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Objective Cardiovascular disease (CVD) is the leading cause of death across Europe. We estimated lost earnings (productivity
losses) associated with premature mortality due to CVD, and separately for its main sub-categories of coronary heart
disease and cerebrovascular disease, across 54 country members of the European Society of Cardiology (ESC).
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Methods and
results

We used a standardized approach to estimate working years and earnings lost due to premature death resulting from
CVD across the 54 ESC member countries in 2018. Our population-based approach was based on national data on
the number of deaths, employment rates, and earnings by age group and sex. We discounted future working years and
earnings lost to present values using a 3.5% annual rate. In 2018, there were 4.4 million deaths due to CVD across the 54
countries, with 7.1 million working years lost. This represented productivity losses due to premature death of €62 billion
in 2018. Deaths due to coronary heart disease accounted for 47% (€29 billion) of all CVD costs, and cerebrovascular
disease accounted for 18% (€11 billion). Approximately 60% (€37 billion) of all productivity losses occurred in the 28
European Union member states, despite accounting for only 42% (1.8 million) of deaths and 21% (1.5 million) of working
years lost across the 54 countries.
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Conclusion Our study provides a snapshot of the economic consequences posed by premature mortality due to CVD across
54 countries in 2018. The considerable variation across countries highlights the potential gains from policies targeting
prevention and care of cardiovascular diseases.
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Key learning points
What is already known on this topic
� Cardiovascular disease is the leading cause of death in the world, with 17.9 million deaths.
� Lost earnings due to premature death were €32 billion in 2015 across the European Union.

What this study adds
� We estimate the lost earnings due to CVD-related premature death across 54 countries for 2018 at €62 billion. The total number of
deaths due to CVD decreased from 4.8 million in 2000 to 4.6 million in 2010 and 4.4 million in 2018.

� We found considerable variation across countries concerning the economic impact of CVD related deaths. This highlights the potential
gains from policies targeting prevention and care of cardiovascular diseases.

Introduction
Cardiovascular disease (CVD, ICD-10 I00–I99) is the leading cause of
death in the world, with 17.9 million deaths in 2019.1 CVD is the main
source of years of life lost worldwide, accounting for 354.8 million
years of life lost in 2019.2 The most common CVDs are coronary
heart disease (CHD, ICD-10 I20–I25) and cerebrovascular disease
(ICD-10 I60–I69), which were responsible for ∼50 and 35% of all
CVD deaths, respectively.1

As well as the human costs of such deaths, early death due to
CVD will negatively impact the workforce, and so the wider economy
and society. Estimating the lost earnings (productivity losses) due to
premature mortality provides an important societal perspective on
the economic impact of CVD. Productivity losses consist of earnings
associated with paid work that are lost if someone dies before their
retirement age. Expected future earnings are assumed to reflect the
individual’s potential contribution to the economy.3 Estimating pro-
ductivity costs is essential for policymakers who need to be aware of
the societal impact of their decisions, since costs falling outside the
healthcare budget can be considered equally important as those falling
on the healthcare budget.
In our previous work, we estimated productivity losses due to

CVD-related premature mortality for the European Union (EU) to
be €24 billion in 2003 and €32 billion in 2015,4,5 after adjustments for
employment rates and discounting. However, this work was restricted
to the relatively affluent countries of the EU. These countries have
advanced healthcare systems and often relatively low incidence of
CVD, when compared with the rest of the world.
Our study aimed to update and enhance our estimates of the

economic impact of CVD premature mortality to society. First, we
estimated the number of working years lost and productivity losses
in 2018 for countries with a European Society of Cardiology (ESC)
affiliated national cardiac society. Second, we broke down productivity
losses in EU and non-EU countries and examined variations across
countries. Finally, we examined trends in CVD deaths between 2000
and 2018.

Methods
Analysis framework and data sources
We conducted a population-based cost analysis to evaluate produc-
tivity losses from premature death due to CVD. Although the ESC
includes 57 National Cardiac Societies, we excluded countries with a
population of <50000 (San Marino), countries that are not members
of the United Nations (Kosovo), and those with considerable political
instability and conflict (Libya and Syria) in order to ensure reliability

and validity of data. We adopted the same methodological framework
for each of the 54 countries under study (28 EU member states as
of 2018, and 26 non-EU member countries; see Supplementary ma-
terial online, Table S1 for the full list). This is the same approach
used in other cost-of-illness studies evaluating CVD,4,5 cancer,6–8 blood
disorders,9 and dementia.10

We used the human capital approach to measure and value lost
productivity due to premature mortality.3 This approach assumes that
economic capital can be measured by an individual’s ability to participate
in paid employment. Within this framework, losses can be quantified by
measuring the number of years by which working life is reduced due to
mortality. Working years are valued using achievable gross earnings as
a representation of the value of work to society. These costs are then
adjusted for the proportion of the population who are employed.

Country-specific productivity losses from premature death were esti-
mated by calculating the sum of the age- and sex-specific products of the
following (see Supplementary material online, Table S2 for full references):

� number of CVD-related deaths;
� number of remaining work years at the time of death;
� annual gross earnings;
� economic activity and unemployment rates in the population (aged 15–

79).

Working years left at the time of death were estimated as the
number of years up to age 79. The most frequent retirement age
across EU and OECD countries is 65 years (https://www.etk.fi/en/
work-and-pensions-abroad/international-comparisons/retirement-ages/
& https://www.oecd-ilibrary.org/sites/99acb105-en/index.html?itemId=
/content/component/99acb105-en), but there are a significant number of
individuals working up to age 79.11 The number of working years left at
the time of death was adjusted by the likelihood of individuals in each
age group (5-year age bands from 15 to 79 years old) being economically
active and employed. In Supplementary material online, Table S3, we
report mean annual gross earnings by sex. (Note that we used age- and
sex-specific earnings in our analysis.) Future earnings lost were discounted
to present values using a 3.5% annual rate.4–10 All costs were expressed
in 2018 prices and converted to euros where applicable.11,12

Finally, we examined the trends in all-cause and CVD-related mortality
in the 54 ESC countries between 2000 and 2018 across all ages and for 15–
64-year-olds. We estimated the proportion of CVD deaths of all deaths
across all ages and for the 15–64-year-olds. Supplementary material online,
Table S4 lists the data sources of mortality data by country and year.

Patient and public involvement
Patients were not involved in our study as it comprised the analysis of
secondary data.
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Statistical analysis
Costs in 2018 were estimated individually by country, by country group-
ings (e.g. EU member or not, by World Bank income group—low income,
lower middle income, upper middle income and high income), and in total
across all ESC countries. We also estimated costs per capita, dividing total
costs by the population of each country.11 As a sensitivity analysis and
to facilitate comparisons across countries, we employed the purchasing
power parity (PPP) method to adjust annual gross earnings.12 The PPP
method allowed us to account for price differentials across countries. This
was done by first converting costs in local currency into 2018 international
dollars (Int$, an international dollar buys in each country a comparable
amount of goods and services that US dollar buys in the USA) and then
to PPP-adjusted euros (applying the EU-28 to US PPP index in 2018, i.e.
1.44749).

To explore variations in CVD-related productivity losses between
countries in 2018, we undertook a series of ordinary least-squares (OLS)
regression analyses (with robust SE) using CVD-related productivity losses
per capita adjusted for price differentials (PPP adjusted). We explored the
association between productivity losses and national income [gross do-
mestic product (GDP)—per capita], proportion of GDP expenditure on
healthcare, proportion of healthcare expenditure that was out-of-pocket
expenditure, hospital beds per 1000 persons, and CVD incidence (crude
rate per capita) in univariable and multivariable analyses.2 Diagnostic tests
were performed for functional form (RESET test and link test). An ex-
planatory variable was considered significant if its P value was less than
0.05. All regression analyses were performed using Stata version 15.0.

Results
Productivity losses due to CVD in 54 ESC
member countries
As a whole, for the 54 ESC member countries under analysis, CVD
accounted for 4.4 million deaths, 7.1 million working years lost, and
€61.6 billion in productivity losses in 2018 (see Tables 1 and 2). The
average lost earnings per capita across the 54 countries were €57
(median €56, interquartile range 38–85), varying from €6 in Algeria
to €133 in Switzerland. Approximately 60% (€37 billion) of all pro-
ductivity losses occurred in EU-28 countries, but these accounted for
only 42% (1.8 million) of deaths and 21% (1.5 million) of working years
lost across all 54 countries.

Productivity losses due to CVD in EU-28
in 2018
CVD accounted for 1.8 million deaths in the EU in 2018, representing
1.5 million potential years of work lost, which were estimated at €37.1
billion (see Table 1). In terms of deaths per 1000 citizens, the average
was 3.6 and varied from 1.8 in Belgium and Ireland to 10.2 in Bulgaria.
In terms of working years lost per 1000 citizens, the average was 2.9
and varied from 0.8 in Belgium to 11.0 in Latvia. Averaged across EU-
28 population, this corresponded to €72 in lost earnings per capita,
varying from €34 in Belgium to €115 in Latvia. Adjusting for price
differentials, the range of costs increased across the EU-28 from €32
in Belgium to €167 in Latvia (see Figure 1A and Supplementary material
online, Table S5).
The main cause of CVD death was CHD, accounting for 34% (0.6

million deaths) of all deaths, followed by cerebrovascular diseases with
22% (0.4 million deaths). In terms of productivity losses, CHD and
cerebrovascular disease accounted for 43% (€16.1 billion, €31 per
capita) and 17% (€6.3 billion, €12 per capita), respectively, of all CVD-
related losses. However, there was considerable variation across these
countries in the proportion of losses due to CHD and cerebrovascular
diseases. The proportion of losses attributable to CHD varied from
23% in Bulgaria to 63% in Cyprus. For cerebrovascular diseases, the

proportion of total losses varied from 11% in Luxembourg to 27% in
Portugal.

Productivity losses due to CVD in ESC
member countries not part of the EU
CVD accounted for 2.6 million deaths in the remaining 26 ESC coun-
tries, representing 5.6 million potential years of work lost (see Table 2).
CVD cost €24.5 billion in lost earnings, after adjusting for employment
rates and discounted to present values. In terms of deaths per 1000
citizens, the average was 4.5 and varied from 1.3 in Israel to 10.1 in
Ukraine. In terms of working years lost per 1000 citizens, the average
was 9.8 and varied from 1.7 in Norway to 30.3 in Georgia. This
corresponded to €43 in lost earnings per capita in these countries,
varying from €6 in Algeria to €133 in Switzerland. Adjusting for
price differentials, the range of productivity losses increased across
countries from €14 per capita in Algeria to €247 per capita in Georgia
(see Figure 1B). Using income categories from the World Bank, there
was still considerable variation across countries in the same income
group (see Supplementary material online, Table S5).
The main cause of CVD death was CHD, accounting for 60% of

all deaths, followed by cerebrovascular diseases with 26%. In terms
of productivity losses, CHD and cerebrovascular disease accounted
for 52% (€12.7 billion, €22 per capita) and 20% (€4.9 billion, €9 per
capita), respectively, of all CVD-related losses. However, there was
considerable variation across these countries in the proportion of
losses due to CHD and cerebrovascular diseases. The proportion of
losses due to CVD attributable to CHD varied from 28% in Serbia
to 83% in Lebanon. For cerebrovascular diseases, the proportion of
total losses varied from 7% in Lebanon to 34% in North Macedonia.
Supplementary material online, Tables S6 and S7 report the ranking

of countries by income category in terms of productivity losses per
capita (PPP-adjusted) due to CHD and stroke. Amongst high- income
countries, Lithuania (€71 due to CHD and €23 due to stroke) and
Latvia (€67 due to CHD and €31 due to stroke) had the highest losses
per capita, whereas Liechtenstein (€5 due to CHD and €5 due to
stroke) and Belgium (€13 due to CHD and €4 due to stroke) reported
the lowest losses for both conditions. Amongst upper-middle-income
countries, Kazakhstan reported the highest losses per capita (€93
due to CHD and €50 due to stroke), whereas Algeria reported the
lowest losses per capita (€9 due to CHD and €3 due to stroke).
Finally, amongst lower-middle-income countries, Georgia reported
the highest losses per capita (€130 due to CHD and €79 due to
stroke), whereas Tunisia reported the lowest losses per capita (€13
due to CHD and €3 due to stroke).

Associations with CVD-related
productivity losses per capita in ESC
countries
Table 3 reports the OLS results examining associations with pro-
ductivity losses (PPP adjusted) across the 54 countries. In terms of
single analysis, we found a positive significant association between
CVD-related productivity losses and incidence of CVD amongst 15–
64-year-olds (P = 0.008), with each additional case per 1000 persons
increasing CVD-related costs by €9.6 (see Supplementary material
online, Figure S2).We also found significant associations between CVD
productivity losses and healthcare expenditure as a proportion of
GDP (P = 0.031), with each additional 1% of healthcare expenditure
decreasing CVD-related productivity losses by €0.5 (see Supplemen-
tary material online, Figure S3). However, we found no association
between CVD-related productivity losses and CVD incidence and
healthcare expenditure in the multivariable analysis.
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Figure 1 Productivity losses due to CVD premature mortality per capita in 2018. (A) EU countries. (B) Non-EU countries.
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Table 3 Marginal effects (ME) on productivity losses due to CVD premature death

Dependent variable CVD cost per capita (€, adjusted for PPP)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Type of analysis Single Multivariable
Variables ME (95% CI) ME (95% CI)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1 additional hospital bed per 1000 persons 5.47 (−0.22 to 11.17) 2.41 (−4.86 to 9.68)
1 additional CVD case (incident) per 1000 persons 9.62 (2.69 to 16.54) 7.86 (−1.06 to 16.78)
€1000 increase in GPD per capita −0.18 (−0.39 to 0.03) 0.16 (−0.30 to 0.62)
1% increase in healthcare expenditure out of GDP −6.37 (−12.16 to −0.59) −5.75 (−12.24 to 0.74)
1% increase in out-of-pocket expenditure out of healthcare expenditure 0.27 (−0.44 to 0.99) −0.03 (−0.94 to 0.88)

Marginal effects measure how much CVD costs per capita change when a specific variable changes, holding all other variables constant.

CVD deaths between 2000 and 2018
The total number of deaths due to CVD decreased from 4.8 million
in 2000 to 4.6 million in 2010 and 4.4 million in 2018 (see Figure 2 and
Supplementary material online, Tables S8 and S10). Over the same
time period, there was a significant increase in the number of deaths
due to all causes, from 10.0 million in 2000 to 10.3 million in 2018.
Hence, the proportion of all deaths due to CVD fell from 48% in 2000
to 46% in 2010 and 43% in 2018.
About 20% of all CVD deaths in 2000 occurred between 15 and

64 years of age, falling to 18% between 2015 and 2018. Among 15–
64-year-olds, CVD accounted for 33% of all deaths in 2000, 33% in
2010 and 32% in 2018. However, there was considerable variation
across countries over time (see Supplementary material online, Tables
S9 and S11 and Figure S1). For example, five countries (Azerbaijan,
Bulgaria, Egypt, Morocco, and Uzbekistan) reported the proportion
of all deaths due to CVD above 40% in 2018, whereas France and
Israel reported the lowest proportion at 13% and 12%, respectively.

Discussion
Across 54 ESC member countries, we estimated the total lost earn-
ings due to CVD-related premature mortality to be €62 billion a year
in 2018, of which 60% were incurred in 28 EU member countries.
The higher the proportion of healthcare expenditure, the lower the
productivity losses per capita, holding all else constant. The higher
the incidence of CVD, the higher the productivity losses per capita,
holding all else constant. However, these associations do not imply
causality and lost significance in multivariable analysis.
For the first time, this study assesses the mortality losses associ-

ated with CVD, CHD, and cerebrovascular disease across the whole
of Europe, including countries in the European periphery, including
Northern Africa, the Middle East, and former Soviet Republics in Asia.
Furthermore, we were able to compare our results with previous
work in which we estimated the productivity losses due to CVD
mortality for the EU in earlier years. In 2003, we estimated these
losses to be €24 billion for the 25 countries forming the EU at the
time.4 These costs rose to €27 billion in 2009 (27 EU countries)13

and to €32 billion in 2015 (28 EU countries).5 In our current analysis,
we estimated total productivity losses due to CVD mortality to be
€37 billion for 2018. The increase in costs is explained by changes
in employment rates and increase in average earnings from 2009 to
2018. For example, in 2018 prices, the productivity losses in 2015
were estimated at €34 billion compared with €37 billion in 2018
despite a decrease of about 75000 CVD-related deaths. However,
the number of potential years of work lost was similar in both years
(1.5 million) due to an increase in employment rates since 2015.

By using the same methodology to estimate the cost of CVD over
time, it is possible to reliably compare the impact of CVD mortality
on lost earnings over time. This comparative evidence is useful to
decision-makers and health policy planners by informing evaluations
of the impact of public health interventions, for example, in evaluating
the societal benefits of addressing CVD risk factors.
The accuracy of our study depends on the quality and availability of

comparable CVD-related data across countries. Our study included
54 countries, for each of which we required the identification of
comparable data on mortality, earnings, and employment rates by
sex and age group. This required consulting and using a wide range
of sources to conduct comprehensive analyses. Importantly, data on
deaths due to CVD, CHD, and cerebrovascular disease were derived
from two main sources: EUROSTAT for EU member states or those
with close links to the EU; and the Global Burden of Disease for the
remainder. As a result, some of the differences identified between
mainly relatively wealthy Western European countries and non-EU
countries in Eastern Europe, the Middle East, and North Africa could
be due to differing methodologies on how disease-specific deaths
were calculated. Given the large numbers of countries included in
this study, and the fact that for EU countries comparisons can be
made to over 15 years of previous data, these results are important
to policy-makers. Data on costs of CVD premature mortality can aid
decisions about the allocation of national resources, including service
provision, prevention strategies, and future research funding. They
allow for benchmarks to be set up across the over 50 countries under
study in order to identify the most efficient public policy initiatives and
healthcare systems capable of achieving the best CVD outcomes.
We used the human capital approach to estimate productivity

losses, as it is fairly transparent and can be quantified using available
data, and is consistent with and permits comparisons with previous
work on CVD and other conditions such as cancer, blood disorders,
and dementia.4–10 However, it does have limitations, for example, by
failing to value many socially valuable activities that are not remuner-
ated as formal employment, such as much housework, caring, and
volunteer activities. Alternative methods of valuing lives and life years,
such as willingness to pay, have been proposed and discussed, but
there is little consensus at present on which approach is best or on
how these might be readily operationalized using existing data.14,15

Furthermore, our estimates comprise productivity losses due to
CVDmortality alone. This does not comprise CVD-related morbidity
losses, which are likely to be significant in terms of individuals being
declared incapacitated or disabled because of CVD or taking sickness
leave for a defined time period.
Our study provides a snapshot of the economic consequences

outside the healthcare system posed by CVD in terms of lost earnings
to 54 ESC member countries in 2018. Together with the evidence
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Figure 2 Deaths due to all causes (white bar) and CVD (grey bar) in EU-27 and the UK between 2000 and 2018. Black line represents proportion
of all-cause deaths due to CVD. (A) All ages. (B) 15–64-year- olds.

we have gathered over the last 15 years, it indicates that these costs
are increasing over time, despite the decrease in CVD mortality.
Comparative results across time and countries are important for
policymakers to track the effect of public health interventions and
treatments with the objective of contributing to maximizing social
welfare in their countries.

Supplementary material
Supplementary material is available at European Heart Journal—
Quality of Care and Clinical Outcomes online.
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