mortality (Filippidis et al., 2017).

For those European countries in which unemployment rose significantly after
the crisis the evidence collected points in the other direction: the worsening of eco-
nomic conditions induced a faster decrease in mortality and thus a faster increase in
life expectancy. The reason for this counterintuitive change seems to be found in two
main mechanisms: (1) Crises make the environment temporarily healthier by reduc-
ing air pollution, work and car accidents, and the spread of transmittable diseases
(because of reduced work and commercial interactions) and (2) Crises induce peo-
ple to abandon unhealthy habits such as smoking and drinking and to increase the
time they devote to physical activity, sport, and medical care (Catalano et al., 2011;
Ruhm, 2000, 2016; Tapia Granados, 2005).

Thus, one of the key variables for explaining the dynamics of life expectancy in
Italy seems to be represented by unemployment. Let’s compare, for instance, Italy
to Greece and Spain. Even though Greece and Spain went through a phase of stag-
nation/contraction in per capita health expenditure, as Italy did, they did not see a
deceleration in life expectancy at birth (Filippidis et al., 2017; Kentikelenis et al.,
2014; Regidor et al., 2013, 2016). It must be remembered, however, that in these
countries the crisis also produced a huge rise in unemployment: levels reached well
over 25% of the working population (see Fig. 1). So, it is possible that in Spain and
Greece the negative effect due to the contraction in per capita health expenditure
was counterbalanced by the positive (for life expectancy) effect due to rising unem-
ployment levels. By contrast, in Italy, where the rise in unemployment was moderate
at the national level (specific sub-national contexts may have been, instead, char-
acterized by elevated unemployment levels) the effect of the stagnation in current
health expenditure eventually prevailed and there was a deceleration in life expec-
tancy progression.

Italy’s experience is important, we would suggest, because it indicates that there
may be, besides the two main mechanisms connected to the increase in unemploy-
ment, other mechanisms through which crises influence the evolution of mortality.
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Importantly, one of the effects of the increase in unemployment may be to hide these
other mechanisms. For this reason, one may derive the superficial impression, while
looking at Spain or Greece that in these countries the cuts to the health care system
did not produce significant effects on the subsequent evolution of life expectancy.
Italy seems to indicate the opposite that life expectancy may be extremely sensitive
to cuts in the health care systems. This is a point that should be kept in mind, along
with other economic goals, when planning health care reforms.
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