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Introduction

In 2017, about 17.7 million people died from cardio-
vascular diseases (CVD), which makes CVD the 
largest cause of death globally. It is thus a priority to 
gain a better understanding of the driving forces 
behind changes in CVD mortality. Using cross- 
sectional time-series data for 32 countries, this work 
studied the potential role of macro-economic fluctu-
ations as indicated by changes in the unemployment 
rate and GDP.

Unemployment, or the fear of losing one’s job, 
potentially affects several risk factors linked to CVD 
such as stress, anxiety, depression, high blood pres-
sure and serum cholesterol [1]. The hypothesis that 
unemployment is associated with increased CVD 
risk thus seems plausible and is supported by the 

findings from large-scale longitudinal census-based 
studies carried out in Denmark [2], Finland [3] and 
the UK [4] indicating elevated rates of CVD mortal-
ity among the unemployed. However, at least part of 
this excess risk might be due to health selection; that 
is, that those with poor health are more likely to 
become unemployed. This notion is supported by 
specific analyses in one of these studies [2]. One 
approach to avoiding the problem of health selection 
is to apply a quasi-experimental approach by explor-
ing the effect on mortality risk of plant closures or 
downsizing. Although earlier work in this tradition, 
typically relying on case studies, has been criticised 
as methodologically weak, there are a couple of 
recent Nordic studies that are methodologically more 
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satisfactory in that they rely on large administrative 
data sets covering the whole population. Thus, a 
Danish study [5] reports statistically significant 
effects of job loss due to plant closure on mortality in 
the broader category of circulatory diseases, as well 
as in the more specific outcomes of myocardial 
infarction and stroke. The results from a swedish 
study [6] point in the same direction, although the 
estimates are less precise, and statistically insignifi-
cant, possibly due to the smaller data set.

Analyses of aggregate time-series data provide 
another way of gaining insights into the relation 
between unemployment and health. The early work 
in this tradition by Brenner et al. found that increases 
in the unemployment rate were linked to increases 
in CVD mortality in a large number of countries, 
including the UsA [7], the UK [8] and sweden [9]. 
However, closer examinations of Brenner’s work 
[10] revealed serious methodological flaws, such as 
correlating trending time series and arbitrary speci-
fications of lagged effects. The investigation by 
ruhm [11] was one of the first well-designed stud-
ies in the field, and this study suggested that reces-
sions are in fact associated with improved population 
health. Applying fixed-effects modelling of Us state 
data for the period 1972–1991, he found that an 
increase in the state unemployment rate of one per-
centage point was associated with an approximately 
0.5% decrease in total mortality. more detailed 
analyses revealed that mortality from 8/10 causes of 
death, including CVD mortality, decreased during 
bad times. The finding that CVD mortality is pro-
cyclical (i.e. it decreases in economic downturns) 
has been replicated in a subsequent and more 
detailed analyses of Us data [12] and in similarly 
designed analyses of data for Germany [13] and the 
OECD countries [14]. However, in analyses of 
spanish panel data [15], the association between 
unemployment and CVD mortality was statistically 
insignificant. Further, a study based on swedish 
panel data [16] found a statistically significant 
counter-cyclical effect (i.e. CVD increases in eco-
nomic downturns).

Although the pattern of findings from the litera-
ture reviewed above is far from clear-cut, most indi-
vidual-level analyses find adverse effects of 
unemployment on CVD outcomes, while the aggre-
gate population-level studies tend to reveal a pro-
cyclical effect, implying that economic upturns are 
associated with increased CVD. However, these 
opposing findings need not be incompatible. 
Although a downturn in the economy in all proba-
bility has a detrimental health effect on those who 
lose or fear losing their jobs, this negative effect 
might be more or less offset by a cardio-protective 

effect on the remaining, and much larger, part of the 
population. A slowdown in the economy is thus 
potentially associated with reduced exposure to a 
number of risk factors for CVD, including overtime 
and work-related stress, less exposure to air pollut-
ants and reduced intake of alcohol and tobacco [12]. 
Thus, positive and negative effects of a downturn in 
the economy are possibly present simultaneously. 
Which of the two are the stronger might therefore 
depend on a number of factors, for example specific 
characteristics of the country and time period under 
study, as well as which age group and specific CVD 
outcomes are in focus. These sources of heterogene-
ity might explain the somewhat inconsistent pattern 
of aggregate findings.

Another issue concerns the choice of macro- 
economic indicator. It is noteworthy that the empha-
sis in the existing population-level studies is on the 
role of unemployment. However, during the last half-
century, CVD mortality has decreased dramatically 
(at least in the developed countries; see Figure 1), 
and a large part of this decrease seems to be attribut-
able to advances in prevention and treatment (for a 
review, see mensah [17]). A plausible hypothesis in 
this context is that the necessary resources for these 
advances are provided by economic growth, as indi-
cated by GDP/capita.

Does the link between unemployment 
and cVD vary across time and space?

Welfare state regimes

In her review of the literature, Bartley [18] singles 
out poverty and financial anxiety as especially 
important mechanisms linking unemployment to 
stressful life events that might deteriorate health, 
including cardiovascular health. This suggests that 
the adverse effect of job loss may be mitigated by a 
generous welfare system. This hypothesis receives 
support from the few studies that have addressed 
this topic. Thus, two studies [19,20], both based on 
time-series data for close to 30 countries, found a 
gradient in the unemployment effect on suicide, 
being weaker in countries with more generous 
labour-market security. Further, in their analyses of 
time-series data for 23 OECD countries, Gerdtham 
and ruhm [14] found a weaker pro-cyclical varia-
tion in several causes of death (including CVD) in 
countries with strong social welfare systems (prox-
ied by public social expenditure). A possible mech-
anism underlying this pattern is that employees in 
these countries due to their tighter social safety 
nets have less incentive and pressure to work harder 
than what is healthy when the economy is 
booming.
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Figure 1. (Continued)
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Figure 1. Trends in GDP/capita (Us$10,000), unemployment rate, and cardiovascular disease (CVD) and coronary heart disease (CHD) 
deaths per 100,000 in the age group 20–64 years.

In the present study, we applied a design that has 
been developed within comparative population 
health research [21], and which was used in one of 
the studies mentioned above on the association 
between unemployment and suicide [20]. In this 
scheme, the countries are classified into five welfare 
state regimes, ranked from low (1) to high (5) levels 
of social and financial protection during unemploy-
ment: (1) Eastern European countries, (2) southern 
European countries, (3) Anglo-saxon countries and 
Japan, (4) Bismarckian countries, and (5) 
scandinavian countries (see Table I). The ranking is 
based on the generosity of the unemployment pro-
tection system as indicated by four indicators, the 
most important being the replacement rate [22]. 
The highest levels of unemployment protection are 

thus found in the scandinavian and Bismarckian 
countries, and the lowest levels are found in the 
Eastern and southern European countries, with the 
Anglo-saxon countries in between.

Has the Great Recession amplified the 
unemployment effect?

Another issue that we address is whether the detri-
mental health effect of the Great recession might 
differ from the effects of previous economic down-
turns. The Great recession, which started in the fall 
of 2007, is considered to be the deepest global eco-
nomic recession during the post–World War II 
period. One hypothesis is that losing one’s job dur-
ing such a grave crisis is particularly harmful due to 
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the poor prospects of finding a new job and the 
decreased access to social services and medical treat-
ment following the austerities implemented in sev-
eral countries due to the recession [23]. Alternatively, 
it can be hypothesised that job loss is felt as less stig-
matising when this situation is shared by many oth-
ers in society. A pertinent finding in this context, 
based on Us individual-level data, indicated that job 

loss increases the risk of CVD only if it occurs under 
recessionary conditions [24].

Aims of the study

The present study expands on previous aggregate-
level research by (a) including a fairly large number 
of countries that represent various welfare state 

Table I. Descriptive statistics (period averages) for unemployment replacement rate, unemployment, GDP, male CVD and CHD rate per 
100 000 (20–64 years), and female CVD and CHD rate per 100,000 (20–64 years).

Observation 
period

Unemployment 
replacement 
rate* (%)

Unemployment GDP mortality rate per 100,000 (20–64 
years)

 CVD CHD

 Females males Females males

Eastern European countries
Bulgaria 1990–2014 11.41 10,541.33 103.35 226.26 25.37 89.07
Croatia 1991–2015 13.41 13,961.28 56.33 155.17 17.65 75.29
Czech republic 1993–2015 6.30 20,256.62 70.23 186.60 28.64 117.18
Estonia 1990–2015 8.62 14,004.61 75.89 261.80 34.10 162.96
Hungary 1992–2015 8.36 12,431.19 95.30 228.43 41.09 132.07
Latvia 1992–2015 11.50 13,674.42 100.73 330.67 47.00 207.04
Lithuania 1994–2015 12.38 13,893.47 74.82 256.47 36.90 171.89
Poland 1992–2015 12.54 10,591.84 71.09 187.73 20.09 89.48
romania 1990–2015 7.33 7,858.81 108.66 205.38 30.22 86.61
slovakia 1994–2014 14.08 17,119.09 52.38 163.77 28.10 106.58
slovenia 1996–2015 7.10 18,206.95 33.98 107.04 10.26 52.02
Period average 56.10 10.28 13,867.24 76.62 209.94 29.04 117.29
Southern European countries
Greece 1974–2014 9.82 16,394.77 43.75 104.37 13.21 58.94
Italy 1960–2014 8.57 23,134.82 47.59 107.51 14.07 56.80
Portugal 1974–2014 7.25 14,578.37 57.91 114.17 13.99 45.22
spain 1972–2015 15.07 18,225.28 44.45 95.11 9.13 40.34
Period average 55.11 10.18 18,083.31 48.43 105.29 12.60 50.32
Anglo-Saxon countries and Japan
Australia 1960–2013 7.50 29,031.37 50.04 139.86 27.69 108.81
Canada 1960–2015 6.07 35,778.07 73.88 178.54 37.95 124.74
Ireland 1960–2015 2.80 23,573.09 49.93 98.01 8.49 22.07
Japan 1960–2013 9.24 24,390.53 72.59 165.44 35.69 119.87
New Zealand 1960–2015 5.80 24,781.49 61.11 159.16 29.88 118.95
United Kingdom 1960–2015 5.48 28,739.63 60.53 150.24 31.82 111.71
United states of America 1960–2013 3.93 21,173.58 68.63 164.38 35.78 124.48
Period average 61.32 5.83 26,781.11 62.39 150.80 29.61 104.38
Bismarckian countries
Austria 1960–2016 3.25 25,010.63 49.06 130.33 18.41 77.24
Belgium 1960–2014 7.46 24,613.77 48.61 123.35 16.71 69.38
France 1960–2014 6.76 24,671.89 31.04 84.79 7.02 36.82
Germany 1960–2015 5.26 26,702.30 46.97 128.37 19.01 79.02
Netherlands 1960–2015 4.94 28,360.63 39.60 110.72 17.43 76.46
switzerland 1960–2013 1.86 35,111.07 33.37 93.95 12.78 56.57
Period average 71.00 4.92 27,411.72 41.44 111.92 15.23 65.91
Scandinavian countries
Denmark 1960–2015 5.46 27,251.88 43.48 118.11 21.64 83.88
Finland 1960–2014 6.42 23,759.95 61.64 215.93 27.07 156.60
Norway 1960–2015 2.90 37,390.58 37.24 119.42 17.89 89.41
sweden 1960–2015 4.55 26,918.96 37.70 106.60 18.03 76.79
Period average 72.10 4.83 28,830.34 45.01 140.01 21.16 101.67

CVD: cardiovascular disease; CHD: coronary heart disease.
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regimes that might potentially modify the association 
between unemployment and CVD, (b) using time-
series data that are long enough to enable the assess-
ment of the possible impact of the Great recession 
on CVD mortality, and (c) including GDP/capita in 
addition to unemployment as an explanatory variable 
in order to test whether GDP has any long-term 
effect on CVD.

Methods

The study comprised 32 countries, and the longest 
observation period was 1960–2015, though it was 
appreciably shorter for some countries (see Table I). 
Data on unemployment (% unemployed in the work-
force) were obtained from Eurostat. Age-specific 
mortality data for females and males were sourced 
from the World Health Organization mortality 
Database. Data on GDP/capita, expressed in pur-
chasing power parity and converted into Us dollars of 
1990 value, were obtained from the maddison 
Project. sex-specific and age-standardised mortality 
rates (numbers of deaths per 100,000 population) 
were constructed (following the WHO World standard 
population) for the working-age population (20–64) 
and for the age groups 20–34, 35–49, 50–64 and ⩾65 
years. In addition to total CVD mortality, we analysed 
mortality from coronary heart disease (CHD), which 
is considered to be especially affected by modifiable 
health behaviours and therefore particularly sensitive 
to macroeconomic fluctuations [12]. supplemental 
Table sI shows which ICD codes were included.

We included an interaction term to capture the 
possible excess effect of unemployment during the 
years of the financial crisis. The interaction term was 
constructed as follows:

Uncrisis Unemployment Crisisit it it= *

where Unemployment is the unemployment rate (%) 
and Crisis is a country-specific variable that takes the 
value 0 in years with no recession, 0.25 in years with 
a one-quarter recession, 0.5 in years with a two-
quarter recession, 0.75 in years with a three-quarter 
recession and 1 in years with four quarters of reces-
sion. We used the common definition of recession, 
that is, that a recession occurred when GDP had 
contracted for least two consecutive quarters. Data 
were obtained from Eurostat and OECD. Different 
ICD classifications were used during the study 
period, from ICD-7 to ICD-10, and possible influ-
ences of revisions of ICD classification were cap-
tured by dummy variables.

Depending on the structure of the data, we opted 
for one of two alternative modelling strategies to 

estimate how mortality responds to macro-economic 
changes: (a) error correction modelling (ECm; pro-
vided that the data are co-integrated), and (b)  
first-difference modelling (in the absence of co-inte-
gration). ECm is useful when short- and long-term 
dynamics are investigated, and it was used in a study 
with a design similar to the present one that esti-
mated short- and long-term effects of GDP on traffic 
fatalities [25].

To test the hypothesis that the unemployment 
effect might differ across welfare state regimes, the 
countries were sorted into five country groups rang-
ing from low to high levels of unemployment protec-
tion, as described above and detailed in Table I. 
Although the grouping of countries into welfare 
regimes increases the power of the analyses, it comes 
at the cost of concealing possible country differences. 
Thus, we performed country-specific analyses as 
well. This was in the form of time-series analyses 
applying the technique developed by Box and Jenkins 
[26], often referred to as autoregressive integrated 
moving average (ArImA) modelling. A simple dif-
ferencing was sufficient to remove trends to achieve 
the stationarity required for ArImA modelling.

Following standard specifications [27], our error 
correction model was as follows in its most basic form 
(like most previous studies, e.g. [11–13], we applied a 
semi-log specification, i.e., with logged mortality):

∆ = + +

+ ∆
− −LnMortality LnMortality GDP

Unemployme
it it itα β β
β

1 1 2 1

3 nnt GDPit it it+ +∆β ε4

In this equation, β3 and β4 indicate the instantane-
ous, short-term effect on mortality of a change in 
unemployment and GDP, respectively, while β1 esti-
mates the speed at which the long-term effect of 
GDP operates. If such an effect does exist, the esti-
mate of β1 should be negative and statistically signifi-
cant. The total long-term effect of GDP was 
calculated as β2/(–1×β1), and we used F-tests to 
assess whether the estimated unemployment effects 
differed across the five country groups.

A complication with pooled time-series cross-
sectional data is the likely presence of serial and 
spatial (cross-country) dependence of the errors, 
which yields a downward bias of the ordinary least 
squares estimates of the standard errors. We thus 
chose a modelling technique that accounts for spa-
tial dependence of the errors by applying the more 
conservative panel-corrected standard errors sug-
gested by Beck and Katz [28] and that accounts for 
serial dependence by including panel-specific auto-
regressive parameters for estimation of residual 
autocorrelation.
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Prior to performing error-correction modelling, it 
is necessary to carry out some key tests. First, we 
tested for unit root using the Fisher-type ADF panel 
unit root test [29]. If the independent and dependent 
variables prove to be integrated of the order I(1), the 
next step is to test whether they are co-integrated. 
Two variables X and Y are co-integrated if there 
exists a linear combination of X and Y that is station-
ary around which the two series fluctuate; put simply, 
if X drifts off, Y is bound to follow suit, and in the 
long run, the series will not drift far apart. The theory 
of co-integration originates from Engle and Granger 
[30], and empirical examples include the relation 
between GDP and traffic fatalities (25). We used the 
panel co-integration test developed by Westerlund 
[31]. simulation results [31] indicate that the tests 
have better small-sample properties and power than 
other commonly used panel co-integration tests. 
Provided the test indicates co-integration, it is appro-
priate to proceed to error correction modelling; if 
not, the first two variables in the model [2] are 
dropped, and we are left with a first-difference model. 
Note that the EC model as well as the first-difference 
model only exploit within-country variation, thus 
avoiding the potential bias due to country differences 
that are linked to the dependent as well as the inde-
pendent variables.

All statistical analyses were performed with stata 
v15 (stataCorp, College station, TX).

results

Descriptive statistics are shown in Table I. There was 
a steady and marked decrease in CVD mortality in 
all country groups during the study period, although 
the decline did not start until the 1970s in the 
scandinavian country group (Figure 1). After 2007, 
unemployment rose in all country groups except the 
Bismarckian, and the increase was especially marked 
in the Eastern and southern European country 
groups. (Inspection of the country-specific trends 
reveals that unemployment increased in every single 
country after 2007 except for Germany, where it 
decreased somewhat.) The graphs in Figure 1 make 
it obvious that unemployment has a limited explana-
tory power with respect to the trajectories in CVD 
mortality. For instance, the approximately halving of 
male CVD mortality observed in most of the country 
groups is obviously due to factors other than unem-
ployment. Likewise, none of the marked spikes and 
troughs in the unemployment rate left any traces in 
the mortality trends. Although changes in the unem-
ployment rate might still have some effect on mortal-
ity, we should not expect this effect to be very large. 
GDP seems to have more potential for having an 

impact on CVD mortality, but diverging trends is a 
precarious basis for causal inferences.

The unit-root testing (supplemental Table sII) 
suggested that all series were non-stationary and inte-
grated of the order I(1). However, the outcome of the 
co-integration tests (supplemental Table sIII) indi-
cated that GDP was not co-integrated with any of the 
two outcomes in any country group in any demo-
graphic group. This means that the necessary condi-
tion for EC modelling was not fulfilled, and we thus 
proceeded to estimate the first-difference models. As 
can be seen in Tables II and III, the estimated effects 
of unemployment and GDP on CVD mortality and 
CHD mortality were clearly insignificant in all coun-
try groups for males as well as females. The interac-
tion term (Uncrisis) that estimates the possible excess 
effect of unemployment during the years of the finan-
cial crisis was clearly insignificant in all model estima-
tions (estimates not shown). The outcome from the 
country-specific time-series analyses is displayed in 
supplemental Table sIV. most of the estimates were 
statistically insignificant. However, for two countries 
(Germany and the UsA), the estimates suggested 
that an increase in GDP was associated with lowered 
CVD mortality, while increased unemployment was 
linked to decreased mortality in the UsA.

Discussion

CVD is the leading cause of death globally, and stress 
is one of its well-established risk factors. stress, in 
turn, might be induced by economic downturns not 
only for those who become unemployed, but also for 
those who fear losing their jobs. On the other hand, it 
has also been hypothesised that economic downturns 
might have a cardio-protective effect, for example 
due to less overtime and work-related stress and less 
exposure to air pollution. It is therefore of interest to 
investigate how the prevalence of CVD is related to 
economic fluctuations.

most previous aggregate-level studies on this 
topic have focused on a single country and typically 
rely on data from before the year 2000. The findings 
from these studies cover the whole spectrum from 
significantly positive associations (that CVD 
increases in economic upturns), as found for the 
UsA for example [12], over insignificant (spain 
[15]), to significantly negative (sweden [16]). In the 
present study, we adopted a more encompassing 
approach by including a large set of countries and 
using data that cover more recent time periods. This 
design made it possible to assess whether the rela-
tion between unemployment and CVD is modified 
by the generosity of the unemployment protection 
system or by the Great recession, and we also tested 
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whether GDP has any short- or long-term effects on 
CVD mortality. In addition to pooled time-series 
cross-sectional modelling, we performed country-
specific analyses. The latter uncovered statistically 
significant associations for a few countries, although 
the estimates were clearly insignificant for the vast 
majority of nations. It cannot be excluded that the 
statistically significant estimates are due to as yet 
unknown country characteristics. Alternatively, they 
might be the false positives that likely occur when a 
large number of models are being estimated. The 
analysis of the pooled data, which yields a more 
global outcome, suggests that there were no statisti-
cally significant associations between the prevalence 
of CVD and changes in the economy, whether these 
are proxied by GDP or unemployment. This pattern 
held true across five different country groups with 
various levels of unemployment protection, as well 
as across different age groups and outcomes (CVD 
vs. CHD).

The question now is how to interpret our find-
ings. As noted above, a downturn in the economy, 
as proxied by increased unemployment, might 
increase the CVD risk for those who lose or fear 
losing their jobs. At the same time, a downturn 
might have beneficial effects, for example by reduc-
ing overtime and giving more time for health-pro-
moting activities. The absence of any association 
between unemployment and CVD that we observed 
might thus be an amalgam of these countervailing 
effects.

Before concluding, some limitations of our 
study should be pointed out. A potential reason for 
our null result might be a lack of power due to 
insufficient numbers of observations, measure-
ment errors, inefficient estimation techniques and 
so on. However, this notion is contradicted by the 
fact that when basically the same research design 
was applied in a study addressing the association 
between unemployment and suicide [20], signifi-
cant unemployment effects were obtained that 
were also in accordance with the expected gradient 
in effects sizes (the stronger the unemployment 
protection, the weaker the unemployment effect). 
Another limitation comes with the ecological char-
acter of our data that only makes it possible to 
assess the net effect of unemployment; that is, we 
cannot disentangle between deleterious effects of 
job loss and potentially beneficiary effects through 
other pathways, for example less overtime. Further, 
we do not have any data to test the alleged mecha-
nisms between unemployment and CVD, for 
example stress. Another limitation is that our data 
include predominantly affluent countries during a 
fairly prosperous historical epoch, which limits the 
generalisability of our findings.

With these caveats in mind, we conclude that our 
findings suggest that heart-disease mortality in Europe 
does not respond to changes in unemployment or GDP.
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