
AT WHAT COST
THE ECONOMIC IMPACT 
OF STROKE IN EUROPE



Research Authors

Ramon Luengo-Fernandez, Paolo Candio, Mara Violato, 
Jose Leal 
Health Economics Research Centre, Nuffield Department 
of Population Health, University of Oxford. 

Editors Joe Korner, Gary Randall, Sandra Jackson



AT WHAT COST – The Economic Impact of Stroke in Europe

CONTENTS
FOREWARD �������������������������������������������������������������������������������������������������������1

INTRODUCTION������������������������������������������������������������������������������������������������3

HOW MUCH DOES STROKE COST NOW?���������������������������������������������������� 9

INVESTING IN STROKE CARE: ECONOMIC IMPACT�������������������������������� 50

AUTHORS’ DISCUSSION �������������������������������������������������������������������������������97

SAFE’S CONCLUSION����������������������������������������������������������������������������������107

REFERENCES������������������������������������������������������������������������������������������������109



AT WHAT COST – The Economic Impact of Stroke in Europe

1

FOREWARD 

1 https://www.who.int/publications/i/item/WHO-2019-nCoV-EHS_continuity-survey-2020.1
2 https://eso-stroke.org/stroke-still-matters/

Since the research contained in this report was carried out, the world 
has been transformed by the COVID-19 pandemic. Across Europe it has 
impacted on every aspect of life and has, understandably diverted attention 
from other pressing health issues, such as stroke. 

At the height of the pandemic all attention was focussed on preventing 
the spread of the virus and treating those infected. A recent World Health 
Organization survey1 highlighted the impact of the pandemic on the disruption 
of services and predicted an increase in mortality and morbidity from causes 
other that COVID-19.

“
COVID-19 should be a lesson to all countries that health is not 
an ‘either or’ equation. We must better prepare for emergencies 
but also keep investing in health systems that fully respond to 
people’s needs throughout the life course.” 

Dr Tedros Adhanom Ghebreyesus

Hanne Christensen of the University of Copenhagen and Francesca 
Romana Pezzella of the San Camillo Forlanini Hospital in Rome, wrote in 
the European Stroke Organisation’s blog 2 at the end of March 2020, 

“ Before the pandemic, during and after, stroke remains. Stroke is a 
serious sometimes lethal, sometimes ‘just’ life-changing condition, 
which can be prevented and treated. Stroke is an old threat that 
we have always lived with – but what is new is that we have the 
means to fight it.”

Many stroke support organisations throughout Europe have reported that 
an immediate impact of the pandemic was a reluctance of people to report 
their stroke symptoms, or to attend already over-burdened hospitals. Some 
reported that dedicated stroke units were used to treat other patients at the 
height of the pandemic, that stroke patients were discharged early, without 
appropriate support and that outpatient visits and much rehabilitation were 
halted. In some places stroke audits were halted and stroke clinicians were 
concerned that both the momentum to improve stroke care and its priority, 
may be permanently diminished. 

https://www.who.int/publications/i/item/WHO
https://eso-stroke.org/stroke
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At the time of writing, it is not clear what the causes of non-COVID-19 excess 
deaths are, but it seems likely that stroke mortality rates have been affected.

It is vital that the urgent need to improve stroke prevention and care is not 
forgotten as in addition to the impact on stroke care, it appears from several 
research papers that COVID-19 is associated with an increased risk of 
stroke3.

In 2017, the European Stroke Organisation and SAFE collaborated to 
produce the Stroke Action Plan for Europe 2018-20304, and, together, 
launched SAFE’s Burden of Stroke in Europe report5. With the addition of 
this report, we now have a comprehensive understanding of the extent and 
impact of stroke across Europe and, crucially, a blueprint to transform stroke 
service provision.

So it is vital that this important groundwork is not undermined by the 
COVID-19 crisis.

The projections in this report of the future cost of stroke should be a wake-up 
call to health planners and officials across Europe. And the research into the 
benefits and costs of new treatments demonstrates that actively pursuing the 
latest, sometimes seemingly expensive interventions, can improve outcomes 
and, in some instances, save substantial amounts of money. 

The response to the pandemic has shown that very rapid system change 
and adaptation is possible across a variety of different health systems. This 
should hearten all of us who work to transform stroke care – and this report 
provides more evidence for why it is now time to do so.

3 Risk of Ischemic Stroke in Patients with Coronavirus Disease 2019 (COVID-19) vs Patients 
With Influenza. JAMA Neurol. Published online July 2, 2020. DOI:10.1001/jamaneurol.2020.2730, 
Large-Vessel Stroke as a Presenting Feature of Covid-19 in the Young. New England Journal 
of Medicine April 28, 2020. N Engl J Med 2020; 382:e60, DOI: 10.1056/NEJMc2009787).
4 Stroke Action Plan for Europe 2018-2030, https://www.safestroke.eu/stroke-action-plan
5 The Burden of Stroke in Europe report, May 2017 https://www.safestroke.eu/burden-of-stroke

Jon Barrick
SAFE President,

http://10.1056/NEJMc
https://www.safestroke.eu/stroke
https://www.safestroke.eu/burden
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INTRODUCTION

6 The Burden of Stroke in Europe report, May 2017 https://www.safestroke.eu/burden-of-stroke

In 2017, SAFE published the Burden of Stroke in Europe report6 which 
revealed the extent of stroke across the continent and the disparities in 
provision for stroke between regions and countries. In this report we build on 
that research, to provide, for the first time, a picture of the economic burden 
of stroke in 2017, and also over the next 20 years. We then look at three 
interventions which are in the latest stroke guidelines from the European 
Stroke Organisation. We estimate the impact they have on the costs of stroke 
and on the number of years of life in good health that they save.

The research provides details on the costs of different parts of the stroke 
care pathway, the costs of informal care and the productivity losses due to 
disability or death from stroke for all of the countries of the European Union 
(EU), plus Iceland, Israel, Norway, Switzerland and the United Kingdom 
(UK). A lack of comparable data prevented us from including other European 
countries. 

To the best of our knowledge, this is the first study to quantify the current 
and future projected costs of stroke and identify the impact of investing 
in promising cost-effective interventions to prevent, treat and help stroke 
patients in their rehabilitation across 32 European countries. We believe that 
our study will be of use to policy makers when assessing whether to make 
substantial cost commitments in stroke care. 

The total cost of stroke in these 32 countries was €60 billion in 2017: 

€27 BILLION  on healthcare

€5 BILLION on social care (nursing 
or residential care)

€16 BILLION
on the informal, unpaid 
care provided to millions of 
stroke survivors by loved 
ones across Europe

€12 BILLION
are attributed to lost productivity 
due to deaths and disability from 
stroke of people of working age

https://www.safestroke.eu/burden
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These figures are almost certainly an underestimate. For example, we did 
not include social care costs such as wheels on meal provisions, social work 
support, or adaptations and home help costs because this data is simply 
not available.

The research reveals big disparities in costs between countries. For instance, 
while the European average costs of hospital care were 60% of the total 
healthcare costs – it made up 86% of Switzerland’s stroke related healthcare 
costs but just 11% of Cyprus’s. This disparity, which mirrors the findings about 
stroke care from the Burden of Stroke in Europe report, has implications for 
planning and developing improved stroke services over the coming years 
and decades. The priorities for investing in improved stroke prevention and 
care may be different for each country.

Our research shows marked differences between the wealthy and less 
wealthy countries of Europe. Just five countries (Germany, the UK, France, 
Italy and Spain - the top five in terms of population) accounted for 71% of 
all stroke-related health care expenditure in Europe. Yet the less wealthy 
countries spent, on average, a much bigger proportion of their healthcare 
budgets on stroke. As a proportion of the countries’ overall health expenditure, 
the European average was 1.7%. However, less wealthier countries such 
as Hungary spent 3.42% and Estonia spent 4.34%. This contrasts with the 
wealthier countries - Denmark spends 0.58% of its health budget on stroke 
and Switzerland spends 0.75%. 

Across Europe, we will see decreasing birth rates, an ageing population, 
and, for many countries, a reduction in the total population, particularly of 
working age. Therefore, the number of people having, living with and dying 
from stroke will be very likely to increase, and with it, the economic costs 
associated with stroke. 
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The number of people of working age is projected to fall between 2017 and 
2040. As a result, the costs of lost productivity due to deaths and disability 
are set to go down by €200,000 by 2040 – a 4% reduction due to deaths 
and 1% reduction due to disability.

Nevertheless, the number of people aged 65 or over is projected to increase 
by 45% and the number age 85 or over by 89%. As a result, the projected 
number of people living with stroke will increase by 35% (from nine million 
in 2017 to 12 million in 2040). 

We estimate the costs of stroke will increase from €60 billion in 2017 to €75 
billion in 2030, €80 billion in 2035 and €86 billion in 2040. This means that, 
in just 13 years, the costs of stroke are projected to increase by 26%, and 
by 44% in 23 years’ time. 

The graph below shows the increases in total stroke costs between 2017 
and 2040 across Europe.
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The rising costs of stroke will put strain on already stretched health and social 
care budgets. European countries need to invest in stroke interventions 
that are cost-effective not just to improve outcomes for people who 
have a stroke, but also to halt this increase in costs and overall burden. 

Our study evaluated investments in three different interventions across the 
stroke pathway:

•	prevention - to reduce the likelihood of people suffering a stroke 
in the first place; 

•	acute treatment in order to minimise stroke damage to the brain 
and reduce the likelihood of disability; 

•	rehabilitation to improve the quality of life of stroke survivors.

We looked at:

•	routinely treating people who have atrial fibrillation (an uneven 
heartbeat) with either warfarin or new anticoagulant therapies;

•	using mechanical thrombectomy (removing blood clots from the 
brain) to acutely treat people with ischaemic stroke;

•	providing rehabilitation in a community setting once stroke patients 
were discharged from hospital.

All three interventions were shown to be cost effective and very good value 
for money at the European level. All of them would increase the number 
of extra years of good health across the population (known as the quality-
adjusted life expectancy). And treating atrial fibrillation with warfarin, having 
mechanical thrombectomy routinely available, and providing community-
based rehabilitation would all make cost savings. The new oral anticoagulants 
increase quality-adjusted life expectancy and are cost effective, but they are 
also more expensive.

The costs of stroke in the 32 countries we studied will by 44% between 2017 
and 2040, with some countries seeing rises in stroke-related costs of nearly 
100%. Policy makers and health planners need to act. Health and social 
care systems need to be improved and the increasing burden on informal 
carers (who will have to take even greater responsibility for the care of stroke 
survivors), needs to be acknowledged and acted upon. European countries 
need to put interventions and policies in place to try and mitigate these cost 
increases, whilst also maximising the health outcomes and quality of life for 
stroke survivors. 
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RECOMMENDATIONS

7 OECD/EU (2018), Health at a Glance: Europe 2018: State of Health in the EU Cycle, 
OECD Publishing, Paris.https://doi.org/10.1787/health_glance_eur-2018-en
8 Stroke Action Plan for Europe 2018-2030, https://www.safestroke.eu/stroke-action-plan

SAFE believes that all countries studied in this report should urgently 
recognise the increasing economic burden that stroke will have on their 
health and social care budgets and services over the next twenty years. We 
urge all countries to take immediate steps to reduce this burden. We also 
feel strongly that the EU must use these findings to prioritise stroke.

This report provides evidence that cost savings can be made by providing 
better treatment and care for stroke patients. The Organisation for Economic 
Co-operation and Development (OECD) and the European Commission 
recently published Health at a Glance: Europe“7 which presents comparative 
analyses of the health status of EU citizens and the performance of the 
health systems of the 28 EU member states, five candidate countries and 
three European Trade Association countries. It highlighted that reducing 
wasteful spending and make health systems more effective and resilient is 
a key priority. 

In addition, in 2019, the European Commission published its proposals 
for country specific recommendations as part of the EU’s yearly European 
semester cycle, which monitors the EU member states’ economic and fiscal 
progress. Seventeen countries were tasked with making improvements, 
including investing in their healthcare systems and making their healthcare 
system more cost-effective. 

We call upon all individual countries to take the following actions:

•	Adopt and implement a national stroke plan, including the 
recommendations of the Stroke Action Plan for Europe8, and clear 
cost-effectiveness framework so that they can properly evaluate 
their expenditure decisions thus making stroke a national political 
priority with aligned ambitions and countries pledging themselves 
to commonly agreed goals

•	Invest in stroke prevention, service provision and research in line 
with the recommendations in the Stroke Action Plan for Europe8. 
In addition, the evidence in this report demonstrated that the three 
investigated interventions are at the least cost effective and in 
most cases would save money. 

http://Paris.https
http://doi.org/10.1787/health
https://www.safestroke.eu/stroke
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•	We call on all of the countries studied to:

◦◦ routinely treat patients with known atrial fibrillation with 
warfarin or the new anticoagulant therapies;

◦◦ acutely treat non-minor ischaemic stroke patients with 
mechanical thrombectomy;

◦◦ provide rehabilitation in a community setting once stroke 
patients are discharged from hospital.

•	Accurately collect comparable, data in order to help in 
understanding the impact of public health interventions, social 
care and provision for people living with stroke.

In addition, as an Alliance, we call for:

•	members of the European Parliament to adopt a Resolution calling 
on Member states to implement the recommendations of the 
Stroke Action Plan for Europe8 and, together with the European 
Commission, should approve a pilot project to support the 
international implementation of the Stroke Action Plan for Europe, 
as outlined by the Stroke Alliance for Europe and European Stroke 
Organisation in 2018.

•	DG SANTE should support the creation of a stroke-specific 
subgroup in the Steering Group on Health Promotion, Disease 
Prevention and Management of non-communicable diseases, and 
help facilitate discussions about creating national plans for stroke, 
encompassing the entire chain of care from primary prevention 
through to life after stroke, in order to better manage and reduce 
the societal and economic burden of stroke in Europe. 

•	The European Commission must include research into stroke 
as a key priority in Horizon Europe, the research and innovation 
programme which will succeed Horizon 2020.

SAFE also commits to seek funding to carry out further research so that we 
have a better understanding of the reasons for the differences in the costs 
of stroke between countries and to provide further evidence to why, across 
Europe we need to increase disease prevention and improve access to care.
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HOW MUCH DOES 
STROKE COST NOW?
The research in this report covers the 27 countries in the EU plus Iceland, 
Israel, Norway, Switzerland and the UK and provides the costs of stroke for 
the year 2017.

Where did we get the data and what did we measure?

We started by looking at the data on: 

•	the number of strokes and the number of people who die as a 
result of their stroke;

•	hospital admissions for stroke;

•	disease related costs;

•	other health related indicators.

Among the sources consulted were the World Health Organization (WHO), 
the OECD, the Statistical Office of the European Communities (EUROSTAT), 
the World Bank Group, national ministries of health, national statistical 
institutes, and large cohort studies. Where there was little data on a particular 
country, projections based on similar countries (including health care costs, 
life expectancy and geography) were used. The framework used was based 
upon similar work carried out on cardiovascular diseases (CVD), cancer, 
blood disorders and dementia. 

We looked at the health costs and the costs to society per year in following 
categories: 

•	Health costs: primary care, accident and emergency (A&E) care, 
hospital inpatient care (including day cases), outpatient care and 
medications;

•	Social care costs: nursing and residential care homes but not 
things like home care, provision of meals, and social carer visits 
because of the lack of data about these areas of provision;

•	The costs of “informal” care (most often provided by loved ones): 
the informal care costs of people who were severely affected 
by stroke or who were terminally ill, using country-specific data 
from the Global Burden of Disease1 and data from the Survey of 
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Health, Ageing and Retirement in Europe (SHARE)2 to assess 
the informal care needs of stroke patients;

•	The impact of stroke on productivity: the costs of stroke survivors 
having to take sickness leave from work; being too disabled to 
get employment; or dying from their stroke at an employable age.

OUR METHODOLOGY IN DETAIL
A cost of illness analysis involves the identification, measurement and 
valuing of all resources related to a specific illness. The perspective of the 
analysis is fundamental in determining which resources should be 
considered, and how they should be measured and valued. A health service 
perspective, for instance, would only consider costs imposed on hospitals 
and other healthcare providers. A societal perspective enables a wider 
analysis, in which all costs are considered, irrespective of who bears them 
or where they are incurred. Such a perspective not only includes healthcare 
costs but also those costs falling outside the healthcare sector, such as 
social care, the opportunity costs associated with unpaid (i.e. informal) care 
to stroke patients, or productivity losses associated with premature death 
or morbidity. For this analysis, a societal perspective was adopted.

All costs due to stroke within the most recent year for which data were 
available were measured, regardless of the time of disease onset. We have 
used 2017 prices, and if necessary adjusted using the health consumer 
price indices of each country.3 Where applicable, all national currencies 
were converted to Euros using 2017 exchange rates.3
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A top down approach was employed to calculate the total expenditure due 
to stroke across 32 European countries. This approach used aggregate 
data on morbidity, mortality, hospital admissions, disease related costs, and 
other health-related indicators. An advantage of using this approach was the 
readily availability of international and national aggregate data. 

A variety of international and national sources of epidemiological and 
healthcare utilisation data on and stroke were used including the WHO, 
the OECD, EUROSTAT, the World Bank Group, national ministries of 
health, national statistical institutes and large cohort studies. International 
data were used in preference to national data whenever available, as the 
former enable cross-country comparisons and are less prone to potential 
methodological biases. When relevant data could not be obtained from 
national or international sources, peer-reviewed articles or national reports 
from governmental or professional bodies were consulted. If no data were 
found for a particular country, extrapolations of resource use and unit costs 
were performed from similar countries. A country was judged to be similar 
if it had similar healthcare expenditure per person, life expectancy and 
geographical location.

The framework used to estimate healthcare and non-healthcare costs was 
similar to the approach by Leal et al. (2006),4 Luengo-Fernandez (2011),5 
Luengo-Fernandez (2013),6 Leal et al. (2016),7 and Burns et al.(2016)8 to 
estimate the economic burden of CVD, cancer and dementia in the EU. 

HEALTHCARE COSTS
Stroke healthcare included:

•	primary care; 

•	accident and emergency care;

•	hospital inpatient care (including day cases); 

•	outpatient care;

•	medications.

Other categories of health provision (such as school/community-based 
prevention and health education activities, and out-of-pocket expenses 
incurred by patients in purchasing over the counter medications, aids, 
home modifications) were not included in the study due to the difficulties of 
identifying them in the majority of countries. They are likely to represent a 
small proportion of the total costs identified. 
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To account for private spending on healthcare, in countries where only 
public resource use was found, cost estimates were inflated using the total 
proportion of private spending on healthcare.3

Primary care activities consisted of stroke-related visits to or from general 
practitioners (GPs). Outpatient care comprised specialist consultations 
taking place in outpatient wards, clinics, or patients’ homes due to stroke. 
A&E consisted of all stroke-related hospital emergency visits. 

To work out the amount of expenditure related to stroke we started with 
country specific visits (Table 1). In four countries (Iceland, Israel, Luxembourg, 
Slovenia) we found no data on A&E activity. As a result, we used the total 
per capita A&E visits from similar countries. 

Therefore, for:

1.	Iceland we used 
estimates from Denmark;9 

2.	Israel we used estimates 
from Greece;10 

3.	Luxembourg we used 
estimates from Belgium;11

4.	Slovenia we used 
estimates from Croatia.12

Table 1. Sources of healthcare resource use by category and country*

PRIMARY 
CARE

OUTPATIENT 
CARE A&E

INPATIENT 
CARE

AUSTRIA 3 3 13 3
BELGIUM 14 11 11 3
BULGARIA 3 3 15 3
CROATIA 12 12 12 3
CYPRUS 16 16 16 3
CZECH REPUBLIC 17 18 19 3
DENMARK 20 21 9 3
ESTONIA 22 22 22 3
FINLAND 23 23 23 3
FRANCE 24 24 25 3
GERMANY 3 3 10 3
GREECE 26 26 10 3
HUNGARY 27 28 29 3
ICELAND 30 31 9 3
IRELAND 3 3 32 3
ISRAEL 33 33 10 34
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PRIMARY 
CARE

OUTPATIENT 
CARE A&E

INPATIENT 
CARE

ITALY 3 3 35 3
LATVIA 36 36 37 3
LITHUANIA 38 38 39 3
LUXEMBOURG 40 40 11 3
MALTA 41 41 41 3
NETHERLANDS 42 42 43 3
NORWAY 44 45 46 3
POLAND 47 47 47 3
PORTUGAL 3 48 48 3
ROMANIA 49 49 50 3
SLOVAKIA 51 51 51 3
SLOVENIA 52 52 12 3
SPAIN 53 54 54 3
SWEDEN 55 55 56 3
SWITZERLAND 57 57 58 59 3
UK 60 61 62-65 62 66-68 3

*For this and following tables, source numbers refer to References given at the end of this report

We needed to divide the overall population by age because one of the 
most important sources of data, SHARE, is about people over 50.2 So we 
determined the proportion of these visits for people over 50 using, where 
possible, the country specific data already obtained or EUROSTAT,3 which 
contained self-reported number of primary and outpatient care visits by age. 
For A&E, when visits were not reported by age group, we used the proportion 
of all hospital discharges for those aged over 50 years or more.3

To obtain the proportion of primary, outpatient and A&E visits due to stroke in 
those under the age of 50, we estimated for that age group the proportion of 
overall hospital discharges due to stroke,3 and applied it to the total number 
of visits for those under the age of 50. 

SHARE is a multidisciplinary and cross-national panel database of micro 
data on health, socio-economic status and social and family networks, freely 
available to researchers, in which all data are collected via face-to-face, 
computer-aided personal interviews, supplemented by self-completion paper 
and pencil questionnaires (Table 2). The SHARE target population consists 
of all persons aged 50 years and over who have their regular domicile in the 
respective SHARE country.



AT WHAT COST – The Economic Impact of Stroke in Europe

14

We used data collected in Wave 2, Wave 4 and Wave 6 which included over 
30,000 respondents resident in 21 European countries (Austria, Belgium, 
Croatia, the Czech Republic, Denmark, Estonia, France, Germany, Greece, 
Hungary, Ireland, Italy, Israel, Luxembourg, the Netherlands, Poland, 
Portugal, Slovenia, Spain, Sweden and Switzerland). Residents from Ireland 
and Hungary were only included in Waves 2 and 4 respectively, and the 
data collected in these two waves were combined with Wave 6 data on the 
remaining 19 countries. For countries not in SHARE, we combined data 
from similar countries that were in SHARE to obtain estimates for the 11 
remaining countries. Therefore, for Bulgaria, Latvia, Lithuania, Romania, 
and Slovakia we used combined data from the Czech Republic, Estonia, 
Hungary, Poland and Slovenia. For Iceland, Finland and Norway we used 
combined data from Denmark and Sweden. For Cyprus and Malta, we used 
combined data from Greece, Italy, Israel, Portugal and Spain. Finally, for 
the UK we used combined data from Austria, Belgium, France, Germany, 
Ireland, Luxembourg, and the Netherlands.

Table 2. Waves and Field time available in SHARE survey

WAVE FIELD TIME
1 2004-2006
2 2006-2007
3 2008-2010
4 2010-2012
5 2013
6 2015
7 2017

Participants in SHARE were asked amongst other things the number of 
times they had visited a primary healthcare physician, a specialist in an 
outpatient setting or attended A&E over the last 12 months. Using three 
Poisson multivariate regressions, one for each type of resource use, we 
estimated the country-specific number of visits given the patient had a history 
of stroke, after adjusting for presence of dementia and/or other health 
conditions and country of residence. This expected number of visits was 
then multiplied with the number of people with stroke in each country in 
SHARE, and divided by the total number of visits in that country (i.e. number 
of people responding in SHARE multiplied by the mean number of visit), in 
order to obtain the proportion of primary, outpatient, and A&E visits due to 
stroke in each country (Table 3). 
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Table 3. Proportion of primary, outpatient and A&E care visits due to stroke

PRIMARY CARE OUTPATIENT CARE A&E CARE

<50 
YEARS

≥50 
YEARS <50 YEARS ≥50 YEARS

<50 
YEARS

≥50 
YEARS

AUSTRIA 2.28% 7.38% 2.28% 7.39% 2.28% 6.63%
BELGIUM 1.22% 4.36% 1.22% 4.37% 1.22% 3.94%
BULGARIA 2.92% 6.79% 2.92% 6.73% 2.92% 6.76%
CROATIA 2.26% 4.91% 2.26% 4.97% 2.26% 4.19%
CYPRUS 1.96% 4.95% 1.96% 4.89% 1.96% 4.98%
CZECH REPUBLIC 3.66% 5.03% 3.66% 5.05% 3.66% 4.86%
DENMARK 1.89% 4.59% 1.89% 4.52% 1.89% 5.37%
ESTONIA 5.16% 6.20% 5.16% 6.15% 5.16% 7.27%
FINLAND 3.06% 6.24% 3.06% 6.13% 3.06% 6.69%
FRANCE 0.91% 4.55% 0.91% 4.52% 0.91% 7.69%
GERMANY 2.97% 4.51% 2.97% 4.52% 2.97% 4.15%
GREECE 1.96% 4.71% 1.96% 4.58% 1.96% 6.96%
HUNGARY 5.66% 7.73% 5.66% 10.32% 5.66% 6.47%
ICELAND 2.35% 6.24% 2.35% 6.13% 2.35% 6.69%
IRELAND 0.65% 4.97% 0.65% 5.01% 0.65% 6.67%
ISRAEL 1.96% 6.48% 1.96% 6.48% 1.96% 6.47%
ITALY 3.89% 3.83% 3.89% 3.83% 3.89% 3.42%
LATVIA 5.16% 6.79% 5.16% 6.73% 5.16% 6.76%
LITHUANIA 5.31% 6.79% 5.31% 6.73% 5.31% 6.76%
LUXEMBOURG 1.79% 2.79% 1.79% 2.80% 3.66% 4.86%
MALTA 1.18% 4.95% 1.18% 4.89% 1.18% 4.98%
NETHERLANDS 1.83% 3.91% 1.83% 3.87% 1.83% 4.27%
NORWAY 2.32% 6.24% 2.32% 6.13% 2.32% 6.69%
POLAND 2.58% 5.35% 2.58% 5.36% 2.58% 5.90%
PORTUGAL 1.84% 6.79% 1.84% 6.69% 1.84% 7.17%
ROMANIA 2.92% 6.79% 2.92% 6.73% 2.92% 6.76%
SLOVAKIA 4.16% 6.79% 4.16% 6.73% 4.16% 6.76%
SLOVENIA 2.20% 5.75% 2.20% 5.69% 2.20% 6.89%
SPAIN 1.80% 3.21% 1.80% 3.16% 1.80% 3.80%
SWEDEN 3.32% 6.21% 3.32% 6.14% 3.32% 6.42%
SWITZERLAND 2.61% 2.67% 2.61% 2.64% 2.61% 3.07%
UK 1.13% 5.16% 1.13% 5.11% 1.13% 5.05%
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Inpatient care was estimated from the number of stroke-related days in 
hospital, including day case admissions. The number of days in hospital, 
which included day cases, was obtained for all countries by primary 
diagnosis stroke. Except for Israel, where data was derived from the 
OECD,34 all stroke-related days in hospital and day cases were obtained 
from EUROSTAT.3 

For all countries, healthcare resource use was valued using country-specific 
unit costs, which were derived from published studies, reports, and national 
fee schedules. 

Sources of unit costs per country and resource use category are reported 
in Table 4. Unit costs are reported in Table 5. For some countries, unit costs 
were derived from the predictions of linear regression analyses of the unit 
costs of countries with available data.6 7
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Table 4. Sources of unit costs by country and healthcare utilisation 
category

PRIMARY 
CARE

OUTPATIENT 
CARE A&E

INPATIENT 
CARE

AUSTRIA 13 13 69 3
BELGIUM 70 70 70 71
BULGARIA 3 3 Regression* 3
CROATIA 72 72 72 72
CYPRUS 73 73 74 75
CZECH REPUBLIC 18 18 Regression* 18
DENMARK 76 76 77 3
ESTONIA 22 22 22 22
FINLAND 78 78 78 79
FRANCE 24 24 80 3
GERMANY 81 82 81 83
GREECE 84 85 84 84
HUNGARY 28 28 29 29
ICELAND 86 86 87 86
IRELAND 88 88 88 89
ISRAEL 90 90 90 90
ITALY 81 81 81 3
LATVIA 36 36 Regression 3
LITHUANIA 91 91 81 3
LUXEMBOURG 92 92 92 3
MALTA 41 Regression 93 93
NETHERLANDS 93 93 94 93
NORWAY 95 95 95 96
POLAND 97 98 98 3
PORTUGAL 99 100 100 100
ROMANIA 101 101 Regression 3
SLOVAKIA 101 101 Regression 3
SLOVENIA 101 101 93 3
SPAIN 102 102 102 103
SWEDEN 104 56 56 56
SWITZERLAND 97 97 105 97
UK 106 107 107 107
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Table 5. Unit costs (€)

VISITS

DAY IN 
HOSPITAL

DAY IN 
NURSING 

HOME

HOURLY EARNINGS
YEARLY 

EARNINGS

DAILY 
EARNINGSGP OUTPATIENT A&E EMPLOYED

NON-
EMPLOYED MALE FEMALE

AUSTRIA 55 69 160 588 136 24 10 50,443 38,703 195

BELGIUM 28 58 91 966 74 26 9 49,717 45,237 207

BULGARIA 6 24 31 93 13 4 1 8,117 6,758 33

CROATIA 17 15 261 110 16 8 3 14,992 13,737 63

CYPRUS 15 30 51 148 70 14 7 28,508 23,155 113
CZECH 
REPUBLIC 12 16 83 261 34 8 3 16,380 12,271 63

DENMARK 21 86 139 1,540 245 35 22 71,550 56,239 280

ESTONIA 16 53 57 269 29 8 3 18,219 12,586 67

FINLAND 153 377 423 778 196 24 14 50,407 39,176 196

FRANCE 39 146 91 717 82 21 10 41,687 34,469 166

GERMANY 53 78 96 868 131 29 9 52,774 52,774 229

GREECE 20 50 72 476 53 12 4 24,769 20,527 100

HUNGARY 5 7 121 168 19 7 2 13,260 10,922 53

ICELAND 84 141 300 1,311 227 27 19 52,962 44,998 214

IRELAND 51 137 272 671 147 27 9 54,479 45,724 219

ISRAEL 12 69 200 501 112 16 7 34,456 22,548 125

ITALY 23 88 235 654 132 20 10 38,697 32,266 156

LATVIA 11 40 39 93 14 7 2 14,199 11,069 55

LITHUANIA 11 27 22 123 9 6 2 12,056 9,638 47

LUXEMBOURG 46 65 81 1,175 205 33 12 62,491 58,530 264

MALTA 39 58 97 413 176 13 4 26,211 21,937 107

NETHERLANDS 32 134 167 1,446 196 27 9 53,790 44,018 214

NORWAY 70 156 152 1,364 387 30 23 59,440 51,206 241

POLAND 6 54 24 197 99 7 3 14,430 12,032 58

PORTUGAL 31 68 96 312 31 10 4 20,418 17,025 82

ROMANIA 9 14 70 96 14 5 2 9,745 9,165 41

SLOVAKIA 22 33 41 198 31 8 3 15,693 12,159 61

SLOVENIA 26 37 98 333 61 13 5 25,596 23,413 107

SPAIN 39 130 185 714 92 16 5 31,161 27,022 127

SWEDEN 162 428 394 922 211 27 13 52,580 45,557 214

SWITZERLAND 49 49 142 1,219 229 38 18 73,725 64,884 303
UNITED 
KINGDOM 34 137 169 665 136 23 9 48,109 35,491 183
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PHARMACEUTICAL EXPENDITURE
The costs related to consumption of stroke-related medication were included 
in the analysis. 

OECD health data provided the total CVD-related pharmaceutical 
expenditure, defined as those medications coded under the Anatomical 
Therapeutic Chemical (ATC) Classification Code C (Cardiovascular System), 
for Austria, Belgium, Czech Republic, Denmark, Estonia, Finland, France, 
Germany, Greece, Hungary, Iceland, Ireland, Italy, Luxembourg, the 
Netherlands, Norway, Portugal, Slovakia, Slovenia, Spain, Sweden, 
Switzerland and the UK.34 CVD-related expenditure on medication was 
obtained from other sources for: Bulgaria,3 108 Croatia,109 Cyprus,3 110 Latvia,111 
and Poland.3 112 For Israel, Malta and Romania no data on CVD-related 
pharmaceutical expenditure was identified. Therefore, for: 1) Israel we used 
estimates from Italy, 2) Malta we used the average from Cyprus, Italy, 
Portugal, and Spain; and 3) Romania we used estimates from Bulgaria.

As only France,113 Germany83 and the Netherlands114 provided data on 
the proportion of CVD-related pharmaceutical expenditure on stroke, the 
proportion of pharmaceutical expenditure due to stroke was averaged across 
the three countries and applied to the total CVD sales in the remaining 
countries.
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NURSING HOME AND 
RESIDENTIAL CARE COSTS
Social care costs included in the study were those related to nursing and 
residential care home institutionalisation for which there is data across the 
32 countries. As a result, other social care resource use categories like home 
care, provision of meals, and social carer visits were not included.

Nursing and residential care was measured as the number of stroke-related 
days spent in care homes. There are two types of care homes, nursing and 
residential homes. A residential home provides care for people who are not 
able to manage everyday tasks or maintain an independent home of their 
own while a nursing home provides 24-hour nursing care. Given the data 
available, we conservatively assumed that only those aged 65 years of age 
or more, would be institutionalised in a nursing/residential care home. 

Data on the number of people aged 65 years or over living in a nursing or 
residential home care was obtained from the OECD for: Belgium, the Czech 
Republic, Denmark, Estonia, Finland, France, Germany, Hungary, Iceland, 
Ireland, Israel, Luxembourg, the Netherlands, Norway, Portugal, Romania, 
Slovakia, Slovenia, Spain, Sweden and Switzerland.34 For seven other 
countries this information was derived from country-specific reports drawn 
up by the European Commission: Bulgaria,115 Cyprus,116 Italy,117 Latvia,118 
Lithuania,119 Malta,120 and Poland.121 For the remaining four countries, this 
information was derived from a number of different sources: Austria,122 
Croatia,12 Greece,123 and the UK.124

Participants in SHARE were asked whether they lived in a nursing or 
residential home. Using logistic regression analysis, we estimated the 
country-specific probability of a respondent being institutionalised in a 
nursing/residential care home due to stroke, adjusting by age, presence of 
stroke, dementia and/or other health conditions and country of residence. 
This proportion was then applied to the total number of institutionalised 
people and multiplied by 365.25 to obtain the annual number of days 
institutionalised in a nursing/residential home due to stroke. 

In addition, participants in SHARE were asked whether a relative or friend 
they cared for had died within the last 12 months. As part of these questions, 
participants were asked, the age and gender of the deceased, the place of 
death (which could include nursing or residential care home) and the main 
cause of death (which could include stroke). We, therefore, evaluated the 
number of people who died within the last 12 months in a nursing/residential 
care home due to stroke. This was undertaken by adding the age and 
sex-specific products of: the number of stroke-related deaths.3 34; and the 
probability of having been institutionalised before a stroke-related death and 



AT WHAT COST – The Economic Impact of Stroke in Europe

21

assessed using a logistic regression, adjusting for stroke death, country of 
residence, age and gender. 

As these people would not have been institutionalised for the full year, we 
assumed that all patients died halfway through the year. Therefore, the total 
number of people who died as a result of stroke in a nursing/residential 
care home was multiplied by 183 days. This estimate was then added to 
the number of institutionalised days for people living with stroke to obtain 
the annual number of days institutionalised in a nursing/residential home 
due to stroke.

A day in a nursing home was then valued using a number of different 
country-specific sources. For 10 countries, this information was obtained 
from long-term care institutionalisation expenditure estimates compiled in 
country-specific reports authored by the European Commission: Bulgaria,115 
Cyprus,116 Greece,125 Hungary,126 Italy,117 Latvia,118 Lithuania,119 Malta,120 
Poland121 and Slovenia.127 For the remaining countries, unit costs were 
obtained from a wide range of sources: Austria,128 Belgium,129 Croatia,130 
Czech Republic,131 Denmark,132 Estonia,133 Finland,134 France,135 Germany,135 
Iceland,136 Ireland,137 Israel,138 Luxembourg,40 the Netherlands,139 Norway,140 
Portugal,141 Romania,142 Slovakia,142 Spain,143 Sweden,144 Switzerland,145 and 
the UK (Table 5).106 

INFORMAL CARE COSTS
Informal care costs were based upon the conservative assumption that only 
patients severely limited in daily activities or who were terminally ill would 
receive informal care. We used country-specific data from to estimate the 
number of people with stroke using prevalence estimates from the Global 
Burden of Disease1 and then used data from SHARE to assess the informal 
care needs of stroke patients.2

We then assessed the:

•	prevalence of stroke in the population, which was obtained from 
prevalence estimates for stroke from the GBD study;1

•	probability of being severely limited in daily activities due to stroke. 
Using data from SHARE, we undertook logistic regressions 
adjusting for age, gender, presence of stroke, dementia and of 
other health conditions, and country of residence. As a result, 
we obtained country-specific estimates of the probability of being 
severely limited in daily activities due to stroke; 



AT WHAT COST – The Economic Impact of Stroke in Europe

22

•	probability of receiving informal care due to stroke. Using data 
from SHARE, we evaluated the probability that stroke patients 
received informal care. We performed two logistic regressions 
(one for care from inside household and another for care outside 
the household) after adjusting for age, gender, presence of stroke, 
dementia and other health conditions, limitations in daily living 
and country of residence;

•	hours of informal care received due to stroke. 

Using data from SHARE, we performed an ordered logistic regression to 
assess the amount of informal care time (almost daily, almost weekly, almost 
every month or less often) that patients with stroke received after adjusting 
for age, gender, presence of stroke, dementia and other health conditions, 
limitations in daily living, and country of residence. These were converted 
into hours using the information from SHARE on the number of unpaid care 
hours (either daily, weekly, monthly or annually) patients with stroke received.

The hours of informal care for terminally ill stroke patients were estimated 
by adding the age and sex-specific products of:

•	Number of stroke deaths. Age and gender-stratified cancer deaths 
were derived from EUROSTAT (WHO in the case of Israel).3 146 

•	Probability of receiving informal care in the year before dying 
from stroke. Using the end-of-life questionnaire, participants in 
SHARE were asked to report whether they had provided unpaid 
care for anyone who had died in the last year, including the age of 
the person to whom care was provided and the health conditions 
from which that person was suffering. The probability of providing 
informal care for a stroke patient was estimated using a logistic 
regression analysis after adjusting for age, gender and country.

•	Hours of informal care received due to stroke. Using data from 
the end-of-life questionnaire in SHARE, we performed an ordered 
logistic regression to assess the amount of informal care time 
(almost daily, almost weekly, almost every month or less often) 
that caregivers provided to a stroke patient after adjusting for 
age, gender, and country of residence. These were converted 
into hours using the information from SHARE on the number of 
unpaid care hours (either daily, weekly, monthly or annually) that 
caregivers provided to stroke patients. 

Participants in SHARE were asked about the relationship between carer 
and person being cared for (for example spouse, sibling, offspring, parent 
friend). We assumed that spouses, siblings and friends providing the care 
would be of similar age to the patient. Therefore carers of patients aged 
65 years or more were assumed to be retired, and those carers of patients 
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aged less than 65 years were assumed to be of working-age. If care was 
being provided by either the patients’ children or their children’s spouses, 
then it was assumed that these informal carers would be under 65 years of 
age. Using gender-specific economic activity and unemployment rates for 
each country,3 147 we then determined the proportion of these carers who 
were employed or unemployed/economically inactive.

The mean net hourly wage rate was applied to informal care provided 
by those carers in working age and who were economically active and in 
employment. Annual earnings were adjusted to hourly wage rates, assuming 
there were 230 working days each year, and each day consisted of eight 
hours of work. For those carers in retirement, unemployed, or economically 
inactive, the national hourly minimum wage was applied.3 148 For those 
countries with no official minimum wage rate (Cyprus, Denmark, Finland, 
Germany, Italy and Sweden), the worst paid sector in the economy was 
proxied as a minimum wage. 

PRODUCTIVITY COSTS
The costs associated with lost productivity due to morbidity (that is, disability 
caused by stroke) were the costs associated with absence of work due to 
stroke. Morbidity losses could occur due to: individuals taking absence 
from leave for a defined period of time; or due to individuals being declared 
incapacitated or long-term disabled due to their condition, and therefore 
leaving the labour market. Table 6 details all the sources used to obtain 
temporary and permanent absence from work due to stroke. 

Country-specific overall annual days of sickness leave due to all conditions 
was obtained for all countries, except for Cyprus (Table 6). As a result, we 
used the total per employed person days of work due to temporary sickness 
in Greece and multiplied this by the number of employed people in Cyprus.3 

149 

Table 6. Sources used to obtain morbidity losses

TEMPORARY ABSENCE 
FROM WORK

PERMANENT ABSENCE 
FROM WORK

AUSTRIA 13 124 124
BELGIUM 150 151 151
BULGARIA 152 153 153 154
CROATIA 12 52 12 52
CYPRUS 149 155 149 156
CZECH REPUBLIC 157 17 157
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TEMPORARY ABSENCE 
FROM WORK

PERMANENT ABSENCE 
FROM WORK

DENMARK 158 159 159 160
ESTONIA 22 22 161
FINLAND 162 163 163
FRANCE 34 164 165
GERMANY 166 167 168 169
GREECE 149 155 149 156
HUNGARY 153 170 153 171
ICELAND 86 159 159 172
IRELAND 173 174 175 176
ISRAEL 34 177 178 179
ITALY 177 180 179 181
LATVIA 22 182 22 183
LITHUANIA 22 38 22 184
LUXEMBOURG 185 186 40 186
MALTA 41 177 41 179
NETHERLANDS 187 188 188 189
NORWAY 34 190 190 191
POLAND 153 47 153
PORTUGAL 155 192 156 193
ROMANIA 153 154 153 154
SLOVAKIA 157 194 157 194
SLOVENIA 52 52 195
SPAIN 34 155 156 196
SWEDEN 159 197 159 197
SWITZERLAND 167 198 169 199
UK 174 176

To the total number of days of work due to sickness we applied the proportion 
of absence that was attributable to stroke using the following:

•	in the Czech Republic,157 France,164 Germany,167 and the UK174 
published data were available on the proportion of temporary 
absence from work due to stroke;

•	in Austria,13 Belgium,200, Estonia,22 Italy,177 Luxembourg,186 the 
Netherlands,188 Norway,190 Poland,153 Slovenia,52 and Spain155 
published data were available on the proportion of temporary 
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absence from work due to CVD. To evaluate the proportion of 
temporary absence from work due to stroke, we obtained the 
proportion of CVD-related hospital inpatient days in the working 
age population due to stroke,3 and applied it to the total number 
of CVD-related days of temporary work absence;

•	in Finland163 and Sweden159 we obtained data on the proportion 
of overall permanent absence from work (in the form of disability 
pensions for the working age population) due to CVD in the 
working age population, and assumed this would be the same 
as the proportion for temporary absence from work. To evaluate 
the proportion of temporary absence from work due to stroke, we 
obtained the proportion of CVD-related hospital inpatient days in 
the working age population due to stroke,3 and applied it to the 
total number of CVD-related days of temporary work absence;

•	we obtained no information on the proportion of absence from 
work due to stroke or CVD for 16 countries:

◦◦ for Slovakia, we used estimates from the Czech 
Republic;157 

◦◦ for Switzerland, we used estimates from Germany;167 

◦◦ for Bulgaria, Hungary, and Romania, we used estimates 
from Poland;153

◦◦ for Croatia, we used estimates from Slovenia;52 

◦◦ for Cyprus, Greece and Portugal, we used estimates 
from Spain;155 

◦◦ for Denmark and Iceland, we used estimates from 
Sweden;159

◦◦ for Ireland, estimates from the UK were used;174

◦◦ for Israel and Malta, estimates from Italy were used;177 

◦◦For Latvia and Lithuania, estimates from Estonia were 
used.22 

To evaluate the proportion of temporary absence from work due to stroke, 
we obtained the proportion of CVD-related hospital inpatient days in the 
working age population due to stroke,3 and applied it to the total number of 
CVD-related days of temporary work absence.
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To calculate permanent absence from work due to sickness, country-specific 
information on the numbers of working-age individuals receiving incapacity 
or disability benefits and not being able to work due to all conditions was 
obtained for all countries except for Bulgaria and Cyprus (Table 6). We 
used the per capita number of people receiving disability benefits in the 
working age population in Romania154 and Greece149 and multiplied this by 
the working age population in Bulgaria3 and Cyprus,3 respectively.

To the total number of people receiving disability benefits we applied the 
proportion of permanent absence that was attributable to stroke using the 
following:

•	in Austria,124 France,165 Germany169 and the UK176 published data 
were available on the proportion of permanent absence from work 
due to stroke;

•	in Belgium,151 Finland,163 Italy,179 Luxembourg,186 Norway,190 
Spain156 and Sweden159 published data were available on the 
proportion of permanent absence from work due to CVD. To 
evaluate the proportion of permanent absence from work due 
to stroke, we obtained the proportion of CVD-related hospital 
inpatient days in the working age population due to stroke,3 and 
applied it to the total number of CVD-related number of people 
receiving disability/incapacity benefits;

•	in the Czech Republic157 we obtained data on the proportion of 
temporary absence from work (in the form of sickness days) due 
to stroke, and assumed this would be the same as the proportion 
for permanent absence from work; 

•	in Estonia,22 the Netherlands,188 Poland,153 and Slovenia52 we 
obtained data on the proportion of overall temporary absence from 
work (in the form of sickness days) due to CVD, and assumed this 
would be the same as the proportion for permanent absence from 
work. To evaluate the proportion of permanent absence from work 
due to stroke, we obtained the proportion of CVD-related hospital 
inpatient days in the working age population due to stroke,3 and 
applied it to the total number of CVD-related number of people 
receiving disability/incapacity benefits.

We obtained no information on the proportion of absence from work due to 
stroke or CVD for 16 countries. 
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We used the proportion of permanent absence from work due to stroke for:

•	Ireland,176 where estimates from the UK were used;

•	Switzerland,169 where estimates from Germany were used;

•	For Slovakia we used the proportion of temporary absence from 
work due to stroke from the Czech Republic.157 

For seven countries, we used the proportion of permanent absence from 
work due to CVD for:

•	Cyprus, Greece and Portugal, where estimates from Spain were 
used;156 

•	Denmark and Iceland, where estimates from Sweden were 
used;159 

•	Israel and Malta were estimates from Italy were used;179 

For the remaining six countries, we used the proportion of temporary 
absence from work due to CVD for:

•	Bulgaria, Hungary and Romania, where estimates from Poland 
were used;153 

•	Croatia, where estimates from Slovenia were used;52

•	Latvia and Lithuania, were estimates from Estonia22 were used. 

To evaluate the proportion of permanent absence from work due to stroke, 
we obtained the proportion of CVD-related hospital inpatient days in the 
working age population due to stroke,3 and applied it to the total number of 
CVD-related number of people receiving disability/incapacity benefits.

To put a value on the absence from work, the mean annual earnings were 
converted to mean daily earnings.3 148 The product of working days lost and 
mean daily earnings provided the productivity losses associated with stroke. 
Furthermore, we used the friction period approach as absent workers are 
likely to be replaced, whereby only the first 90 days of work absence were 
counted.201

To assess the mortality losses, for all countries we assumed an initial working 
age of 15. Age and gender specific deaths due to stroke were obtained for all 
countries.3 146 The number of potential working years lost was then estimated 
as the difference between the age at death and maximum age of retirement 
(which we set at 79 years of age). 
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However, this estimate would overestimate the total working years lost as not 
everyone will be economically active (i.e. either working or actively searching 
for work) or employed. Therefore, age and gender-specific unemployment 
and activity rates,3 147 for each of the 32 countries were applied to the potential 
foregone earnings due to premature mortality. The total number of working 
years lost was then multiplied by gender-specific average annual earnings.3 

148 Future earnings lost due to mortality were discounted to present values 
using a 3.5% annual rate,202 i.e. the value society attaches to present as 
opposed to future costs.

Finally, we used statistical analysis to investigate variations in stroke 
related healthcare expenditure between countries. We undertook a series 
of ordinary least squares univariate regression analyses, using national 
income, overall health expenditure, stroke incidence, stroke mortality, case 
fatality (mortality divided by incidence), stroke prevalence, and stroke specific 
disability adjusted lifeyears (DALYs /the number of years of healthy life 
lost to stroke)as explanatory variables. We did diagnostic tests for omitted 
variables (RESET test and link test) and heteroskedasticity (BreuschPagan 
test). We deemed an explanatory variable to be significant if its p value was 
less than 0·05. All regression analyses were done in Stata (version 15.1).

We also did a sensitivity analysis to measure what effect changes in different 
categories of resource use would have in terms of total costs of stroke. The 
aim was to identify which categories were most sensitive. Therefore, we 
examined the effects of a 20% increase or decrease in health and social 
care costs and earnings for men and women. We also assessed the effect 
of discounting productivity costs using rates of 0% and 5%, and of not using 
a friction-period (i.e. using a human capital approach) when estimating 
morbidity losses.
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RESULTS
In 2017, nearly 1.5 million people suffered a stroke in the 32 European 
countries under study, nine million Europeans lived with stroke, and 438,000 
died due to a stroke.

Table 7 shows, for each of the countries studied:

•	the number of new strokes (incidence);

•	the number of people who have had a stroke (prevalence);

•	the number of people who died from a stroke (deaths);

•	the number of years of healthy life lost to stroke (DALYs).

Table 7. Non-economic stroke burden

INCIDENCE PREVALENCE DEATHS DALYS
AUSTRIA 23,698 154,877 5,246 68,833
BELGIUM 28,085 192,320 6,943 116,340
BULGARIA 38,368 205,683 21,513 327,622
CROATIA 20,469 98,358 7,487 118,848
CYPRUS 1,573 11,079 374 7,522
CZECH REPUBLIC 38,959 216,547 9,630 165,197
DENMARK 12,540 92,553 3,392 60,016
ESTONIA 4,610 32,633 853 23,179
FINLAND 17,429 133,952 4,300 75,047
FRANCE 131,416 942,293 32,271 548,745
GERMANY 242,497 1,685,144 57,082 926,146
GREECE 34,149 212,536 14,445 200,543
HUNGARY 40,003 237,789 12,500 232,778
IRELAND 7,462 56,931 1,920 31,653
ITALY 166,015 778,199 61,783 641,405
LATVIA 12,188 68,840 5,117 73,098
LITHUANIA 15,035 83,143 5,680 77,217
LUXEMBOURG 1,074 8,273 234 4,966
MALTA 892 6,646 287 4,105
NETHERLANDS 35,385 254,094 9,679 162,107
POLAND 124,540 690,591 30,475 653,330
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INCIDENCE PREVALENCE DEATHS DALYS
PORTUGAL 27,447 191,120 11,776 187,018
ROMANIA 103,102 489,826 44,251 776,798
SLOVAKIA 20,560 103,365 5,488 95,249
SLOVENIA 6,204 38,875 1,983 27,499
SPAIN 101,845 550,941 28,434 389,291
SWEDEN 24,807 166,065 6,154 103,126
TOTAL EU-27 1,280,353 7,702,671 389,297 6,097,675
UK 134,979 992,413 40,054 667,392
TOTAL EU-28 1,415,332 8,695,085 429,351 6,765,066
ICELAND 603 4,167 154 2,342
ISRAEL 11,390 82,396 2,454 45,122
NORWAY 12,254 81,671 2,623 43,207
SWITZERLAND 19,766 135,329 3,642 63,410
TOTAL EUROPE 1,459,345 8,998,648 438,224 6,919,147

THE COSTS TO THE HEALTHCARE SYSTEM
The next table (Table 8) shows the number (in thousands) of stroke patients 
treated at different stages of the health system:

•	visits to the GP (primary care);

•	visits to a clinic at the hospital (outpatient visits);

•	emergency care incidents;

•	days in hospital;

•	and days in nursing homes.
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Table 8. Health and social care resource use

NUMBER 
OF GP 
VISITS

NUMBER OF 
OUTPATIENT 

VISITS

NUMBER OF 
EMERGENCY 
CARE VISITS

DAYS IN 
HOSPITAL

DAYS IN 
NURSING 

HOME
AUSTRIA 2,841 1,830 188 858 784
BELGIUM 1,367 647 75 425 4,439
BULGARIA 1,791 486 55 329 658
CROATIA 572 411 30 196 118
CYPRUS 36 207 39 8 26
CZECH REPUBLIC 2,015 3,899 37 1,071 708
DENMARK 943 224 43 74 634
ESTONIA 537 289 43 123 104
FINLAND 123 427 69 542 677
FRANCE 7,548 2,747 954 1,624 7,674
GERMANY 21,745 17,403 252 7,381 6,606
GREECE 277 227 241 438 680
HUNGARY 3,829 5,414 49 1,164 711
IRELAND 529 189 84 123 119
ITALY 11,118 4,743 799 3,303 2,841
LATVIA 392 209 27 141 208
LITHUANIA 1,140 528 42 262 545
LUXEMBOURG 40 71 6 18 93
MALTA 23 17 5 18 14
NETHERLANDS 2,578 1,623 75 312 1,071
POLAND 7,082 4,799 358 1,285 905
PORTUGAL 1,188 894 458 292 493
ROMANIA 2,040 4,413 51 920 2,340
SLOVAKIA 1,451 2,358 85 280 346
SLOVENIA 392 200 20 76 139
SPAIN 10,860 2,584 960 797 1,449
SWEDEN 748 674 139 338 1,095
TOTAL EU-27 83,206 57,510 5,185 22,397 35,476
UK 11,666 3,773 728 2,459 5,651
TOTAL EU-28 94,872 61,283 5,912 24,855 41,128
ICELAND 90 46 4 8 28
ISRAEL 1,644 719 181 167 192
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NUMBER 
OF GP 
VISITS

NUMBER OF 
OUTPATIENT 

VISITS

NUMBER OF 
EMERGENCY 
CARE VISITS

DAYS IN 
HOSPITAL

DAYS IN 
NURSING 

HOME
NORWAY 607 298 50 154 481
SWITZERLAND 461 261 55 395 1,339
TOTAL EUROPE 97,674 62,606 6,202 25,581 43,168

Table 9 shows the costs (in millions) for 2017 of the six areas of health and 
social care: 

PRIMARY CARE

With over 98 million visits to the GP due to stroke in the 32 countries the 
overall cost was €3.3 billion. About half of this amount is accounted for by 
just two countries – Germany and Spain.

OUTPATIENT CARE

The 63 million visits to outpatient consultants cost the healthcare systems 
of the 32 countries €4.7 billion. Germany (€1.4 billion), the UK (€0.5 billion) 
and Italy (€0.4 billion) accounted for approximately half of outpatient care 
costs in Europe. 

EMERGENCY CARE

6.2 million visits to A&E departments across Europe cost €919 million overall. 
Italy (€188 million). Spain and the UK accounted for 53% of emergency care 
costs in Europe. 

HOSPITAL CARE

Across Europe the 26 million days spent in hospital due to stroke in 2017 
resulted in a total cost €16.4 billion for the 32 countries. Countries spending 
the most in terms of inpatient care for stroke included: Germany (€6.4 billion); 
Italy (€2.2 billion); the UK (€1.6 billion) and France (€1.2 billion), with these 4 
countries accounting for approximately 70% of European healthcare spend 
on inpatient care for stroke patients. 

PHARMACEUTICALS

In 2017, the European spend on pharmaceuticals used to prevent and treat 
stroke was €1.3 billion. The highest spend on stroke medications was in 
France (€199 million), followed by Spain (€175 million), the Netherlands 
(€169 million), Germany (€143 million) and Italy (€115 million). These five 
countries accounted for 61% of total European pharmaceutical expenditure 
on stroke medications. 
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NURSING HOME/RESIDENTIAL CARE 

There were 43 million days spent in nursing/residential care homes by stroke 
survivors in 2017. This resulted in a total cost for European social care 
systems of €4.7 billion and €4.2 billion for the EU. Countries spending the 
most in terms of social care for stroke included: Germany (€866 million); the 
UK (€767 million), France (€630 million), Italy (€375 million) and Belgium 
(€328 billion).

Table 9. Health and social care costs (€ millions)

PRIMARY 
CARE

OUTPATIENT 
CARE

EMERGENCY 
CARE

HOSPITAL 
CARE PHARMA

TOTAL 
HEALTHCARE

SOCIAL 
CARE

AUSTRIA 155 127 30 504 29 845 106
BELGIUM 39 38 7 411 31 524 328
BULGARIA 11 12 2 31 15 70 8
CROATIA 10 6 8 22 5 50 2
CYPRUS 1 6 2 1 1 11 2
CZECH REPUBLIC 25 64 3 280 18 390 24
DENMARK 20 19 6 114 7 166 155
ESTONIA 9 15 2 33 1 61 3
FINLAND 19 161 29 421 10 640 133
FRANCE 292 401 87 1,165 199 2,143 630
GERMANY 1,155 1,359 24 6,408 143 9,089 866
GREECE 6 11 17 209 41 284 36
HUNGARY 20 37 6 196 28 286 13
IRELAND 27 26 23 83 14 172 17
ITALY 250 418 188 2,160 115 3,131 375
LATVIA 4 8 1 13 3 30 3
LITHUANIA 13 14 1 32 2 62 5
LUXEMBOURG 2 5 0 21 2 29 19
MALTA 1 1 0 7 1 10 2
NETHERLANDS 83 217 12 450 169 932 210
POLAND 45 261 9 253 67 636 89
PORTUGAL 37 60 44 91 24 257 15
ROMANIA 19 61 4 88 26 198 33
SLOVAKIA 32 78 3 55 8 177 11
SLOVENIA 10 8 2 25 4 48 9
SPAIN 427 336 178 569 175 1,685 133
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PRIMARY 
CARE

OUTPATIENT 
CARE

EMERGENCY 
CARE

HOSPITAL 
CARE PHARMA

TOTAL 
HEALTHCARE

SOCIAL 
CARE

SWEDEN 121 289 55 311 12 788 231
TOTAL EU-27 2,832 4,038 743 13,955 1,146 22,715 3,459
UK 399 516 123 1,636 101 2,775 767
TOTAL EU-28 3,231 4,554 866 15,590 1,247 25,489 4,226
ICELAND 8 6 1 11 1 27 6
ISRAEL 20 49 36 84 12 201 22
NORWAY 43 46 8 211 8 316 186
SWITZERLAND 23 13 8 482 33 558 307
TOTAL EUROPE 3,324 4,669 919 16,378 1,301 26,592 4,748

TOTAL HEALTH CARE EXPENDITURE
In total, in 2017 stroke cost the healthcare systems of the 32 countries under 
study €27 billion. Of this, €16 billion (62%) was due to inpatient hospital 
care, followed by outpatient care (€4.7 billion, 18%), primary care (€3.3 
billion, 13%), pharmaceuticals (€1.3 billion, 5%) and emergency care (€919 
million, 3%). 

The top five countries with the highest healthcare expenditure due to stroke 
also have the biggest populations. Germany (€9.1 billion), Italy (€3.1 billion), 
the UK (€2.8 billion), France (€2.1 billion) and Spain (€1.7 billion). Health 
expenditure due to stroke in these five countries accounted for 71% of all 
stroke-related healthcare expenditure in Europe. 

The average cost of stroke as a proportion of the countries’ overall health 
expenditure was 1.7%. But there was a very wide variation between 
countries, with less wealthier countries such as Hungary spending 3.42% 
and Estonia spending 4.34%. This contrasts with the wealthier countries, 
for example, Denmark spends 0.58% of its health budget on stroke and 
Switzerland spends 0.75%. 

The graph (Figure 1) below shows the proportion of health expenditure on 
stroke for each of the countries studied.
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Figure 1. Proportion of healthcare spending due to stroke

THE COSTS OF INFORMAL CARE
On average, in 2017, friends and family provided 1,052 hours of informal 
care for each person with stroke who was severely limited in activities of 
daily living. This varied widely across Europe from 343 hours in Finland to 
2,833 hours in Spain. Scandinavian countries tended to provide the least 
hours of informal care, whereas Southern European countries provided the 
most. The graph below (Figure 2) shows the average number of hours per 
year of informal care that stroke survivors receive.
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Figure 2. Annual hours of informal care per stroke survivor

The next table (Table 10) shows the amount of informal care in the 32 
countries studies in 2017. Of the nine million people with stroke, 1.2 million 
were severely hampered in their activities of daily living. They received 1.3 
billion hours of care from friends and family. The most care took place in 
Germany with 271 million hours of care provided (21% of the total), followed 
by Italy with 170 million hours (13%) and Spain with 110 million hours (8%). 

These 1.3 billion hours of informal care provided across Europe were valued 
at €16 billion for the year 2017 (Table 11). As with the total number of hours 
of care, Germany had the highest informal care costs across Europe of €5 
billion (32%), followed by Italy with costs of €2 billion (15%) and France of 
€1 billion (8%). 
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Table 10. Informal care and work time lost (thousands) due to stroke

HOURS OF 
INFORMAL CARE DEATHS

WORKING YEARS 
LOST DUE TO DEATH

WORKING DAYS LOST 
DUE TO ILLNESS

AUSTRIA 22,215 5 3 920
BELGIUM 21,128 7 3 770
BULGARIA 40,133 22 15 193
CROATIA 21,541 7 3 421
CYPRUS 1,255 0.4 0.3 54
CZECH 
REPUBLIC

35,784 10 7 507

DENMARK 5,099 3 3 297
ESTONIA 5,837 1 1 362
FINLAND 4,743 4 2 832
FRANCE 86,846 32 19 7,648
GERMANY 270,850 57 39 5,191
GREECE 21,982 14 5 889
HUNGARY 38,342 13 9 224
IRELAND 4,726 2 2 507
ITALY 169,878 62 21 3,199
LATVIA 12,571 5 4 299
LITHUANIA 14,738 6 6 620
LUXEMBOURG 828 0.2 0.1 16
MALTA 895 0.3 0.2 50
NETHERLANDS 27,764 10 7 548
POLAND 90,924 30 33 604
PORTUGAL 44,808 12 9 905
ROMANIA 90,407 44 33 405
SLOVAKIA 17,075 5 5 359
SLOVENIA 5,071 2 1 111
SPAIN 110,152 28 13 2,804
SWEDEN 9,301 6 3 568
TOTAL EU-27 1,174,893 389 245 29,303
UK 116,847 40 34 5,705
TOTAL EU-28 1,291,740 429 279 35,008
ICELAND 158 0.2 0.2 22
ISRAEL 10,272 2 3 1,551
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HOURS OF 
INFORMAL CARE DEATHS

WORKING YEARS 
LOST DUE TO DEATH

WORKING DAYS LOST 
DUE TO ILLNESS

NORWAY 2,922 3 2 1,149
SWITZERLAND 6,157 4 3 267
TOTAL EUROPE 1,311,249 438 286 37,997

THE COSTS OF LOST PRODUCTIVITY 
DUE TO DEATH AND DISABILITY
In 2017, there were a total of 438,000 deaths due to stroke in the 32 
European countries under analysis, amounting to 286,000 potential years 
of work lost. After discounting future losses (i.e. those losses incurred after 
the first year of death), premature mortality cost the 32 European countries 
under study a total of €6.2 billion. Germany, with productivity losses of 
€1.5 billion due to premature death, accounted for nearly a quarter of total 
mortality costs. 

A total of 38 million working days were lost due to permanent and temporary 
absence from work across Europe due to stroke. These losses were valued 
at €6.3 billion. In total productivity losses due to stroke amounted to €12.5 
billion. 

THE TOTAL COST OF STROKE
Stroke cost the 32 European economies under study a total of €60 billion 
in 2017. For the EU-28 this was €57 billion, and without including the UK 
the costs of stroke to the EU would be just under €50 billion. Of that total, 
healthcare cost €27 billion, 45% of total 
costs; informal care cost €16 billion and 
loss of productivity due to disability and 
death about €12 billion. Nursing home 
and residential care, costing €5 billion, 
made up 8% of the total cost.

However, these proportions of spending 
varied widely between countries. For 
example, in Luxembourg social care 
accounted for 25% (€19 million) of 
total costs of stroke, whereas in Croatia 
these costs accounted for less than 1% 
(€2 million) of total costs. 
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As a proportion of total costs, productivity losses due to premature mortality 
were highest in Bulgaria, accounting for 31% (€88 million) of total costs, and 
lowest in Norway, where they accounted for 7% (€68 million) of total costs. 

The table below (Table 11) shows all of the different areas of cost discussed 
above to provide the overall cost (in millions €) of stroke across the 32 
countries.

Table 11. Total costs of stroke in Europe (€ millions)

HEALTH AND 
SOCIAL CARE

INFORMAL 
CARE

MORTALITY 
LOSSES

MORBIDITY 
LOSSES TOTAL

AUSTRIA 952 383 94 180 1,608
BELGIUM 853 354 118 159 1,484
BULGARIA 78 106 87 6 278
CROATIA 52 101 31 26 211
CYPRUS 13 13 5 6 37
CZECH REPUBLIC 414 206 79 32 730
DENMARK 322 148 124 83 677
ESTONIA 64 35 14 24 137
FINLAND 773 92 83 163 1,111
FRANCE 2,773 1,260 519 1,271 5,823
GERMANY 9,954 4,971 1,483 1,191 17,600
GREECE 320 160 82 89 650
HUNGARY 300 168 87 12 567
IRELAND 189 83 67 111 451
ITALY 3,507 2,355 543 501 6,905
LATVIA 32 59 36 16 144
LITHUANIA 67 59 47 29 203
LUXEMBOURG 48 17 6 4 75
MALTA 13 8 3 5 29
NETHERLANDS 1,142 484 247 117 1,991
POLAND 725 421 331 35 1,512
PORTUGAL 272 304 133 74 783
ROMANIA 231 333 234 17 815
SLOVAKIA 188 83 54 22 347
SLOVENIA 57 45 15 12 129
SPAIN 1,818 1,109 274 357 3,557
SWEDEN 1,019 193 122 122 1,455
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HEALTH AND 
SOCIAL CARE

INFORMAL 
CARE

MORTALITY 
LOSSES

MORBIDITY 
LOSSES TOTAL

TOTAL EU-27 26,174 13,549 4,920 4,665 49,308
UK 3,542 1,838 1,044 1,046 7,470
TOTAL EU-28 29,716 15,387 5,964 5,711 56,778
ICELAND 33 4 7 5 48
ISRAEL 223 123 57 195 597
NORWAY 501 78 68 277 926
SWITZERLAND 866 170 139 81 1,256
TOTAL EUROPE 31,339 15,762 6,235 6,269 59,605

The total gross domestic product (GDP) of the 32 countries was €16,658 
billion in 2017. Stroke accounted for 0.36% of total GDP. The country 
with the highest share of GDP lost due to stroke was Estonia at 0.58% 
followed by Bulgaria and Germany, both at 0.54%. The countries with the 
lowest share of GDP lost due to stroke were Luxembourg (0.14%), Ireland 
(0.15%) and Israel (0.19%). 

The graph below (Figure 3) shows the overall cost of stroke as a proportion 
of GDP.

Figure 3. Proportion of GDP lost due to stroke
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 WHAT ARE THE FUTURE 
COSTS OF STROKE?
In 2017 the cost of stroke in the 32 European countries studied was €60 
billion. In this chapter we predict the costs of stroke in 2030, 2035 and 2040. 
In order to do so, the first step was to estimate the future incidence and 
prevalence of stroke.

Although the incidence of strokes has been declining over the last two 
decades203, after adjustments for age and gender related prevalence), recent 
data shows an increase in strokes in younger people204. This, together with 
increases in the numbers of people with conditions that increase the risk 
of stroke, such as diabetes and atrial fibrillation, make it difficult to assess 
future incidence1 205. So this study is based upon 2017 data (from the Global 
Burden of Disease study1 with projections on future population numbers 
from Eurostat3 and, for Israel, the OECD206).

And while there has been a welcome decrease in stroke related deaths207, 
there is some evidence suggesting that the number of deaths within the 
first year after a stroke has not changed203 208 209. Nor is it not clear what 
impact this may have on the number of people living with the life changing, 
long-term impact of stroke. So, again, the study assumes the same stroke 
mortality rates for 2030, 2035 and 2040 as in 20171 3 146 146.

The research used the country, age and sex-specific stroke prevalence data 
from 2017 and mapped this against projections of the future age- and sex-
specific populations of the 32 countries. With the projections showing more 
people living to a greater age, the number of people having a stroke and 
living with stroke is set to increase. Using 2017 prices this has implications 
for the future cost of stroke.
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In 2030, for example, the total populations of the 32 countries is predicted 
to increase by 4%. However, the number of people aged 65 and over is set 
to rise by 37% and, even more dramatically, there will be an estimated 64% 
increase in the number of people aged 85 and over. 

As age is the biggest, non-modifiable risk factor for stroke, we are set to see 
a dramatic rise in the number of new strokes and the number of people living 
with stroke, concentrated in these older age groups. The predicted increase 
in overall population compared to 2017 remains 4% for 2035 and 2040, but 
the increase in the number of older people means that stroke incidence is 
set to increase by 32% in 2035 and 41% in 2040, for example. 

The following tables (Table 12 to 14) show changes from 2017, for the years 
2030, 2035 and 2040 in terms of: 

•	the percentage overall population for the 32 countries, including 
changes in the number over 65 and over 80;

•	the percentage change in the number of people living with stroke 
(prevalent stroke), again including the over 65 and over 80 age 
groups;

•	the percentage change in the number of new strokes (incidence) 
including the same age groupings.
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Table 12. Changes in population and stroke incidence/prevalence 
between 2017 and 2030

POPULATION
PREVALENT 

STROKE CASES
INCIDENT STROKE 

CASES

TOTAL
≥65 

YEARS
≥85 

YEARS TOTAL
≥65 

YEARS
≥85 

YEARS TOTAL
≥65 

YEARS
≥85 

YEARS

AUSTRIA 13% 49% 64% 37% 52% 64% 39% 53% 66%

BELGIUM 11% 39% 48% 30% 43% 49% 33% 45% 50%

BULGARIA -13% 9% 68% 10% 19% 68% 15% 23% 69%

CROATIA -6% 24% 59% 17% 30% 62% 22% 32% 64%

CYPRUS 10% 52% 141% 53% 72% 150% 66% 84% 158%

CZECH REPUBLIC 0% 25% 105% 33% 43% 105% 37% 47% 105%

DENMARK 12% 36% 116% 34% 47% 117% 43% 56% 116%

ESTONIA -2% 22% 53% 20% 28% 50% 21% 29% 52%

FINLAND 4% 29% 90% 28% 43% 90% 36% 49% 90%

FRANCE 7% 38% 58% 31% 46% 57% 35% 48% 57%

GERMANY 2% 35% 55% 23% 36% 54% 25% 37% 57%

GREECE -10% 25% 48% 17% 26% 45% 22% 29% 49%

HUNGARY -2% 22% 68% 23% 33% 67% 26% 35% 68%

IRELAND 10% 64% 109% 52% 72% 110% 58% 77% 110%

ITALY -1% 33% 52% 25% 34% 52% 30% 36% 54%

LATVIA -15% 16% 44% 10% 20% 40% 12% 21% 43%

LITHUANIA -21% 21% 35% 8% 22% 32% 9% 23% 34%

LUXEMBOURG 37% 86% 83% 69% 87% 84% 74% 87% 87%

MALTA 9% 42% 183% 44% 63% 188% 59% 77% 190%

NETHERLANDS 10% 48% 107% 39% 59% 108% 47% 66% 106%

POLAND -4% 42% 71% 35% 56% 68% 41% 60% 69%

PORTUGAL -6% 30% 62% 24% 35% 63% 31% 40% 67%

ROMANIA -11% 22% 52% 17% 27% 51% 21% 29% 53%

SLOVAKIA 0% 49% 93% 41% 64% 91% 46% 67% 91%

SLOVENIA 0% 42% 66% 35% 52% 70% 39% 55% 73%

SPAIN 2% 48% 53% 34% 47% 52% 37% 49% 56%

SWEDEN 16% 29% 83% 31% 39% 85% 38% 45% 83%
TOTAL EU-27 2% 36% 61% 27% 40% 61% 31% 42% 62%

UK 12% 39% 76% 33% 45% 77% 39% 50% 76%
TOTAL EU-28 3% 36% 62% 28% 41% 63% 32% 43% 64%
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POPULATION
PREVALENT 

STROKE CASES
INCIDENT STROKE 

CASES

TOTAL
≥65 

YEARS
≥85 

YEARS TOTAL
≥65 

YEARS
≥85 

YEARS TOTAL
≥65 

YEARS
≥85 

YEARS

ICELAND 17% 68% 73% 55% 76% 73% 60% 78% 74%

ISRAEL 30% 62% 116% 60% 76% 117% 66% 82% 117%

NORWAY 16% 49% 81% 44% 60% 81% 49% 63% 79%

SWITZERLAND 17% 58% 106% 48% 64% 105% 54% 69% 109%
TOTAL EUROPE 4% 37% 64% 29% 42% 64% 32% 44% 65%

Table 13. Changes in population and stroke incidence/prevalence 
between 2017 and 2035

POPULATION PREVALENT STROKE CASES INCIDENT STROKE CASES

TOTAL
≥65 

YEARS
≥85 

YEARS TOTAL
≥65 

YEARS
≥85 

YEARS TOTAL
≥65 

YEARS
≥85 

YEARS

AUSTRIA 13% 49% 64% 37% 52% 64% 39% 53% 66%

BELGIUM 11% 39% 48% 30% 43% 49% 33% 45% 50%

BULGARIA -13% 9% 68% 10% 19% 68% 15% 23% 69%

CROATIA -6% 24% 59% 17% 30% 62% 22% 32% 64%

CYPRUS 10% 52% 141% 53% 72% 150% 66% 84% 158%

CZECH REPUBLIC 0% 25% 105% 33% 43% 105% 37% 47% 105%

DENMARK 12% 36% 116% 34% 47% 117% 43% 56% 116%

ESTONIA -2% 22% 53% 20% 28% 50% 21% 29% 52%

FINLAND 4% 29% 90% 28% 43% 90% 36% 49% 90%

FRANCE 7% 38% 58% 31% 46% 57% 35% 48% 57%

GERMANY 2% 35% 55% 23% 36% 54% 25% 37% 57%

GREECE -10% 25% 48% 17% 26% 45% 22% 29% 49%

HUNGARY -2% 22% 68% 23% 33% 67% 26% 35% 68%

IRELAND 10% 64% 109% 52% 72% 110% 58% 77% 110%

ITALY -1% 33% 52% 25% 34% 52% 30% 36% 54%

LATVIA -15% 16% 44% 10% 20% 40% 12% 21% 43%

LITHUANIA -21% 21% 35% 8% 22% 32% 9% 23% 34%

LUXEMBOURG 37% 86% 83% 69% 87% 84% 74% 87% 87%

MALTA 9% 42% 183% 44% 63% 188% 59% 77% 190%

NETHERLANDS 10% 48% 107% 39% 59% 108% 47% 66% 106%

POLAND -4% 42% 71% 35% 56% 68% 41% 60% 69%

PORTUGAL -6% 30% 62% 24% 35% 63% 31% 40% 67%
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POPULATION PREVALENT STROKE CASES INCIDENT STROKE CASES

TOTAL
≥65 

YEARS
≥85 

YEARS TOTAL
≥65 

YEARS
≥85 

YEARS TOTAL
≥65 

YEARS
≥85 

YEARS

ROMANIA -11% 22% 52% 17% 27% 51% 21% 29% 53%

SLOVAKIA 0% 49% 93% 41% 64% 91% 46% 67% 91%

SLOVENIA 0% 42% 66% 35% 52% 70% 39% 55% 73%

SPAIN 2% 48% 53% 34% 47% 52% 37% 49% 56%

SWEDEN 16% 29% 83% 31% 39% 85% 38% 45% 83%
TOTAL EU-27 2% 36% 61% 27% 40% 61% 31% 42% 62%

UK 12% 39% 76% 33% 45% 77% 39% 50% 76%
TOTAL EU-28 3% 36% 62% 28% 41% 63% 32% 43% 64%
ICELAND 17% 68% 73% 55% 76% 73% 60% 78% 74%
ISRAEL 30% 62% 116% 60% 76% 117% 66% 82% 117%
NORWAY 16% 49% 81% 44% 60% 81% 49% 63% 79%
SWITZERLAND 17% 58% 106% 48% 64% 105% 54% 69% 109%
TOTAL EUROPE 4% 37% 64% 29% 42% 64% 32% 44% 65%

Table 14. Changes in population and stroke incidence/prevalence 
between 2017 and 2040

POPULATION
PREVALENT 

STROKE CASES INCIDENT STROKE CASES

TOTAL
≥65 

YEARS
≥85 

YEARS TOTAL
≥65 

YEARS
≥85 

YEARS TOTAL
≥65 

YEARS
≥85 

YEARS
AUSTRIA 15% 58% 79% 47% 66% 79% 50% 68% 81%
BELGIUM 13% 46% 73% 39% 55% 75% 44% 59% 77%
BULGARIA -16% 13% 92% 11% 22% 87% 17% 28% 91%
CROATIA -8% 26% 97% 21% 36% 100% 26% 38% 103%
CYPRUS 12% 63% 189% 67% 90% 204% 85% 108% 218%
CZECH REPUBLIC 0% 35% 140% 38% 52% 141% 43% 57% 143%
DENMARK 14% 42% 133% 41% 56% 135% 51% 67% 138%
ESTONIA -2% 28% 78% 24% 34% 74% 25% 36% 77%
FINLAND 4% 28% 117% 31% 45% 118% 42% 56% 122%
FRANCE 9% 45% 88% 39% 57% 90% 46% 63% 92%
GERMANY 2% 38% 77% 29% 45% 75% 33% 48% 76%
GREECE -13% 33% 64% 22% 35% 62% 30% 40% 67%
HUNGARY -3% 29% 111% 27% 40% 109% 31% 43% 110%
IRELAND 13% 85% 155% 67% 97% 158% 76% 105% 160%
ITALY -1% 43% 65% 32% 47% 66% 39% 50% 69%
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POPULATION
PREVALENT 

STROKE CASES INCIDENT STROKE CASES

TOTAL
≥65 

YEARS
≥85 

YEARS TOTAL
≥65 

YEARS
≥85 

YEARS TOTAL
≥65 

YEARS
≥85 

YEARS
LATVIA -18% 20% 60% 13% 25% 56% 15% 27% 59%
LITHUANIA -25% 23% 51% 10% 28% 48% 11% 29% 51%
LUXEMBOURG 46% 112% 126% 94% 120% 128% 101% 122% 132%
MALTA 10% 46% 228% 51% 70% 241% 69% 88% 252%
NETHERLANDS 11% 54% 137% 46% 71% 139% 58% 81% 142%
POLAND -6% 48% 133% 42% 66% 131% 50% 71% 133%
PORTUGAL -7% 39% 85% 29% 46% 87% 40% 53% 92%
ROMANIA -13% 30% 93% 21% 36% 93% 26% 38% 94%
SLOVAKIA -1% 60% 162% 50% 78% 160% 56% 81% 160%
SLOVENIA 0% 49% 112% 43% 65% 117% 48% 68% 119%
SPAIN 4% 64% 73% 44% 65% 72% 49% 69% 78%
SWEDEN 20% 35% 94% 37% 46% 96% 46% 55% 99%
TOTAL EU-27 2% 43% 86% 34% 51% 89% 39% 54% 90%
UK 14% 46% 93% 41% 57% 95% 50% 64% 97%
TOTAL EU-28 3% 44% 87% 34% 51% 90% 40% 55% 91%
ICELAND 20% 83% 118% 70% 98% 118% 79% 103% 120%
ISRAEL 40% 85% 181% 78% 102% 182% 88% 111% 181%
NORWAY 19% 62% 109% 56% 75% 111% 62% 81% 111%
SWITZERLAND 19% 68% 134% 59% 80% 132% 68% 87% 140%
TOTAL EUROPE 4% 45% 89% 35% 52% 91% 41% 56% 93%

The projected number of people living with stroke is projected to rise from 
9 million in 2017 to: 

•	11 million in 2030, an increase of 21%;

•	11.5 million in 2035, an increase of 29%;

•	12 million in 2040, an increase of 35%.

The number of people suffering a stroke for the first time is predicted to 
increase from 1.5 million in 2017 to:

•	1.7 million in 2030, an increase of 23%;

•	1.9 million in 2035, an increase of 32%;

•	2 million in 2040, an increase of 41%.
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So, how will this rise in the number of people having a stroke and living with 
stroke in 2030, 2035 and 2040 impact on the cost of stroke?

Between 2017 and 2030 overall costs of stroke are projected to rise by €25 
per citizen. This goes up by €33 per citizen from 2017 to 2035 and by €42 
per citizen from 2017 to 2040. However, there was great variation between 
countries, with Finland experiencing the biggest increase in costs per citizen 
in all three years and Cyprus showing the lowest increase in 2035 and 2040.

COSTS OF STROKE IN 2030
Stroke is projected to cost the 32 European economies under study a total of 
€75 billion in 2030 with healthcare costs projected to be €33 billion in 2030, 
ranging from a lower value of €24 billion to a higher value of €45 billion. 
Figure 4 shows the increase in total stroke costs between 2017 and 2030.

Figure 4. Increases in total stroke costs between 2017 and 2030
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COSTS OF STROKE IN 2035
Stroke is projected to cost the 32 European economies under study a total of 
€80 billion in 2035 with healthcare costs projected to be €35 billion, ranging 
from a lower value of €26 billion to a higher value of €48 billion. This graph 
shows the increase in total stroke costs between 2017 and 2035.

Figure 5. Increases in total stroke costs between 2017 and 2035
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COSTS OF STROKE IN 2040
Stroke is projected to cost the 32 European economies under study a total 
of €86 billion in 2040 and healthcare systems costs are projected to be €37 
billion in 2040, €27 billion to a higher value of €51 billion. Figure 6 shows 
the increase in total stroke costs between 2017 and 2040.

Figure 6. Increases in total stroke costs between 2017 and 2040
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INVESTING IN STROKE CARE: 
ECONOMIC IMPACT
In this chapter we look at what impact three different interventions in stroke 
care and prevention would have on the economic burden of stroke. The 
numbers of people having a stroke, the severity of their stroke, and their 
recovery from stroke all influence the overall economic impact of stroke.

The first intervention is tackling atrial fibrillation (uneven heartbeat) 
through the use of warfarin, or new oral anti-coagulation drugs 
instead of aspirin; 

The second is rolling out routine use of thrombectomy (the 
mechanical removal of blood clots in ischaemic stroke);

The third is provision of rehabilitation services and support as 
outlined in stroke guidelines.

For each of these three interventions the study makes projections of costs 
over a five-year period, starting from the baseline of 2017. In order to do so, 
we have used the concept of QALYs to determine the cost effectiveness of the 
interventions in addition to comparing the number of cases, healthcare costs, 
informal care costs and productivity losses associated with implementing 
the intervention versus current practice / standard care. 

QALYs have been used in the UK by the National Institute for Health and 
Care Excellence (NICE), which provides national guidance and advice to 
improve health and social care and makes decisions about what interventions 
are cost effective and should be routinely available. NICE defines QALYs as: 
“A measure of the state of health of a person or group in which the benefits, 
in terms of length of life, are adjusted to reflect the quality of life. One QALY is 
equal to one year of life in perfect health. QALYs are calculated by estimating 
the years of life remaining for a patient following a particular treatment or 
intervention and weighting each year with a quality-of-life score (on a 0 to 1 
scale). It is often measured in terms of the person’s ability to carry out the 
activities of daily life, and freedom from pain and mental disturbance. NICE 
also determine a financial threshold of €22,727 per QALY gained (£20,000,210 
exchange rate: €1 = £0.88) above which an intervention is deemed to not 
be cost effective. The WHO also provides guidance on cost effectiveness. 

The model we used to determine the costs of these three interventions 
simulated costs, survival and (quality adjusted) life expectancy following 
the onset of stroke. It is based on six levels of stroke -related disability at 
three months following the stroke using the modified Rankin Scale (mRS). 
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Following a stroke, patients might die or, at three months, have: 

0 No symptoms 3 
Moderate disability (requires 
some help, but able to walk 
unassisted)

1 
No significant disability (able 
to carry out all usual activities 
despite some symptoms) 4 

Moderate severe disability 
(unable to attend to own bodily 
needs without assistance and 
unable to walk unassisted)

2 
Slight disability (able to look 
after own affairs without 
assistance, but unable to 
carry out all previous activities

5 
Severe disability (requiring 
constant nursing care and 
attention, bedridden and 
incontinent)

Anticoagulant therapy was modelled via a potential reduction in the incidence 
of ischaemic stroke and a potential increase in major bleeding events in the 
atrial fibrillation population, compared to current practice. Both mechanical 
thrombectomy and community-based rehabilitation were modelled via a 
potential change in severity of stroke-induced disability and death at three 
months after stroke onset compared to standard care.

We used evidence from the Oxford Vascular Study (OXVASC),211 212 to 
assess survival at three months and up to five years after stroke. Published 
Cox-regressions,211 212 adjusted for by age, gender, and three month mRS 
score after stroke onset were used. We assumed that all cause-mortality 
after stroke given a particular mRS score would be the same across the 
32 countries conditional on age and gender, but mortality differed across 
countries given each country’s differing age and gender population. 

Quality of life as measured using the Euroqol 5 Dimensions 3 Levels (EQ-
5D-3L) (measuring mobility, self-care, usual activities, pain/discomfort, and 
anxiety/depression) was obtained from OXVASC.213 In OXVASC, EQ-5D 
responses were obtained from stroke patients at 1 to 3, 6, 12, 24 and 60 
months, and converted into utility estimates using the UK tariff.214 For this 
study, we used published regression analyses evaluating utility adjusting for 
mRS scores age and gender.213 As with survival, we assumed that quality 
of life, given a particular mRS score, would not vary between countries. 
However, by including age and gender as part of the regression analysis, 
utility was allowed to differ between countries due to the differing age and 
gender population of each country cohort.
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Healthcare resource use after stroke was derived from OXVASC.211 212 As 
part of OXVASC, healthcare resource use was obtained from stroke onset 
until five years after stroke or death, whichever occurred first. Resource use 
collected included: inpatient and day case stays in hospital; outpatient visits; 
and A&E visits. Mean resource use by mRS score in OXVASC is reported 
in Table 15. 

Table 15. Mean resource (S.D.) use by 3-month mRS in OXVASC

MRS 0 MRS 1 MRS 2 MRS 3 MRS 4 MRS 5

LENGTH OF STAY, DAYS

STROKE ONSET 
TO 90 DAYS

1.30 
(3.04)

2.68 
(6.63)

6.37 
(10.8)

21.3 
(27.3)

53.4 
(33.6)

69.6 (27.7)

90 DAYS TO 1 YEAR 0.91 
(3.71)

1.51 
(6.69)

3.94 
(15.4)

13.2 
(32.6)

32.1 
(47.0)

48.7 (58.2)

1 YEAR TO 2 YEARS 2.44 
(14.3)

2.74 
(12.7)

4.46 
(19.0)

8.91 
(27.0)

5.78 
(14.8)

4.92 (15.2)

2 YEARS TO 3 YEARS 2.27 
(10.2)

2.67 
(16.5)

5.12 
(19.8)

12.2 
(29.6)

7.31 
(25.7)

3.78 (11.5)

3 YEARS TO 4 YEARS 1.09 
(4.64)

2.41 
(9.74)

5.62 
(18.8)

9.88 
(23.7)

6.4 (18.4) 1.69 (4.71)

4 YEARS TO 5 YEARS 2.03 
(9.51)

3.57 
(14.7)

4.13 
(17.6)

10.3 
(26.5)

6.30 
(18.5)

1.25 (4.84)

OUTPATIENT VISITS

STROKE ONSET 
TO 90 DAYS

3.35 
(2.12)

3.06 
(2.15)

2.96 
(0.26)

2.48 
(2.12)

1.39 
(1.68)

1.35 (2.10)

90 DAYS TO 1 YEAR 2.02 
(2.24)

2.60 
(3.59)

3.18 
(4.57)

2.60 
(3.22)

3.57 
(7.17)

1.67 (4.31)

1 YEAR TO 2 YEARS 2.17 
(2.88)

2.87 
(4.56)

3.12 
(5.40)

2.47 
(3.03)

2.88 
(4.55)

1.85 (3.19)

2 YEARS TO 3 YEARS 1.52 
(2.16)

2.28 
(3.94)

2.56 
(5.13)

2.22 
(2.86)

2.10 
(3.64)

1.78 (3.86)

3 YEARS TO 4 YEARS 1.96 
(3.59)

2.10 
(4.39)

2.43 
(5.04)

2.31 
(3.33)

1.78 
(3.33)

1.19 (2.95)

4 YEARS TO 5 YEARS 1.90 
(2.98)

2.53 
(6.23)

2.54 
(5.42)

2.83 
(6.11)

1.68 
(3.42)

0.96 (1.50)

A&E VISITS

STROKE ONSET 
TO 90 DAYS

0.36 
(0.52)

0.37 
(0.57)

0.48 
(0.62)

0.57 
(0.66)

0.80 
(0.71)

0.74 (0.59)
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MRS 0 MRS 1 MRS 2 MRS 3 MRS 4 MRS 5

LENGTH OF STAY, DAYS

90 DAYS TO 1 YEAR 0.18 
(0.47)

0.18 
(0.52)

0.26 
(0.68)

0.44 
(0.89)

0.34 
(0.70)

0.32 (0.76)

1 YEAR TO 2 YEARS 0.20 
(0.57)

0.19 
(0.57)

0.27 
(0.63)

0.39 
(0.76)

0.35 
(0.64)

0.30 (0.61)

2 YEARS TO 3 YEARS 0.17 
(0.62)

0.15 
(0.47)

0.34 
(0.84)

0.55 
(1.03)

0.44 
(0.87)

0.30 (0.74)

3 YEARS TO 4 YEARS 0.24 
(0.84)

0.21 
(0.62)

0.32 
(0.71)

0.65 
(1.46)

0.29 
(0.67)

0.31 (0.56)

4 YEARS TO 5 YEARS 0.22 
(0.90)

0.22 
(0.83)

0.25 
(0.57)

0.49 
(0.91)

0.30 
(0.66)

0.21 (0.63)

For each type of resource use, we used regression analysis (a 
statistical method that allows examination of the relationship between two 
or more variables) evaluating resource use adjusted for by three-month mRS 
score, age and gender. In addition to resource use varying by the age and 
gender structure of the stroke population in each country, we also adjusted 
resource estimates from OXVASC using country-specific resource use. 
So, for example, with length of stay for stroke in the UK being 18 days and 
that in Austria being 19,3 for the Austrian version of the model we adjusted 
the number of days in hospital derived from OXVASC by a factor of 1.08 
reflecting longer lengths of stay in Austria. For outpatient and A&E visits, 
we adjusted OXVASC estimates using the division of per capita visits due 
to stroke in the UK over per capita stroke-related visits in the country under 
study. Table 16 reports the weights used to adjust resource use for each 
country in the first three months following stroke. 

Table 16. Country-specific resource use weights for resource use within 
three months from stroke onset. UK = 1

DAYS IN 
HOSPITAL

OUTPATIENT 
VISITS A&E VISITS

DAYS IN 
NURSING 

HOME
AUSTRIA 1.078 3.107 1.651 0.911
BELGIUM 0.803 0.884 0.529 4.070
BULGARIA 0.293 0.618 0.363 0.570
CROATIA 0.661 1.097 0.412 0.209
CYPRUS 0.511 4.927 4.849 0.451
CZECH REPUBLIC 1.244 4.725 0.234 0.911
DENMARK 0.314 0.636 0.639 1.199
ESTONIA 0.835 2.320 1.807 0.552
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DAYS IN 
HOSPITAL

OUTPATIENT 
VISITS A&E VISITS

DAYS IN 
NURSING 

HOME
FINLAND 1.154 0.840 0.701 0.868
FRANCE 0.557 0.767 1.382 1.405
GERMANY 0.922 2.712 0.204 0.675
GREECE 0.524 0.280 1.546 0.530
HUNGARY 0.787 5.972 0.281 0.534
ICELAND 0.890 2.889 1.197 1.322
IRELAND 0.934 0.876 2.018 0.407
ISRAEL 0.620 2.312 3.015 0.453
ITALY 0.814 1.600 1.397 0.606
LATVIA 0.568 0.795 0.540 0.516
LITHUANIA 0.637 1.663 0.694 1.155
LUXEMBOURG 0.886 2.252 0.924 2.083
MALTA 1.270 0.666 0.992 0.364
NETHERLANDS 0.494 1.680 0.402 0.758
NORWAY 0.630 0.960 0.841 1.062
POLAND 0.596 1.824 0.705 0.246
PORTUGAL 0.694 1.229 3.267 0.444
ROMANIA 0.482 2.363 0.140 0.857
SLOVAKIA 0.585 5.990 1.119 0.662
SLOVENIA 0.846 1.353 0.712 0.622
SPAIN 0.523 1.232 2.373 0.461
SWEDEN 0.551 1.066 1.142 1.117
SWITZERLAND 0.880 0.507 0.552 1.738

Risk of institutionalisation in a nursing or residential care was derived from 
OXVASC.211 212 We used a published Cox-regression analysis to identify 
the risk of institutionalisation over a five-year period controlling for age, 
gender and three month mRS score,211 212 and converted these into days in 
a nursing/residential home. As with healthcare resource use, we adjusted 
OXVASC long-term institutionalisation days using country-specific resource 
use. For this we divided the per capita rate of institutionalisation in those 
aged 65 years or over in the UK by the same per capita rate in each of the 
32 countries (Table 16). 

In Chapter 2, we evaluated the annual hours of care received by those 
stroke survivors who survived and were severely hampered in their daily 
activities. As a result, in the model, for those stroke survivors who at three 
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months after stroke onset had an mRS score of 4 or 5, and for half of those 
with a mRS score of 3, we applied the country-, age- and gender- specific 
annual hours of care calculated.

As the stroke extrapolation model predicted death over a maximum period 
of five years after stroke onset, we estimated for those under 65 years of 
age the productivity losses accrued due to early death. Mortality losses were 
valued using the country- and gender-specific average annual earnings3 148, 
taking into account country-, age- and gender-specific employment rates as 
estimated in Chapter 2.3 147

We also included morbidity losses (i.e. costs due to temporary or permanent 
absence from work) in the model. We assumed that for patients surviving 
stroke and who remained non-disabled (i.e. mRS<2), their absence from 
work would be temporary. Hence, we used the country-specific average days 
off work due to stroke as estimated in Chapter 2. For those patients disabled 
after stroke (i.e. mRS>2), we assumed that their absence from work would 
be permanent. The product of working days lost and mean daily earnings 
provided the morbidity losses.3 We used the “friction period” approach, as 
absent workers are likely to be replaced, whereby only the first 90 days of 
work absence were counted.201

We used the results from our research outlined in Chapter 2 to account 
for variations between the 32 countries. This was accounted for by using 
country-specific: age/gender distributions, atrial fibrillation prevalence and 
stroke incidence rates, unit costs, health and social care resource use, 
probability of receiving as well as amount of informal care, employment 
rates and productivity losses. This allowed the models to generate results 
for each of the 32 countries under analysis.
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INTERVENTIONS TACKLING 
ATRIAL FIBRILLATION
Atrial fibrillation is a major risk factor for stroke. Treatment with anticoagulant 
drugs reduces the risk of blood clots forming. These blood clots can 
travel through the vascular system to the brain, causing a blockage - an 
ischaemic stroke. There is evidence that a large proportion of people with 
atrial fibrillation who have an ischaemic stroke are not being treated with 
anticoagulant drugs.

A range of anticoagulants are currently licensed and used throughout Europe. 
These include warfarin and new oral anticoagulants (NOACs: apixaban, 
dabigatran, edoxaban and rivaroxaban). In this study, we evaluated the 
impact of routine use of anticoagulants in atrial fibrillation patients. 

•	Warfarin has been available since the 
1950s215 and its costs are low, therefore 
potentially decreasing the barriers to 
rapid uptake across Europe. 28 tablets 
of warfarin 1 mg cost €0.48.216 

•	NOACs, on the other hand, are more 
costly,216 but have broadly shown to 
be more effective at reducing the risk 
of ischaemic stroke, major bleeding 
events and all-cause mortality, than 
warfarin.217 

Anticoagulants are not suitable for all people with 
atrial fibrillation because the risk of bleeding, compared to just giving aspirin, 
can be higher. A scoring system to assess the risk of major bleeding for 
people using anticoagulants has been developed, called HAS-BLED. 

In this study, we assumed that patients with a HAS-BLED score larger than 2 
would not be eligible to receive any anticoagulant, and thus would continue 
to be treated with aspirin.218 

Based on population-based evidence, we assumed this to be 15% of the 
atrial fibrillation population, irrespective of age.205 Due to very low prevalence 
of atrial fibrillation in the under 30s,1 we restricted our target population to 
those with atrial fibrillation aged ≥ 30 years. So routine use of warfarin would 
cover 85% of people with atrial fibrillation.
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We defined “current practice” assuming that an average 25% of the eligible 
atrial fibrillation-population would be already on warfarin (this proportion 
varied with age),205 and that the rest would be on daily antiplatelet therapy 
with aspirin 150mg.205 We then compared routine use of warfarin and NOACs 
to current practice (Figures 7 and 8). 

For NOACs, we assumed that 15% of the population would remain on 
antiplatelet therapy (aspirin) due to high HAS-BLED scores, 25% would 
still be taking warfarin because they are perceived to be at risk of missing 
dosages of the medication. If a dose of warfarin is missed, re-starting 
treatment with warfarin would still be effective. In contrast, NOACs are 
shorter-acting than warfarin, so if a dose of NOAC is missed, patients can 
quickly lose the anticoagulation effect and increase their risk of a blood 
clot.219 The remaining 60% of patients would receive a NOAC. Given 
that there are currently four classes of NOACs, we modelled that of the 
60% of patients receiving a NOAC, 25% of them would receive apixaban 
(5mg twice daily), 25% dibagatran (150mg twice daily), 25% edoxaban 
(60mg once daily), and the remaining 25% would receive rivaroxaban 
(20mg once daily). We also modelled the use of each individual NOAC 
to current practice. For results of these individual analyses please visit 
www.safestroke.eu/economic-impact-of-stroke/

The dose of warfarin will vary between individuals depending on how long it 
takes blood to form a blood clot (known as the international normalised ratio 
or INR). We followed general guidance and assumed that patients would 
be on a daily dosage of 10mg during the first day of treatment, and 2mg 
thereafter.216 For NOACs, we assumed that patients would receive dosages 
as recommended in the British National Formulary.216 

Figure 7. Comparison of routine use of warfarin with current practice

Figure 8. Comparison of routine use of NOACs with current practice

NOACs

http://www.safestroke.eu/economic
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The table below (Table 17) shows that there are almost seven million people 
with atrial fibrillation in the 32 countries under study, with almost six million 
of them having the potential to benefit from anticoagulation therapy. Country, 
age, and gender-specific numbers of cases with atrial fibrillation were derived 
from the Global Burden of Disease study.1

Table 17. Number of people with atrial fibrillation

AF PATIENTS
AF PATIENTS ELIGIBLE FOR 
ANTICOAGULANT THERAPY 

AUSTRIA 142,603 121,212
BELGIUM 137,448 116,831
BULGARIA 88,079 74,867
CROATIA 43,670 37,119
CYPRUS 10,161 8,636
CZECH REPUBLIC 135,868 115,488
DENMARK 74,597 63,408
ESTONIA 16,619 14,126
FINLAND 87,422 74,309
FRANCE 820,312 697,265
GERMANY 1,201,402 1,021,191
GREECE 139,047 118,190
HUNGARY 125,060 106,301
IRELAND 42,228 35,893
ITALY 847,845 720,668
LATVIA 26,232 22,297
LITHUANIA 36,884 31,351
LUXEMBOURG 7,582 6,445
MALTA 5,583 4,745
NETHERLANDS 197,572 167,936
POLAND 495,314 421,017
PORTUGAL 102,488 87,115
ROMANIA 196,967 167,422
SLOVAKIA 61,154 51,981
SLOVENIA 31,271 26,580
SPAIN 588,301 500,056
SWEDEN 174,243 148,107
TOTAL EU-27 5,835,950 4,960,557
UK 934,851 794,623
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AF PATIENTS
AF PATIENTS ELIGIBLE FOR 
ANTICOAGULANT THERAPY 

TOTAL EU-28 6,770,801 5,755,181
ICELAND 3,399 2,889
ISRAEL 61,750 52,488
NORWAY 69,017 58,665
SWITZERLAND 80,875 68,743
TOTAL 32 COUNTRIES 6,985,842 5,937,966

To generate a picture of the economic costs of treating or not treating atrial 
fibrillation with either warfarin or a NOAC, we used the following model 
following a one-year cycle:

•	someone with atrial fibrillation (who has not already had a stroke) 
could have an ischaemic stroke; 

•	they could have a major bleed requiring hospital treatment;

•	they could die as a result of both. 

The modelling approach is summarised in Figure 9 below. 

Figure 9. Anticoagulant therapy model structure
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For people who have an ischaemic stroke, their condition was further divided 
in to six levels, depending on the severity of the long-term impact of the 
stroke (measured at three months using the mRS which assesses the level 
of disability that someone is left with after stroke). During the one-year cycle, 
there may be no change; or they could have a major bleed; or they could die. 

For those who were already taking warfarin at the time of their ischaemic 
stroke, we assumed they would continue to take it unless or until they then 
had a major bleeding event.

People with non-fatal major bleeds may either recover completely or be 
disabled. They could also have an ischaemic stroke and they could die. We 
assumed that those on warfarin would stop taking it following a major bleed 
and be given aspirin instead. 

We based our assessment of the risk of ischaemic stroke in the atrial 
fibrillation population by using the Birmingham Atrial Fibrillation Treatment 
of the Aged Study (BAFTA) trial220 with further analysis from the OXVASC,205 
providing probabilities of different outcomes flowing ischaemic stroke. The 
risks of ischaemic stroke for people on warfarin/ NOACs were obtained 
by multiplying the absolute risk of ischaemic stroke under aspirin220 by the 
relative effectiveness of warfarin / NOACs obtained from a meta-analysis.217

Stroke survivors were still at risk of major bleeding and death due to bleeding. 
We assumed that these warfarin-related bleeding risks would be the same 
as those estimated for the atrial fibrillation population naïve to stroke. Age-
dependent risk of major bleeding, including disabling, non-disabling and 
fatal, in patients on antiplatelet therapy was obtained from the literature.221 
The risk of bleeding on warfarin / NOACs were obtained by multiplying the 
absolute risk of major bleeding whilst on aspirin by the relative bleeding 
hazard rate on warfarin / NOACs.217

The risk of death due to major bleeding was obtained from OXVASC.221 
We assumed that the risk of mortality following a major non-disabling bleed 
would correspond to that of a stroke survivor with a mRS of 1. We further 
assumed that the risk of mortality following a major disabling bleeding event 
would correspond to that of a stroke survivor with a mRS of 4. Risk of 
all cause-death for atrial fibrillation patients naïve to stroke, under current 
practice, was obtained from country-specific life tables,222 taking into account 
the additional risk of being in an atrial fibrillation state223 and removing the 
risk of stroke from all cause-mortality.3 The risks of all cause-death for atrial 
fibrillation patients naïve to stroke on warfarin / NOACs were obtained by 
multiplying the absolute risk under aspirin by the relative effectiveness of 
warfarin / NOACs obtained from a meta-analysis.217

We assumed that the only costs patients incurred were those covering the 
medications. Using the daily costs of aspirin, warfarin and NOAC from the 
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British National Formulary, our analysis is based upon the following:

•	aspirin (1250mg) costs €0.07 per day. A packet of 75mg tablets 
cost €0.794, therefore daily cost was €0.94 / 28 x 2 = €0.07;

•	warfarin costs €0.04 per day. A packet of 28 tablets with 1mg cost 
€0.62, therefore daily cost was €0.62 / 28 x 2 = €0.04 (plus an 
initial cost for the higher first does on day on of €0.05);

•	apixaban (5 mg twice daily) costs €2.16 per day: a packet of 56 
tablets with 5mg costs €60.45 therefore, €60.45 / 56 x 2 = €2.16;

•	dabigatran (150 mg twice daily) costs €1.93 per day: a packet of 
60 tablets with 150mg costs €57.95 therefore, €57.95 / 60 x 2 = 
€1.93;

•	edoxaban (60 mg once daily) costs €1.99 per day: a packet of 
28 tablets with 60mg costs €55.68 therefore, €55.68/ 28 = €1.99;

•	rivaroxaban (20 mg once daily) costs €2.04 per day: a packet of 
28 tablets with 20mg costs €57.27 therefore, €57.27 / 28 = €2.04.

Resource use after major bleeding was obtained from OXVASC in a study 
assessing the bleeding risks, outcome and costs after bleeding and major 
bleeding.221 With resource use to varying across countries, we applied 
country-specific weights separately for the first three months from onset and 
from three months to five years.
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In terms of productivity losses, we included the costs of:

•	foregone earnings due to early mortality due to stroke or major 
bleeding; 

•	early death from all causes for people with atrial fibrillation who 
had not had a stroke; 

•	temporary or permanent absence from work. We assumed that 
for patients surviving an ischaemic stroke or major bleed and 
who remained non-disabled (i.e. mRS<2), the absence from work 
would be temporary. For those patients disabled after stroke or 
major bleeding (i.e. mRS>2), we assumed that their absence from 
work would be permanent. 

We assessed the difference in costs and QALYs for each intervention 
compared to aspirin. Where the intervention was more costly but also more 
effective, or was less costly but less effective, we evaluated the “incremental 
cost-effectiveness ratio” (ICER), estimated by dividing the difference in costs 
by the difference in QALYs. 

We used two thresholds in order to judge the cost-effectiveness of the 
interventions being evaluated: 

•	The cost-effectiveness threshold decided by NICE of €22,727 per 
QALY gained (£20,000,210 exchange rate: €1 = £0.88); 

•	Using the country’s per capita GDP for 2017, as recommended 
by the WHO.3 34
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RESULTS FOR WARFARIN
When warfarin is routinely used, the average QALYs over five years were 
2.21 per patient treated compared with 2.19 QALYs under current practice. 
That is a QALY gain of 0.019 per atrial fibrillation patient. As a result, at the 
population level, the total QALYs across the 32 European countries were 
15.4 million with routine use of warfarin and 15.3 million with current practice, 
an increase of 0.14 million QALYs (Table 18). For all countries, routine use 
of warfarin generated additional QALYs, relative to current practice.

Table 18. QALYs gained at the population level

ROUTINE USE 
OF WARFARIN

CURRENT 
PRACTICE DIFFERENCE

AUSTRIA 322,456 317,547 4,909
BELGIUM 304,240 299,159 5,081
BULGARIA 198,584 195,557 3,027
CROATIA 99,731 98,250 1,481
CYPRUS 23,060 22,726 334
CZECH REPUBLIC 315,577 311,210 4,367
DENMARK 168,952 166,375 2,577
ESTONIA 37,327 36,733 593
FINLAND 197,732 194,715 3,017
FRANCE 1,817,891 1,787,222 30,668
GERMANY 2,635,795 2,591,201 44,594
GREECE 301,481 296,145 5,335
HUNGARY 279,399 274,937 4,462
IRELAND 97,478 96,106 1,371
ITALY 1,855,553 1,823,832 31,721
LATVIA 59,263 58,335 929
LITHUANIA 82,094 80,761 1,333
LUXEMBOURG 17,136 16,867 269
MALTA 12,640 12,453 187
NETHERLANDS 448,841 442,127 6,714
POLAND 1,136,397 1,119,657 16,740
PORTUGAL 225,284 221,484 3,800
ROMANIA 439,295 432,131 7,163
SLOVAKIA 143,097 141,157 1,940
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ROUTINE USE 
OF WARFARIN

CURRENT 
PRACTICE DIFFERENCE

SLOVENIA 72,262 71,241 1,021
SPAIN 1,294,199 1,271,932 22,267
SWEDEN 393,035 387,020 6,015
TOTAL EU-27 12,888,172 12,762,893 125,279
UK 2,106,291 2,073,206 33,085
TOTAL EU-28 14,977,827 14,835,975 141,852
ICELAND 7,809 7,698 112
ISRAEL 140,909 138,784 2,125
NORWAY 151,415 148,869 2,547
SWITZERLAND 182,653 179,852 2,800

TOTAL 32 COUNTRIES 15,447,133 15,311,120 136,014

On average, across the 32 countries under study, the average cost of therapy 
was:

•	€51.4 for those treated with routine use of warfarin;

•	€64.9 for patients receiving current therapy (aspirin only). 

At the population level, this translated to costs of €359 million as opposed to 
€453 million with current practice (Table 19). Subsequent health and social 
care costs were also lower for routine use of warfarin than the comparator 
(€8.7 billion vs. €14.8 billion, respectively), even though costs associated 
with treatment of major bleeding were higher in the routine warfarin scenario. 
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Table 19. Population-level health and social care costs for patients routinely receiving warfarin and current practice, € thousands 

ROUTINE USE OF WARFARIN CURRENT PRACTICE

THERAPY BLEEDING

SUBSEQUENT COSTS

TOTAL 
COSTS THERAPY BLEEDING 

SUBSEQUENT COSTS

TOTAL 
COSTSINPATIENT OUTPATIENT A&E

SOCIAL 
CARE INPATIENT OUTPATIENT A&E

SOCIAL 
CARE

AUSTRIA 7,546 11,345 141,113 2,302 877 743 163,926 9,424 9,396 247,703 4,025 1,539 1,306 273,394
BELGIUM 7,075 12,922 167,921 1,017 216 54,800 243,951 8,839 10,650 295,782 1,791 382 97,780 415,224
BULGARIA 4,554 271 8,265 164 26 689 13,968 5,670 225 14,484 286 46 1,220 21,930
CROATIA 2,283 378 5,578 96 139 933 9,406 2,841 314 9,775 169 243 1,653 14,995
CYPRUS 526 91 855 139 57 1,026 2,695 656 76 1,498 244 101 1,820 4,393
CZECH REPUBLIC 7,219 4,639 56,095 1,063 61 4,068 73,145 8,984 3,866 97,984 1,851 107 7,183 119,975
DENMARK 3,923 4,426 76,502 495 188 39,175 124,709 4,902 3,663 134,174 866 330 69,486 213,422
ESTONIA 861 432 5,160 199 41 1,291 7,985 1,072 359 9,050 348 72 2,293 13,193
FINLAND 4,606 9,185 113,264 3,529 718 47,182 178,483 5,762 7,592 198,864 6,185 1,261 83,861 303,525
FRANCE 42,902 40,978 610,905 12,551 2,857 182,559 892,753 53,766 33,674 1,077,758 22,128 5,038 326,167 1,518,530
GERMANY 61,413 120,734 2,210,692 35,246 767 424,889 2,853,740 76,800 99,565 3,889,376 61,962 1,350 756,746 4,885,798
GREECE 7,069 4,452 92,438 303 483 10,089 114,833 8,857 3,657 163,073 534 851 18,012 194,984
HUNGARY 6,373 1,787 29,091 371 95 10,095 47,812 7,924 1,484 50,895 645 166 17,865 78,980
IRELAND 2,236 3,041 30,128 552 521 10,561 47,039 2,789 2,525 52,841 966 914 18,758 78,793
ITALY 43,786 58,409 712,295 12,662 8,412 180,946 1,016,511 54,902 48,036 1,253,872 22,268 14,819 322,726 1,716,623
LATVIA 1,368 171 2,532 101 15 568 4,754 1,700 142 4,436 176 26 1,006 7,487
LITHUANIA 1,890 327 6,011 172 15 2,072 10,487 2,348 272 10,553 301 26 3,681 17,181
LUXEMBOURG 399 949 12,146 160 15 4,863 18,533 499 784 21,375 282 26 8,664 31,629
MALTA 294 332 3,704 25 14 996 5,365 368 275 6,499 43 25 1,769 8,979
NETHERLANDS 10,373 16,558 199,656 5,569 358 96,996 329,511 12,958 13,711 350,443 9,758 629 172,369 559,869
POLAND 25,984 6,285 88,471 4,722 193 34,621 160,275 32,322 5,224 155,180 8,257 338 61,460 262,780
PORTUGAL 5,277 2,814 31,395 997 908 2,757 44,149 6,607 2,316 55,285 1,756 1,599 4,920 72,484
ROMANIA 10,106 1,158 21,896 681 51 8,345 42,236 12,587 959 38,419 1,192 89 14,814 68,060
SLOVAKIA 3,256 751 11,342 896 54 3,651 19,950 4,041 628 19,835 1,560 95 6,453 32,611
SLOVENIA 1,676 1,010 12,611 169 54 4,886 20,406 2,092 838 22,126 296 95 8,674 34,122
SPAIN 30,474 27,982 376,264 11,936 7,858 74,833 529,346 38,155 22,992 663,896 21,058 13,871 133,787 893,759
SWEDEN 9,173 10,808 142,805 7,982 2,039 99,212 272,019 11,487 8,932 250,613 13,967 3,577 176,202 464,778
TOTAL EU-27 299,832 336,407 4,904,754 130,431 24,825 1,414,448 7,110,697 378,195 279,120 8,671,383 230,051 43,890 2,528,095 12,130,736
UK 48,916 74,051 795,540 14,459 5,010 273,290 1,211,265 61,111 61,184 1,397,868 25,373 8,819 486,455 2,040,810
TOTAL EU-28 348,237 395,388 5,691,995 156,145 29,749 1,692,353 8,313,866 439,302 328,168 10,063,412 275,392 52,600 3,024,743 14,183,617
ICELAND 180 457 4,642 122 28 1,995 7,424 225 378 8,160 214 49 3,553 12,579
ISRAEL 3,254 2,277 17,135 374 690 5,380 29,109 4,062 1,884 30,098 652 1,209 9,581 47,486
NORWAY 3,555 7,631 119,839 1,033 269 73,933 206,259 4,458 6,278 210,836 1,812 473 131,701 355,558
SWITZERLAND 4,254 10,498 153,237 314 206 67,104 235,613 5,322 8,672 269,598 553 363 119,509 404,017
TOTAL 32 COUNTRIES 359,064 417,167 5,877,734 152,326 30,981 1,831,770 8,669,042 453,367 346,438 10,396,422 268,728 54,796 3,274,972 14,794,723



AT WHAT COST – The Economic Impact of Stroke in Europe

66

Therefore, routinely treating eligible atrial fibrillation-patients with warfarin 
would generate cost-savings to the health and social care budget across 
Europe of €6.1 billion.

Routine use of warfarin generated cost savings in all of the 32 countries 
under study, relative to current practice. The countries where the biggest 
savings, in terms of health and social care costs if warfarin were to be 
routinely administered, were Germany, with five-year savings of €2 billion, 
followed by the UK (savings of €842 million), followed by Italy (savings of 
€710 million). 

When we include the overall societal costs, savings of around €7 billion 
could be made over five years in the 32 countries under study (Table 20).
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Table 20. Societal costs under routine use of warfarin vs current practice, € thousands 

ROUTINE USE OF WARFARIN CURRENT PRACTICE

HEALTH 
& SOCIAL 

CARE
INFORMAL 

CARE
PRODUCTIVITY 

LOSSES
TOTAL 
COSTS

HEALTH 
& SOCIAL 

CARE
INFORMAL 

CARE
PRODUCTIVITY 

LOSSES
TOTAL 
COSTS

AUSTRIA 163,926 11,264 41,554 216,744 273,394 19,898 55,442 348,734
BELGIUM 243,951 8,330 41,958 294,239 415,224 14,779 57,222 487,225
BULGARIA 13,968 1,099 7,532 22,599 21,930 1,935 8,996 32,861
CROATIA 9,406 1,199 5,331 15,936 14,995 2,113 6,830 23,939
CYPRUS 2,695 445 1,830 4,970 4,393 784 2,386 7,564
CZECH REPUBLIC 73,145 4,817 20,504 98,466 119,975 8,461 25,118 153,554
DENMARK 124,709 6,445 35,313 166,467 213,422 11,368 45,163 269,953
ESTONIA 7,985 434 3,296 11,715 13,193 766 3,997 17,955
FINLAND 178,483 2,313 27,116 207,912 303,525 4,084 35,672 343,282
FRANCE 892,753 43,972 182,691 1,119,416 1,518,530 78,111 250,350 1,846,992
GERMANY 2,853,740 90,455 477,925 3,422,121 4,885,798 160,187 620,448 5,666,433
GREECE 114,833 6,940 16,048 137,821 194,984 12,325 22,151 229,461
HUNGARY 47,812 2,143 19,619 69,574 78,980 3,770 23,268 106,019
IRELAND 47,039 3,454 15,020 65,513 78,793 6,099 19,793 104,685
ITALY 1,016,511 61,466 136,098 1,214,075 1,716,623 109,013 188,753 2,014,390
LATVIA 4,754 575 4,530 9,859 7,487 1,013 5,378 13,879
LITHUANIA 10,487 720 5,930 17,137 17,181 1,272 7,040 25,493
LUXEMBOURG 18,533 548 2,334 21,414 31,629 970 3,297 35,896
MALTA 5,365 242 706 6,314 8,979 428 957 10,364
NETHERLANDS 329,511 7,062 71,445 408,018 559,869 12,477 92,360 664,706
POLAND 160,275 7,203 76,657 244,135 262,780 12,708 93,061 368,550
PORTUGAL 44,149 3,182 12,358 59,689 72,484 5,648 16,326 94,458
ROMANIA 42,236 3,753 19,155 65,145 68,060 6,624 23,292 97,976
SLOVAKIA 19,950 1,230 9,626 30,806 32,611 2,162 11,764 46,537
SLOVENIA 20,406 1,166 5,058 26,630 34,122 2,059 6,723 42,904
SPAIN 529,346 46,463 96,195 672,004 893,759 82,596 132,832 1,109,188
SWEDEN 272,019 5,357 49,276 326,652 464,778 9,459 65,177 539,414
TOTAL EU-27 7,110,697 312,549 1,551,979 8,975,225 12,130,736 555,769 1,964,786 14,651,292
UK 1,211,265 49,214 278,819 1,539,297 2,040,810 87,105 362,068 2,489,983
TOTAL EU-28 8,313,866 361,504 1,847,857 10,523,227 14,183,617 642,818 2,336,102 17,162,537
ICELAND 7,424 114 1,321 8,859 12,579 202 1,740 14,521
ISRAEL 29,109 4,254 14,253 47,616 47,486 7,533 18,555 73,574
NORWAY 206,259 3,053 22,442 231,754 355,558 5,405 30,829 391,792
SWITZERLAND 235,613 7,070 38,543 281,226 404,017 12,519 51,103 467,639
TOTAL 32 COUNTRIES 8,669,042 375,824 1,937,811 10,982,677 14,794,723 668,535 2,445,367 17,908,625
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The countries with the largest cost-savings were Germany (€2.2 billion), 
followed by the UK (€950 million) and Italy (€800 million). As with the health 
and social care perspective, routine use of warfarin generated overall societal 
cost-savings, when compared to current practice, in all of the 32 countries 
under study. The countries with the highest savings, per patient with atrial 
fibrillation, were Norway (€2,782), followed by Switzerland (€2,710) and 
Luxembourg (€2,246) compared to an average €1,166 for Europe.

Routinely treating every eligibly atrial fibrillation patient with warfarin would 
save almost €7 billion and add just over 136,000 QALYs over five years.

RESULTS FOR NOACs
When NOACs are routinely used, the average QALYs over five years were 
2.24 per patient treated compared with 2.19 QALYs under current practice. 
That is a QALY gain of 0.044 per atrial fibrillation patient. As a result, at the 
population level, the total QALYs across the 32 European countries were 
15.6 million with routine use of NOACs and 15.3 million with current practice, 
an increase of 0.31 million QALYs (Table 21). For all countries, routine use 
of NOACs generated additional QALYs, relative to current practice.

Table 21. QALYs gained at the population level

ROUTINE USE 
OF NOACS

CURRENT 
PRACTICE DIFFERENCE

AUSTRIA 325,152 317,547 7,605
BELGIUM 307,220 299,159 8,061
BULGARIA 200,359 195,557 4,802
CROATIA 100,588 98,250 2,338
CYPRUS 23,275 22,726 549
CZECH REPUBLIC 318,024 311,210 6,814
DENMARK 170,405 166,375 4,030
ESTONIA 37,661 36,733 928
FINLAND 199,432 194,715 4,717
FRANCE 1,834,590 1,787,222 47,368
GERMANY 2,662,251 2,591,201 71,050
GREECE 304,653 296,145 8,508
HUNGARY 282,044 274,937 7,107
IRELAND 98,292 96,106 2,186
ITALY 1,873,705 1,823,832 49,873
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ROUTINE USE 
OF NOACS

CURRENT 
PRACTICE DIFFERENCE

LATVIA 59,769 58,335 1,434
LITHUANIA 82,868 80,761 2,107
LUXEMBOURG 17,285 16,867 418
MALTA 12,750 12,453 297
NETHERLANDS 452,767 442,127 10,640
POLAND 1,145,905 1,119,657 26,248
PORTUGAL 227,512 221,484 6,028
ROMANIA 443,409 432,131 11,278
SLOVAKIA 144,183 141,157 3,026
SLOVENIA 72,816 71,241 1,575
SPAIN 1,306,745 1,271,932 34,813
SWEDEN 396,452 387,020 9,432
TOTAL EU-27 13,031,458 12,762,893 268,565
UK 2,125,182 2,073,206 51,976
TOTAL EU-28 15,144,126 14,835,975 308,151
ICELAND 7,876 7,698 178
ISRAEL 142,130 138,784 3,346
NORWAY 152,907 148,869 4,038
SWITZERLAND 184,264 179,852 4,412
TOTAL 32 COUNTRIES 15,621,079 15,311,120 309,959

On average, across the 32 countries under study, the average cost of therapy 
was:

•	€1,344 for those treated with routine use of NOACs;

•	€65 for patients receiving current therapy. 

At the population level, this translated to costs of €9,385 million as opposed 
to €453 million with current practice (Table 22). Subsequent health and social 
care costs were lower for routine use of NOACs than the comparator (€7.5 
billion vs. €14.0 billion, respectively), even though costs associated with 
treatment of major bleeding were marginally higher in the routine NOAC 
scenario. 
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Table 22. Population-level health and social care costs for patients routinely receiving NOACs and current practice, € thousands 

ROUTINE USE OF NOACS CURRENT PRACTICE

THERAPY BLEEDING

SUBSEQUENT COSTS

TOTAL 
COSTS THERAPY BLEEDING 

SUBSEQUENT COSTS

TOTAL 
COSTSINPATIENT OUTPATIENT A&E

SOCIAL 
CARE INPATIENT OUTPATIENT A&E

SOCIAL 
CARE

AUSTRIA 194,014 10,442 134,794 2,200 838 710 342,998 9,424 9,396 247,703 4,025 1,539 1,306 273,394
BELGIUM 184,731 11,889 160,459 972 207 52,219 410,476 8,839 10,650 295,782 1,791 382 97,780 415,224
BULGARIA 115,525 250 7,899 157 25 657 124,512 5,670 225 14,484 286 46 1,220 21,930
CROATIA 57,608 348 5,330 92 133 889 64,400 2,841 314 9,775 169 243 1,653 14,995
CYPRUS 13,355 84 818 133 55 979 15,423 656 76 1,498 244 101 1,820 4,393
CZECH REPUBLIC 180,594 4,278 53,603 1,016 59 3,879 243,428 8,984 3,866 97,984 1,851 107 7,183 119,975
DENMARK 101,233 4,073 73,093 473 180 37,342 216,394 4,902 3,663 134,174 866 330 69,486 213,422
ESTONIA 21,845 399 4,932 190 39 1,231 28,635 1,072 359 9,050 348 72 2,293 13,193
FINLAND 119,495 8,449 108,205 3,372 686 44,961 285,167 5,762 7,592 198,864 6,185 1,261 83,861 303,525
FRANCE 1,136,300 37,633 583,357 11,982 2,728 173,875 1,945,875 53,766 33,674 1,077,758 22,128 5,038 326,167 1,518,530
GERMANY 1,613,995 111,119 2,113,051 33,678 733 405,018 4,277,593 76,800 99,565 3,889,376 61,962 1,350 756,746 4,885,798
GREECE 188,554 4,093 88,341 290 461 9,616 291,354 8,857 3,657 163,073 534 851 18,012 194,984
HUNGARY 161,395 1,649 27,819 354 91 9,629 200,937 7,924 1,484 50,895 645 166 17,865 78,980
IRELAND 56,787 2,801 28,784 527 498 10,065 99,462 2,789 2,525 52,841 966 914 18,758 78,793
ITALY 1,165,593 53,680 680,715 12,099 8,037 172,429 2,092,553 54,902 48,036 1,253,872 22,268 14,819 322,726 1,716,623
LATVIA 34,427 158 2,419 97 14 541 37,655 1,700 142 4,436 176 26 1,006 7,487
LITHUANIA 47,847 302 5,745 165 14 1,976 56,048 2,348 272 10,553 301 26 3,681 17,181
LUXEMBOURG 10,315 873 11,600 153 14 4,632 27,588 499 784 21,375 282 26 8,664 31,629
MALTA 7,627 306 3,539 24 14 950 12,458 368 275 6,499 43 25 1,769 8,979
NETHERLANDS 267,012 15,243 190,767 5,321 342 92,440 571,126 12,958 13,711 350,443 9,758 629 172,369 559,869
POLAND 653,078 5,795 84,515 4,511 184 32,992 781,075 32,322 5,224 155,180 8,257 338 61,460 262,780
PORTUGAL 139,331 2,588 30,004 953 867 2,627 176,370 6,607 2,316 55,285 1,756 1,599 4,920 72,484
ROMANIA 258,803 1,067 20,927 651 49 7,956 289,452 12,587 959 38,419 1,192 89 14,814 68,060
SLOVAKIA 80,158 694 10,835 857 52 3,480 96,075 4,041 628 19,835 1,560 95 6,453 32,611
SLOVENIA 42,619 930 12,041 162 52 4,655 60,459 2,092 838 22,126 296 95 8,674 34,122
SPAIN 806,228 25,711 359,421 11,397 7,504 71,282 1,281,542 38,155 22,992 663,896 21,058 13,871 133,787 893,759
SWEDEN 239,276 9,941 136,445 7,629 1,948 94,559 489,797 11,487 8,932 250,613 13,967 3,577 176,202 464,778
TOTAL EU-27 7,843,382 309,928 4,692,071 124,734 23,745 1,348,986 14,342,845 378,195 279,120 8,671,383 230,051 43,890 2,528,095 12,130,736
UK 1,266,770 68,133 760,085 13,813 4,784 260,408 2,373,992 61,111 61,184 1,397,868 25,373 8,819 486,455 2,040,810
TOTAL EU-28 9,100,349 364,285 5,445,240 149,327 28,455 1,614,045 16,701,699 439,302 328,168 10,063,412 275,392 52,600 3,024,743 14,183,617
ICELAND 4,601 420 4,434 117 27 1,900 11,499 225 378 8,160 214 49 3,553 12,579
ISRAEL 83,579 2,096 16,370 358 659 5,125 108,186 4,062 1,884 30,098 652 1,209 9,581 47,486
NORWAY 94,488 7,015 114,538 987 257 70,469 287,754 4,458 6,278 210,836 1,812 473 131,701 355,558
SWITZERLAND 110,609 9,655 146,368 300 197 63,935 331,064 5,322 8,672 269,598 553 363 119,509 404,017
TOTAL EUROPE 9,385,518 384,400 5,623,638 145,695 29,638 1,747,147 17,316,036 453,367 346,438 10,396,422 268,728 54,796 3,274,972 14,794,723
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Therefore, routinely treating eligible atrial fibrillation-patients with NOACs 
would generate additional costs to the health and social care budget across 
Europe of €2.5 billion.

Routine use of NOACs generated care cost savings in seven countries 
(Belgium, Finland, Germany, Iceland, Luxembourg, Norway and Switzerland), 
relative to current practice. The countries where the biggest savings, in terms 
of health and social care costs if NOACs were to be routinely administered, 
were Germany, with five year savings of €608 million, followed by Switzerland 
(savings of €73 million), followed by Norway (savings of €68 million). 

When we include the overall societal costs, the additional costs of routine 
NOAC use were €1.5 billion over five years (Table 23).
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Table 23. Societal costs under routine use of warfarin vs current practice, € thousands 

ROUTINE USE OF NOACS CURRENT PRACTICE

HEALTH 
& SOCIAL 

CARE
INFORMAL 

CARE
PRODUCTIVITY 

LOSSES
TOTAL 
COSTS

HEALTH 
& SOCIAL 

CARE
INFORMAL 

CARE
PRODUCTIVITY 

LOSSES
TOTAL 
COSTS

AUSTRIA 342,998 10,746 39,402 393,145 273,394 19,898 55,442 348,734
BELGIUM 410,476 7,948 39,793 458,217 415,224 14,779 57,222 487,225
BULGARIA 124,512 1,049 7,170 132,731 21,930 1,935 8,996 32,861
CROATIA 64,400 1,144 5,067 70,611 14,995 2,113 6,830 23,939
CYPRUS 15,423 424.5 1,734 17,582 4,393 784 2,386 7,564
CZECH REPUBLIC 243,428 4,598 19,482 267,508 119,975 8,461 25,118 153,554
DENMARK 216,394 6,151 33,483 256,027 213,422 11,368 45,163 269,953
ESTONIA 28,635 414.25 3,135 32,184 13,193 766 3,997 17,955
FINLAND 285,167 2,207 25,712 313,085 303,525 4,084 35,672 343,282
FRANCE 1,945,875 41,930 173,196 2,161,001 1,518,530 78,111 250,350 1,846,992
GERMANY 4,277,593 86,335 453,418 4,817,345 4,885,798 160,187 620,448 5,666,433
GREECE 291,354 6,622 15,213 313,189 194,984 12,325 22,151 229,461
HUNGARY 200,937 2,047 18,691 221,675 78,980 3,770 23,268 106,019
IRELAND 99,462 3,295 14,221 116,978 78,793 6,099 19,793 104,685
ITALY 2,092,553 58,644 128,829 2,280,026 1,716,623 109,013 188,753 2,014,390
LATVIA 37,655 549 4,314 42,517 7,487 1,013 5,378 13,879
LITHUANIA 56,048 688 5,647 62,382 17,181 1,272 7,040 25,493
LUXEMBOURG 27,588 522.5 2,212 30,322 31,629 970 3,297 35,896
MALTA 12,458 231.25 669 13,358 8,979 428 957 10,364
NETHERLANDS 571,126 6,739 67,679 645,543 559,869 12,477 92,360 664,706
POLAND 781,075 6,872 72,902 860,850 262,780 12,708 93,061 368,550
PORTUGAL 176,370 3,036 11,711 191,118 72,484 5,648 16,326 94,458
ROMANIA 289,452 3,582 18,228 311,262 68,060 6,624 23,292 97,976
SLOVAKIA 96,075 1,174 9,156 106,405 32,611 2,162 11,764 46,537
SLOVENIA 60,459 1,112 4,800 66,371 34,122 2,059 6,723 42,904
SPAIN 1,281,542 44,312 91,092 1,416,946 893,759 82,596 132,832 1,109,188
SWEDEN 489,797 5,112 46,632 541,541   464,778 9,459 65,177 539,414
TOTAL EU-27 14,342,845 298,493 1,464,751 16,106,088   12,130,736 555,769 1,964,786 14,651,292
UK 2,373,992 46,949 264,151 2,685,093   2,040,810 87,105 362,068 2,489,983
TOTAL EU-28 16,701,699 345,249 1,743,432 18,790,380   14,183,617 642,818 2,336,102 17,162,537
ICELAND 11,499 109 1,248 12,856 12,579 202 1,740 14,521
ISRAEL 108,186 4,057 13,488 125,731 47,486 7,533 18,555 73,574
NORWAY 287,754 2,914 21,258 311,925 355,558 5,405 30,829 391,792
SWITZERLAND 331,064 6,744 36,476 374,283   404,017 12,519 51,103 467,639
TOTAL 32 COUNTRIES 17,316,036 358,958 1,827,355 19,502,349   14,794,723 668,535 2,445,367 17,908,625
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Using a societal perspective, routine NOAC use generated cost savings in 
nine European countries: Belgium, Denmark, Finland, Germany, Iceland, 
Luxembourg, the Netherlands, Norway and Switzerland. The countries 
with the largest cost-savings were Germany (€850 million), followed by 
Switzerland (€93 million) and Norway (€80 million). 

Using a cost per QALY threshold of €22,727, both from a health and social 
care, and a societal perspective, routine use of NOACs was cost-effective 
in all 32 countries. If using a country’s per capita GDP as a threshold, routine 
use of NOACs was not cost-effective in eight Eastern European countries: 
Bulgaria, Croatia, Hungary, Romania, Latvia, Lithuania, Poland and Slovakia 
(Table 24). 
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Table 24. Incremental cost (€) per QALY gained from a health and social care, and societal 
perspectives

COUNTRY
HEALTH AND 
SOCIAL CARE

COST-EFFECTIVE 
AT € €22,727 PER 

ADDITIONAL QALY? SOCIETY

COST-EFFECTIVE 
AT € €22,727 PER 

ADDITIONAL QALY?

COST-EFFECTIVE 
COMPARED TO 

GDP PER CAPITA?
AUSTRIA 9,152 yes 5,840 yes yes
BELGIUM NOACs dominate yes NOACs dominate yes yes
BULGARIA 21,363 yes 20,799 yes no
CROATIA 21,129 yes 19,960 yes no
CYPRUS 20,110 yes 18,264 yes yes
CZECH REPUBLIC 18,118 yes 16,723 yes yes
DENMARK 737 yes NOACs dominate yes yes
ESTONIA 16,645 yes 15,337 yes yes
FINLAND NOACs dominate yes NOACs dominate yes yes
FRANCE 9,022 yes 6,629 yes yes
GERMANY NOACs dominate yes NOACs dominate yes yes
GREECE 11,327 yes 9,841 yes yes
HUNGARY 17,161 yes 16,274 yes no
IRELAND 9,456 yes 5,624 yes yes
ITALY 7,538 yes 5,326 yes yes
LATVIA 21,038 yes 19,971 yes no
LITHUANIA 18,451 yes 17,512 yes no
LUXEMBOURG NOACs dominate yes NOACs dominate yes yes
MALTA 11,724 yes 10,088 yes yes
THE NETHERLANDS 1,058 yes NOACs dominate yes yes
POLAND 19,746 yes 18,756 yes no
PORTUGAL 17,233 yes 16,034 yes yes
ROMANIA 19,631 yes 18,912 yes no
SLOVAKIA 20,973 yes 19,784 yes no
SLOVENIA 16,722 yes 14,899 yes yes
SPAIN 11,139 yes 8,840 yes yes
SWEDEN 2,653 yes 225 yes yes
TOTAL EU-27 8,237 yes 5,417 yes yes
UK 6,410 yes 3,754 yes yes
TOTAL EU-28 8,172 yes 5,283 yes yes
ICELAND NOACs dominate yes NOACs dominate yes yes
ISRAEL 18,141 yes 15,588 yes yes
NORWAY NOACs dominate yes NOACs dominate yes yes
SWITZERLAND NOACs dominate yes NOACs dominate yes yes
TOTAL 32 COUNTRIES 8,134 yes 5,142 yes yes
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MECHANICAL THROMBECTOMY
One of the most recent developments in the treatment of acute stroke has 
been the development of mechanical thrombectomy (MT). MT is a treatment 
that removes blood clots blocking large blood vessels in the brain with a 
procedure using an angiogram or a catheterisation and a device that grabs 
the clot, removes it, and then re-establishes blood flow to the brain. It is 
most often performed after intravenous thrombolysis (IVT) with alteplase, 
and performed within six hours from symptoms onset224. 

We compared MT with the use of IVT by itself, except for patients over the 
age of 80, where IVT is typically not administered, where we compared MT 
on its own with non-thrombolytic treatment. 

The target population of MT treatment was defined as:

•	Had a confirmed ischaemic stroke; 

•	Were admitted to hospital within 6 hours from symptoms onset;

•	Were not disabled before the stroke (i.e. mRS < 3);

•	Had a non-minor stroke as defined using a National Institutes of 
Health Stroke Scale (NIHSS) score ≥ 5; and

•	≥ 20 years old. 

We compared MT treatment with standard care (Figure 11).
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Figure 11. Comparison of MT with standard care

For all eligible patients under the age of 80, we assumed standard care 
across the 32 countries under study to be IVT alone. For patients over the 
age of 80, where IVT is typically not administered,225 we compared MT on 
its own with non-thrombolytic treatment.

Over the course of the first year after having an ischaemic stroke, people 
could die from stroke or be assessed at three months for the level of 
disability the stroke had caused - levels 0 to 5 on the mRS (Figure 12). The 
survival, utilities and costs over the five-year time horizon were conditional 
on mRS state at three months. The simulation was run for 28 age group /
gender combinations (two gender and 14 age 5-year groups). Results were 
combined based on group proportions for the defined country or group of 
countries. Country, age, and gender-specific numbers of new ischaemic 
strokes were derived from the Global Burden of Disease.1 
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Figure 12. Mechanical thrombectomy model structure 

90 DAYS FOLLOWING IS
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EFFECTIVENESS OF MT ON MRS 
SCORE AT 3 MONTHS
The effectiveness of MT + IVT over IVT alone in those younger than 80 
years of age, and that of MT over standard care with no IVT, was derived 
from a meta-analysis of five randomised controlled trials.225 The primary 
outcome of this study was 90-day mRS score and death, results of which 
are summarised in Table 25. The costs and (quality-adjusted) life expectancy 
over a five-year time horizon conditional on mRS at three months were 
then simulated to determine the differences between MT intervention and 
standard care.

Table 25. 90-day mRS scores according to treatment received225

MRS SCORE

AGE < 80 YEARS AGE ≥ 80 YEARS

MT + IVT IVT MT NO IVT
0 10.0% 5.0% 10.2% 3.6%
1 16.9% 7.9% 15.7% 6.2%
2 19.1% 13.6% 17.6% 12.5%
3 16.9% 16.4% 18.5% 8.7%
4 15.6% 24.7% 7.4% 31.2%
5 6.2% 13.5% 7.4% 15.0%
DEATH 15.3% 18.9% 23.1% 22.5%

INTERVENTION COSTS
Costs of MT and IVT were derived from a study undertaken in Italy 226. 
For this study, we assumed that the costs of the MT device, alteplase to 
deliver IVT, and any other consumables and tests would be the same across 
countries. These costs were €4,409 for MT, €606 for IVT, and €123 for those 
receiving no IVT. 

Healthcare staff needed to deliver the intervention included nurses, 
anaesthesiologists, assistants, neuro-radiologists and registrars. We 
assumed that all countries would require the same staff categories and hours 
to provide all ischaemic stroke treatments (MT, IVT, and non-thrombolysis) 
as that reported in two previous studies in Italy and the UK 226 227 (Table 26). 
Staff time was valued using country-specific unit costs.
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Table 26. Ischaemic stroke resource use by treatment procedure

ITEM
RESOURCE 

USE

MT 
PROCEDURE

Device 1.2

Consumables 1

Anaesthetist 4

Anaesthetist assistant 4

Radiographer 3

Neuroradiologist 3

Registrar 3

Nurse 3

Scrub Nurse 3

IVT 
PROCEDURE

Drug 1

Blood test 1

Nurse activate stroke team 0.08

Stroke team assessment 0.5

Registrar accompanies 
patient to CT scan

1

Consultant reviews CT results 
and discusses with relatives

0.5

Nurse assessment 0.08

Registrar time for IV-tPA infusion 1.25

Additional 12 routine observations 1

1:1 care for 5 hours with senior nurse 5

Junior staff review 0.42

Overnight junior staff review 0.17

Consultant review after infusion 0.33

NON-
THROMBOLYSIS 
PROCEDURE

Blood test 1

CT scan 1

ER Doctor assessment 0.25

Nurse to accompany to CT scan 1

Nurse assessment 0.08

Routine nurse observation 4 in 24 hours 0.33

Junior staff review 0.21

Consultant review at 24 hours 0.25
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In 2017, just over one million people aged 20 years and over suffered an 
ischaemic stroke across Europe, with Germany, Italy and Poland having 
the highest incidence (Table 27). Of these, 27% (267,514) were eligible for 
mechanical thrombectomy. 

Table 27. Number of ischaemic stroke cases in individuals aged 20 
years and over in 2017

INCIDENT 
ISCHAEMIC 

STROKE CASES

MT-ELIGIBLE 
INCIDENT ISCHAEMIC 

STROKE CASES
AUSTRIA 16,498 4,191
BELGIUM 19,559 4,846
BULGARIA 29,054 7,279
CROATIA 16,601 4,170
CYPRUS 930 238
CZECH REPUBLIC 31,001 7,783
DENMARK 8,340 2,125
ESTONIA 3,735 932
FINLAND 12,663 3,293
FRANCE 88,468 23,286
GERMANY 175,081 44,624
GREECE 22,101 5,855
HUNGARY 32,567 8,146
IRELAND 4,877 1,226
ITALY 110,530 29,504
LATVIA 10,088 2,533
LITHUANIA 12,507 3,126
LUXEMBOURG 719 185
MALTA 547 136
NETHERLANDS 23,738 6,059
POLAND 101,706 25,612
PORTUGAL 18,031 4,751
ROMANIA 79,443 19,822
SLOVAKIA 16,429 4,033
SLOVENIA 4,690 1,196
SPAIN 67,358 17,632
SWEDEN 17,262 4,480
TOTAL EU-27 924,520 237,065
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INCIDENT 
ISCHAEMIC 

STROKE CASES

MT-ELIGIBLE 
INCIDENT ISCHAEMIC 

STROKE CASES
UK 87,921 22,908
TOTAL EU-28 1,012,441 259,974
ICELAND 428 109
ISRAEL 7,531 1,912
NORWAY 8,324 2,132
SWITZERLAND 13,179 3,388
TOTAL 32 COUNTRIES 1,041,903 267,514

In our model, the cohort consisted of 267,514 patients undergoing either MT 
or standard care. For those undergoing MT, the average QALY gain over five 
years was 2.00, compared with 1.62 for those undergoing standard care. 
As a result, at the population level, the total QALYs gained across the 32 
European countries was 534,430 with MT and 433,103 with standard care, 
with MT generating an additional 101,327 QALYs (Table 28). MT generated 
additional QALYs over standard care in all countries. 

Table 28. QALYs gained at the population level 

MT STANDARD CARE DIFFERENCE 

AUSTRIA 8,494 6,898 1,596

BELGIUM 9,711 7,873 1,838

BULGARIA 14,656 11,887 2,769

CROATIA 8,359 6,775 1,584

CYPRUS 481 390 91

CZECH REPUBLIC 15,791 12,823 2,968

DENMARK 4,283 3,475 808

ESTONIA 1,888 1,533 355

FINLAND 6,529 5,286 1,243

FRANCE 46,082 37,308 8,774

GERMANY 89,357 72,430 16,928

GREECE 11,453 9,255 2,198

HUNGARY 16,490 13,385 3,105

IRELAND 2,515 2,045 469

ITALY 57,336 46,291 11,045

LATVIA 5,076 4,114 962

LITHUANIA 6,323 5,132 1,191
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MT STANDARD CARE DIFFERENCE 

LUXEMBOURG 372 302 70

MALTA 277 225 52

NETHERLANDS 12,223 9,919 2,303

POLAND 51,727 41,979 9,748

PORTUGAL 9,311 7,526 1,785

ROMANIA 40,092 32,536 7,556

SLOVAKIA 8,301 6,753 1,548

SLOVENIA 2,392 1,938 453

SPAIN 35,128 28,466 6,663

SWEDEN 8,934 7,239 1,695

TOTAL EU-27 473,577 383,777 89,800

UK 45,621 36,962 8,659

TOTAL EU-28 519,197 420,738 98,459

ICELAND 221 180 42

ISRAEL 3,906 3,176 730

NORWAY 4,306 3,495 811

SWITZERLAND 6,801 5,515 1,286
TOTAL 32 COUNTRIES 534,430 433,103 101,327

On average across Europe, the average intervention cost with MT was 
€6,333 per patient treated, compared with €611 for standard care. At the 
population level, this translated into costs of €1.7 billion as opposed to €163 
million. However, inpatient costs following the intervention were lower for 
MT than for standard care (€5.8 billion vs. €7.2 billion, respectively). Over 
the five years, treating all eligible patients with MT generated health and 
social care costs of €11 billion compared with €12 billion for standard care 
(Table 29), generating cost savings to the health and social care services 
across the 32 countries of €868 million. The countries with the biggest 
savings were Germany, with five-year savings of €435 million, followed by 
the UK (savings of €80 million), Switzerland (savings of €61 million) and Italy 
(savings of €59 million). However, MT did not generate cost savings when 
compared to standard care for all countries, including Bulgaria, Croatia, 
Cyprus, Czech Republic, Estonia, Greece, Hungary, Israel, Latvia, Lithuania, 
Poland, Portugal, Romania, Slovakia and Spain.
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Table 29. Population-based health and social care costs for patients undergoing mechanical thrombectomy vs standard care, € 
thousands

MECHANICAL THROMBECTOMY STANDARD CARE

INTERVENTION 

SUBSEQUENT COSTS
TOTAL 
COSTS INTERVENTION 

SUBSEQUENT COSTS
TOTAL 
COSTSINPATIENT OUTPATIENT A&E

SOCIAL 
CARE INPATIENT OUTPATIENT A&E

SOCIAL 
CARE

AUSTRIA 25,874 137,650 4,481 667 81,922 250,593 2,520 167,626 4,096 665 109,284 284,191
BELGIUM 29,284 141,254 1,977 212 84,076 256,804 2,677 175,177 1,825 209 112,419 292,308
BULGARIA 42,189 27,185 862 73 3,046 73,356 4,003 31,869 791 72 4,051 40,785
CROATIA 23,772 17,904 603 482 4,970 47,730 2,189 21,514 559 470 6,614 31,347
CYPRUS 1,381 515 193 36 1,241 3,366 123 653 177 36 1,661 2,650
CZECH REPUBLIC 44,522 105,308 3,993 125 13,516 167,463 4,139 129,428 3,658 124 18,047 155,395
DENMARK 13,461 66,789 791 152 53,799 134,992 1,341 80,326 727 150 71,734 154,279
ESTONIA 5,653 8,539 727 66 3,766 18,751 569 10,474 666 65 5,010 16,785
FINLAND 29,144 108,485 7,320 725 88,336 234,010 3,441 135,065 6,744 716 117,946 263,912
FRANCE 157,681 413,098 18,191 1,567 219,951 810,489 14,978 507,825 16,817 1,569 294,495 835,684
GERMANY 278,985 2,279,163 67,199 867 689,533 3,315,746 27,467 2,745,787 61,596 868 915,235 3,750,953
GREECE 34,648 103,821 643 443 17,833 157,388 2,840 125,277 601 437 23,839 152,994
HUNGARY 45,951 68,831 1,525 194 37,068 153,569 4,252 82,702 1,387 193 49,382 137,915
IRELAND 8,335 20,965 962 347 14,545 45,153 901 26,513 890 347 19,464 48,115
ITALY 184,095 525,373 20,119 6,272 280,277 1,016,137 15,624 661,168 18,477 6,203 374,058 1,075,530
LATVIA 15,060 8,331 651 50 3,026 27,119 1,477 9,987 599 49 4,014 16,127
LITHUANIA 18,201 17,510 940 39 9,009 45,699 1,742 20,962 862 39 11,993 35,599
LUXEMBOURG 1,129 7,317 224 8 5,349 14,028 103 9,094 207 8 7,156 16,569
MALTA 835 2,159 35 9 1,162 4,200 86 2,700 32 9 1,543 4,370
NETHERLANDS 40,804 158,045 9,557 309 142,734 351,449 4,206 195,799 8,783 308 190,949 400,044
POLAND 154,946 154,949 16,025 332 99,608 425,859 14,976 188,406 14,676 333 133,036 351,427
PORTUGAL 28,885 29,989 2,310 870 5,688 67,742 2,472 38,035 2,135 864 7,602 51,108
ROMANIA 113,106 75,916 4,154 159 42,882 236,217 10,631 90,107 3,795 158 57,124 161,816
SLOVAKIA 23,835 29,399 4,170 121 14,163 71,688 2,423 35,201 3,795 122 18,888 60,428
SLOVENIA 7,030 13,894 387 58 9,871 31,241 641 17,121 355 57 13,154 31,328
SPAIN 117,065 251,107 18,563 5,107 92,757 484,599 11,016 312,811 17,184 5,064 124,444 470,519
SWEDEN 41,749 93,162 10,174 1,181 118,987 265,252 5,100 115,225 9,298 1,177 158,872 289,671
TOTAL EU-27 1,493,942 5,222,973 273,379 23,745 2,685,551 9,699,590 143,934 6,387,360 250,690 23,595 3,582,477 10,388,056
UK 153,864 429,991 18,606 3,539 312,140 918,139 14,991 545,597 17,110 3,475 417,612 998,785
TOTAL EU-28 1,641,753 5,719,149 309,689 27,187 3,048,405 10,746,184 157,878 7,003,485 284,036 27,003 4,067,597 11,540,000
ICELAND 740 3,380 212 20 2,957 7,308 77 4,300 194 20 3,969 8,558
ISRAEL 11,789 8,595 489 237 7,449 28,560 1,144 11,659 435 253 9,983 23,473
NORWAY 14,771 93,728 1,552 198 95,000 205,250 1,554 114,284 1,417 196 126,983 244,434
SWITZERLAND 20,223 165,034 718 240 125,402 311,617 1,829 202,441 665 235 167,639 372,809
TOTAL 32 COUNTRIES 1,694,124 5,842,753 298,649 27,385 3,286,365 11,149,276 163,374 7,167,625 273,708 27,254 4,385,384 12,017,345
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When productivity losses were included, overall societal costs were €12.2 
billion with routine use of MT compared with €13.7 billion for standard care 
(Table 30), generating savings of €1.5 billion over a five-year period. As with 
the health and social care perspective, MT did not generate cost savings 
when compared to standard care for all countries. For Bulgaria, Croatia, 
Cyprus, Estonia, Hungary, Latvia, Lithuania, Poland, Portugal, Romania and 
Slovakia, the additional costs of providing MT were not offset by subsequent 
savings.
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Table 30. Societal costs for patients undergoing MT vs standard care, € thousands 

MECHANICAL THROMBECTOMY STANDARD CARE

HEALTH 
& SOCIAL 

CARE
INFORMAL 

CARE
PRODUCTIVITY 

LOSSES
TOTAL 
COSTS

HEALTH 
& SOCIAL 

CARE
INFORMAL 

CARE
PRODUCTIVITY 

LOSSES
TOTAL 
COSTS

AUSTRIA 250,593 14,149 12,444 277,186 284,191 25,344 16,225 325,760
BELGIUM 256,804 11,326 11,676 279,805 292,308 20,901 15,280 328,489
BULGARIA 73,356 4,328 2,631 80,315 40,785 7,591 3,529 51,906
CROATIA 47,730 5,394 1,998 55,122 31,347 9,576 2,615 43,539
CYPRUS 3,366 479 365 4,210 2,650 872 491 4,012
CZECH REPUBLIC 167,463 14,492 7,365 189,320 155,395 25,480 9,739 190,614
DENMARK 134,992 7,777 8,916 151,685 154,279 13,901 11,808 179,989
ESTONIA 18,751 1,179 1,103 21,033 16,785 2,050 1,433 20,269
FINLAND 234,010 3,431 7,506 244,947 263,912 6,344 9,756 280,012
FRANCE 810,489 44,147 42,408 897,044 835,684 84,296 55,029 975,009
GERMANY 3,315,746 128,200 160,960 3,604,907 3,750,953 231,433 211,390 4,193,777
GREECE 157,388 9,634 3,723 170,745 152,994 18,773 5,019 176,787
HUNGARY 153,569 7,103 5,166 165,838 137,915 12,425 6,929 157,269
IRELAND 45,153 4,621 4,497 54,271 48,115 8,164 6,015 62,294
ITALY 1,016,137 70,340 33,006 1,119,483 1,075,530 139,030 44,390 1,258,950
LATVIA 27,119 2,711 1,733 31,563 16,127 4,744 2,289 23,160
LITHUANIA 45,699 2,905 2,396 51,001 35,599 5,077 3,142 43,819
LUXEMBOURG 14,028 521 535 15,084 16,569 966 712 18,247
MALTA 4,200 254 154 4,608 4,370 438 206 5,015
NETHERLANDS 351,449 9,252 19,567 380,268 400,044 16,805 26,147 442,997
POLAND 425,859 18,613 15,993 460,465 351,427 33,152 21,484 406,063
PORTUGAL 67,742 5,109 3,604 76,455 51,108 9,878 4,815 65,800
ROMANIA 236,217 17,345 8,073 261,634 161,816 30,202 10,862 202,880
SLOVAKIA 71,688 4,698 3,611 79,997 60,428 7,958 4,759 73,146
SLOVENIA 31,241 1,973 1,210 34,423 31,328 3,599 1,592 36,519
SPAIN 484,599 48,304 25,245 558,148 470,519 92,235 33,629 596,383
SWEDEN 265,252 5,262 14,819 285,333 289,671 9,709 19,802 319,183
TOTAL EU-27 9,699,590 490,550 413,483 10,603,623 10,388,056 898,896 547,335 11,834,287
UK 918,139 47,390 55,735 1,021,264 998,785 88,928 74,784 1,162,497
TOTAL EU-28 10,746,184 538,428 474,573 11,759,184 11,540,000 988,654 629,433 13,158,087
ICELAND 7,308 154 524 7,987 8,558 276 702 9,536
ISRAEL 28,560 5,689 4,473 38,721 23,473 10,171 5,953 39,597
NORWAY 205,250 3,479 9,602 218,331 244,434 6,237 12,231 262,902
SWITZERLAND 311,617 11,422 16,659 339,698 372,809 20,964 22,126 415,899
TOTAL 32 COUNTRIES 11,149,276 561,263 504,965 12,215,504 12,017,345 1,030,157 669,443 13,716,944
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In terms of average (per-patient) cost savings, when MT was compared 
to standard care, the countries with the highest savings were Switzerland 
(€22,488), followed by Norway (€20,908) and Luxembourg (€17,099) 
compared to an average €5,613 for Europe. 

For countries in which MT generated additional costs compared to standard 
care, we estimated the incremental cost per QALY gained to assess the cost-
effectiveness of MT (Table 31). For all countries MT was cost-effective using 
a €22,727 cost per QALY threshold. Only for Bulgaria, was MT judged not 
cost-effective when using annual GDP estimates as the cost-effectiveness 
threshold. For countries not in Table 31, MT was dominant over standard 
care (i.e. more QALYs and lower costs) under all scenarios.

Table 31. Incremental cost per QALY gained from a health & social care 
and societal perspectives

HEALTH 
AND 

SOCIAL 
CARE

COST EFFECTIVE 
AT €22,727 PER 

ADDITIONAL 
QALY? SOCIETY

COST EFFECTIVE 
AT €22,727 PER 

ADDITIONAL 
QALY?

COST-EFFECTIVE 
COMPARED 
TO GDP PER 

CAPITA?
BULGARIA 11,761 Yes 10,258 Yes No
CROATIA 10,343 Yes 7,313 Yes Yes
CYPRUS 7,916 Yes 2,181 Yes Yes
CZECH 
REPUBLIC

4,066 Yes MT dominates Yes Yes

ESTONIA 5,533 Yes 2,150 Yes Yes
GREECE 1,999 Yes MT dominates Yes Yes
HUNGARY 5,042 Yes 2,760 Yes Yes
ISRAEL 6,967 Yes MT dominates Yes Yes
LATVIA 11,429 Yes 8,738 Yes Yes
LITHUANIA 8,479 Yes 6,030 Yes Yes
POLAND 7,636 Yes 5,581 Yes Yes
PORTUGAL 9,318 Yes 5,968 Yes Yes
ROMANIA 9,846 Yes 7,776 Yes Yes
SLOVAKIA 7,276 Yes 4,427 Yes Yes
SPAIN 2,113 Yes MT dominates Yes Yes
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COMMUNITY-BASED REHABILITATION 
FOLLOWING STROKE
In 2017, across Europe, just over 1.4 million people aged 20 years or over 
suffered a stroke, with Germany, Italy and France presenting the highest 
numbers (Table 32). Of these, 855,083 (59%) stroke patients were eligible 
for community based (CB) rehabilitation. 

Table 32. Number of strokes in individuals aged 20 years or over

INCIDENT STROKE 
CASES

ELIGIBLE INCIDENT 
STROKE CASES 

AUSTRIA 23,555 13,748
BELGIUM 27,893 16,450
BULGARIA 38,269 22,421
CROATIA 20,386 11,974
CYPRUS 1,558 911
CZECH REPUBLIC 38,801 22,586
DENMARK 12,451 7,313
ESTONIA 4,593 2,666
FINLAND 17,331 10,231
FRANCE 130,310 77,262
GERMANY 241,408 142,013
GREECE 34,008 20,315
HUNGARY 39,851 23,204
IRELAND 7,366 4,268
ITALY 165,346 99,085
LATVIA 12,157 7,104
LITHUANIA 14,989 8,714
LUXEMBOURG 1,066 626
MALTA 885 517
NETHERLANDS 35,139 20,622
POLAND 124,003 72,362
PORTUGAL 27,326 16,283
ROMANIA 102,779 60,046
SLOVAKIA 20,468 11,787
SLOVENIA 6,175 3,623
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INCIDENT STROKE 
CASES

ELIGIBLE INCIDENT 
STROKE CASES 

SPAIN 101,147 59,744
SWEDEN 24,658 14,568
TOTAL EU-27 1,273,919 750,443
UK 133,888 79,122
TOTAL EU-28 1,407,807 829,565
ICELAND 598 349
ISRAEL 11,176 6,498
NORWAY 12,159 7,121
SWITZERLAND 19,653 11,550
TOTAL 32 COUNTRIES 1,451,393 855,083

Evidence and best-practice guidelines now recommend that stroke patients 
discharged from hospital should continue to have access to specialised 
CB rehabilitation services.228 229 Therefore, in our study we compared CB 
rehabilitation for stroke patients discharged from hospital to current practice 
(Figure 13). We defined current practice as inpatient care followed by some 
level of stroke rehabilitation delivered in either out-patient clinics or day 
hospital.230 231

Figure 13. Comparison of CB rehabilitation with current practice

The target population of CB rehabilitation was defined as:

•	stroke survivors who had a confirmed diagnosis (intracerebral 
haemorrhages, ischaemic stroke and strokes of unknown type);

•	were aged ≥ 20 years old;

•	were admitted to hospital after stroke onset.
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•	To work out the costs of CB rehabilitation, our model included 
all types of stroke cases: intracerebral haemorrhages, 
ischaemic strokes and strokes of unknown type over a one-
year cycle. Following stroke, individuals could die from stroke 
or move to one of six degrees of stroke-disability at three 
months (i.e. mRS 0 to 5). The simulation was run for the 
two interventions and computed for 28 age group /gender 
combinations (two gender and 14 age five-year groups). 
Country, age, and gender-specific numbers of incident stroke 
cases were derived from the Global Burden of Disease.1 

CB rehabilitation was simulated to reduce the severity of stroke-related 
disability (mRS score 0-5) at three months post stroke. Its effectiveness 
relative to current practice was derived from a published meta-analysis, 
which found an improvement in the Barthel Index at six to eight weeks post-
intervention.230 In the meta-analysis, the mean difference in the Barthel Index 
score between those receiving community- as opposed to centre-based 
rehabilitation was estimated at 1.00 (95% CI: 0.12 to 1.88). Given that there 
was a lag between the patient being admitted and receiving the intervention, 
we assumed that this effect would take place three months after stroke 
onset. We assumed that the probability of death at 90 days for patients 
admitted to hospital was the same for both current practice and CB care 
groups.232

We assumed that stroke survivors receiving 
current practice would have the same mRS 

distribution at three months as the stroke 
survivors in OXVASC.233 To model the 
effect of CB rehabilitation, we converted 
the three month distribution of mRS 
scores in OXVASC233 into a distribution 
of Barthel Index scores,234 and applied 

the effectiveness of the intervention as 
derived from the meta-analysis.230 We then 
back transformed this new Barthel Index 
distribution into a new mRS distribution, 
which included the effect of the intervention. 
The costs and (quality-adjusted) life 
expectancy over a five-year time horizon 
conditional on mRS at three months were 
then simulated to determine the differences 
between the two interventions.

The intensity of rehabilitation was assumed to be the same as that studied 
by Beech et al.,231 with patients in CB therapy and current practice receiving 
physiotherapy, occupational therapy and speech therapy (Table 33).
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Table 33. Use of rehabilitation services231

CB THERAPY* CURRENT PRACTICE*

PHYSIOTHERAPY

MEAN INPATIENT UNITS 8.0 12.0
MEAN COMMUNITY-BASED UNITS 14.4 3.0

OCCUPATIONAL THERAPY

MEAN INPATIENT UNITS 8.6 20.0
MEAN COMMUNITY-BASED UNITS 23.3 3.9

SPEECH AND LANGUAGE THERAPY

MEAN INPATIENT UNITS 2.8 4.6
MEAN COMMUNITY-BASED UNITS 10.9 1.3

*Each unit equalled a 20-minute visit with a therapist

Intervention costs were estimated by multiplying the therapy-related resource 
use with the unit costs in Table 34. The unit costs for the rehabilitative 
therapies were based on UK costs obtained from NHS reference costs3 and 
converted into Euros (€). To capture country-heterogeneity in intervention 
costs, we applied weights to the unit costs that were estimated for each of 
the selected countries. These weights were obtained by dividing the cost for 
an outpatient care visit in each country by that of the same visit in the UK. 

Table 34. Unit costs of rehabilitative therapy

UNIT COST, 2017
INPATIENT-BASED PHYSIOTHERAPY €48.22

COMMUNITY-BASED PHYSIOTHERAPY €65.02

INPATIENT-BASED OCCUPATIONAL THERAPY €64.00

COMMUNITY-BASED OCCUPATIONAL THERAPY €91.25

INPATIENT-BASED SPEECH AND 
LANGUAGE THERAPY

€91.17

COMMUNITY-BASED SPEECH AND 
LANGUAGE THERAPY

€84.16
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For those undergoing CB rehabilitation, the average QALY gain over five 
years was 1.82, compared with 1.75 for those undergoing current practice. 
As a result, at the population level, the total QALYs projected for the 32 
countries was 1.6 million with CB rehabilitation and 1.5 million with current 
practice, an increase of 61,890 QALYs (Table 35). For all countries, CB 
rehabilitation generated more QALYs than current practice. 

Table 35. QALYs gained at the population level 

CB REHABILITATION
CURRENT 
PRACTICE DIFFERENCE 

AUSTRIA 25,804 24,792 1,012
BELGIUM 29,845 28,660 1,186
BULGARIA 41,724 40,071 1,653
CROATIA 22,088 21,209 879
CYPRUS 1,699 1,633 67
CZECH REPUBLIC 42,783 41,102 1,681
DENMARK 13,499 12,966 533
ESTONIA 5,033 4,834 199
FINLAND 18,518 17,779 738
FRANCE 137,375 131,878 5,498
GERMANY 259,599 249,287 10,312
GREECE 35,316 33,889 1,427
HUNGARY 43,805 42,077 1,728
IRELAND 8,211 7,893 318
ITALY 170,443 163,523 6,920
LATVIA 13,095 12,570 525
LITHUANIA 16,378 15,729 649
LUXEMBOURG 1,152 1,107 45
MALTA 973 935 38
NETHERLANDS 38,122 36,617 1,505
POLAND 135,976 130,613 5,363
PORTUGAL 28,518 27,367 1,151
ROMANIA 112,556 108,108 4,449
SLOVAKIA 23,113 22,216 898
SLOVENIA 6,708 6,443 265
SPAIN 107,774 103,491 4,283
SWEDEN 26,358 25,311 1,047
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CB REHABILITATION
CURRENT 
PRACTICE DIFFERENCE 

TOTAL EU-27 1,366,225 1,311,871 54,355
UK 142,432 136,762 5,670
TOTAL EU-28 1,508,656 1,448,633 60,024
ICELAND 657 631 26
ISRAEL 12,371 11,890 481
NORWAY 13,261 12,740 521
SWITZERLAND 21,269 20,430 839
TOTAL 32 COUNTRIES 1,556,207 1,494,317 61,890

On average, across the 32 countries under study, the intervention costs 
were €1,270 per patient receiving CB rehabilitation compared with €762 for 
those in current practice. At the population level, this translated into costs 
of €1,086 billion as opposed to € 652 million (Table 36). However, inpatient 
costs following the intervention were lower after CB rehabilitation compared 
to current practice (€18.8 billion vs. €19.4 billion, respectively). 
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Table 36. Population-based health and social care costs for patients undergoing CB vs current rehabilitation practice, € thousands

CB REHABILITATION CURRENT PRACTICE

INTERVENTION

SUBSEQUENT COSTS

TOTAL 
COSTS INTERVENTION 

SUBSEQUENT COSTS

TOTAL 
COSTSINPATIENT OUTPATIENT A&E

SOCIAL 
CARE INPATIENT OUTPATIENT A&E

SOCIAL 
CARE

AUSTRIA 13,588 450,771 13,868 2,101 274,128 754,457 8,152 465,138 13,547 2,122 276,532 765,492
BELGIUM 13,441 486,798 6,270 681 295,353 802,543 8,064 502,025 6,111 686 296,187 813,073
BULGARIA 7,824 83,016 2,543 214 9,465 103,061 4,694 85,187 2,484 216 9,595 102,176
CROATIA 2,525 51,619 1,592 1,322 14,403 71,461 1,515 53,190 1,554 1,334 14,582 72,176
CYPRUS 389 2,010 693 133 4,845 8,070 233 2,088 677 135 4,874 8,007
CZECH REPUBLIC 5,342 308,111 11,218 332 39,713 364,715 3,205 319,368 10,964 336 40,280 374,152
DENMARK 8,930 228,657 2,546 498 189,215 429,846 5,358 235,142 2,485 502 190,815 434,302
ESTONIA 2,048 24,814 2,004 180 10,941 39,988 1,229 25,730 1,960 182 11,117 40,219
FINLAND 54,367 342,206 21,523 2,130 275,913 696,138 32,618 353,679 20,989 2,146 277,251 686,682
FRANCE 157,161 1,382,760 55,911 4,969 749,972 2,350,773 94,290 1,419,039 54,458 5,008 749,423 2,322,218
GERMANY 157,292 7,221,238 202,590 2,317 2,228,011 9,811,447 94,369 7,433,734 197,715 2,336 2,246,039 9,974,192
GREECE 14,071 357,322 1,944 1,466 63,204 438,008 8,442 365,033 1,892 1,475 63,115 439,958
HUNGARY 2,294 196,437 4,172 529 106,417 309,849 1,376 202,831 4,081 535 108,034 316,856
IRELAND 8,414 73,944 3,102 1,184 51,853 138,498 5,048 76,954 3,031 1,197 52,435 138,666
ITALY 120,650 1,809,517 60,833 19,992 952,129 2,963,121 72,385 1,864,844 59,235 20,114 949,464 2,966,042
LATVIA 4,128 23,594 1,752 133 8,616 38,223 2,477 24,334 1,712 134 8,744 37,402
LITHUANIA 3,385 49,079 2,534 102 25,553 80,653 2,031 50,632 2,478 103 25,931 81,175
LUXEMBOURG 579 25,028 716 27 18,592 44,941 347 25,850 698 27 18,661 45,582
MALTA 432 8,269 124 33 4,472 13,329 259 8,608 121 33 4,541 13,562
NETHERLANDS 39,144 545,027 30,784 966 499,404 1,115,325 23,485 563,010 30,036 974 502,502 1,120,008
POLAND 56,670 439,870 43,796 835 284,318 825,489 34,000 454,330 42,788 844 287,559 819,521
PORTUGAL 15,299 106,460 7,108 2,870 19,813 151,550 9,179 110,030 6,924 2,891 19,800 148,824
ROMANIA 11,943 229,712 12,099 447 131,751 385,952 7,165 236,397 11,826 452 133,674 389,513
SLOVAKIA 5,714 85,808 12,011 324 41,428 145,284 3,428 88,810 11,763 328 42,330 146,659
SLOVENIA 1,934 42,342 1,118 168 29,795 75,357 1,160 43,795 1,092 169 30,049 76,266
SPAIN 108,976 862,892 57,620 16,599 324,030 1,370,117 65,381 888,997 56,143 16,720 323,894 1,351,134
SWEDEN 87,675 305,098 30,767 3,650 394,420 821,609 52,601 314,745 30,010 3,680 395,785 796,821
TOTAL EU-27 913,871 16,632,367 814,065 71,210 8,658,091 27,089,604 548,286 17,138,546 794,217 71,821 8,706,461 27,259,331
UK 151,663 1,529,592 59,524 11,512 1,106,657 2,858,948 90,992 1,583,550 58,023 11,587 1,108,367 2,852,518
TOTAL EU-28 1,030,566 18,368,612 928,619 82,126 9,914,020 30,323,943 618,298 18,927,819 905,899 82,819 9,965,336 30,500,172
ICELAND 700 11,077 641 61 9,802 22,281 420 11,508 626 62 9,860 22,477
ISRAEL 6,391 30,736 1,369 841 26,043 65,381 3,835 32,369 1,343 854 26,268 64,669
NORWAY 15,753 312,315 4,891 627 323,999 657,584 9,451 321,812 4,775 632 326,156 662,827
SWITZERLAND 8,084 564,735 2,279 778 434,935 1,010,811 4,850 582,066 2,222 784 437,266 1,027,189
TOTAL 32 COUNTRIES 1,086,355 18,815,722 896,454 83,099 10,706,548 31,588,178 651,769 19,395,989 874,583 83,818 10,762,476 31,768,636
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Over the five years, CB rehabilitation was associated with overall health and 
social care costs of €31.6 billion compared with €31.8 billion for standard 
rehabilitation (Table 36). CB rehabilitation for eligible stroke patients 
generated savings in health and social care costs across the 32 countries 
of around €180 million. The countries with the biggest savings, in terms 
of health and social care costs if CB rehabilitation was implemented were 
Germany, with projected five-year savings of €163 million, followed by 
Switzerland (savings of €16 million) and Austria (savings of €11 million). 

With informal care costs and productivity losses included, overall costs were 
€43.6 billion with CB compared with €43.9 billion for current rehabilitation 
care. Therefore, from a societal perspective, CB rehabilitation for eligible 
stroke patients would generate savings across the 32 countries of €295 
million over a five-year period (Table 37). 
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Table 37. Societal costs for patients undergoing CB vs current practice, € thousands 

CB REHABILITATION CURRENT PRACTICE

HEALTH & 
SOCIAL CARE

INFORMAL 
CARE

PRODUCTIVITY 
LOSSES

TOTAL 
COSTS

HEALTH 
& SOCIAL 

CARE
INFORMAL 

CARE
PRODUCTIVITY 

LOSSES
TOTAL 
COSTS

AUSTRIA 754,457 55,819 196,838 1,007,114 765,492 57,663 197,852 1,021,007
BELGIUM 802,543 47,602 212,153 1,062,298 813,073 48,919 213,311 1,075,302
BULGARIA 103,061 16,123 46,222 165,407 102,176 16,705 46,525 165,406
CROATIA 71,461 19,057 31,957 122,474 72,176 19,732 32,200 124,108
CYPRUS 8,070 2,235 7,470 17,776 8,007 2,304 7,516 17,827
CZECH REPUBLIC 364,715 50,382 116,522 531,619 374,152 52,219 117,090 543,461
DENMARK 429,846 32,453 188,739 651,038 434,302 33,494 189,450 657,246
ESTONIA 39,988 4,056 14,850 58,894 40,219 4,214 14,918 59,351
FINLAND 696,138 13,593 160,880 870,611 686,682 13,993 161,451 862,126
FRANCE 2,350,773 189,633 849,960 3,390,365 2,322,218 194,367 853,825 3,370,411
GERMANY 9,811,447 500,573 3,094,716 13,406,736 9,974,192 516,904 3,105,620 13,596,717
GREECE 438,008 44,703 102,330 585,041 439,958 45,769 102,926 588,653
HUNGARY 309,849 24,322 75,297 409,468 316,856 25,240 75,855 417,952
IRELAND 138,498 18,861 69,163 226,521 138,666 19,520 69,629 227,814
ITALY 2,963,121 320,613 1,059,866 4,343,601 2,966,042 328,160 1,063,981 4,358,182
LATVIA 38,223 9,332 27,092 74,648 37,402 9,685 27,240 74,327
LITHUANIA 80,653 9,794 32,063 122,510 81,175 10,165 32,230 123,570
LUXEMBOURG 44,941 2,200 9,302 56,443 45,582 2,263 9,368 57,213
MALTA 13,329 1,123 3,124 17,576 13,562 1,165 3,145 17,871
NETHERLANDS 1,115,325 38,603 382,444 1,536,371 1,120,008 39,784 384,204 1,543,996
POLAND 825,489 64,021 214,887 1,104,397 819,521 66,258 216,863 1,102,642
PORTUGAL 151,550 23,214 103,329 278,093 148,824 23,795 103,724 276,343
ROMANIA 385,952 63,117 125,709 574,778 389,513 65,451 126,762 581,727
SLOVAKIA 145,284 15,820 41,490 202,594 146,659 16,503 41,851 205,012
SLOVENIA 75,357 7,406 20,647 103,410 76,266 7,649 20,795 104,710
SPAIN 1,370,117 209,804 497,752 2,077,673 1,351,134 215,134 500,604 2,066,873
SWEDEN 821,609 21,462 348,374 1,191,446 796,821 22,068 349,453 1,168,342
TOTAL EU-27 27,089,604 1,936,861 7,858,606 36,885,071 27,259,331 1,995,309 7,898,699 37,153,340
UK 2,858,948 208,089 1,290,328 4,357,365 2,852,518 213,660 1,295,700 4,361,879
TOTAL EU-28 30,323,943 2,146,344 9,219,348 41,689,635 30,500,172 2,210,381 9,265,236 41,975,789
ICELAND 22,281 595 9,100 31,976 22,477 613 9,134 32,224
ISRAEL 65,381 22,875 72,528 160,783 64,669 23,617 72,903 161,188
NORWAY 657,584 14,075 170,063 841,722 662,827 14,511 170,500 847,838
SWITZERLAND 1,010,811 48,372 356,716 1,415,900 1,027,189 49,813 358,005 1,435,007
TOTAL 32 COUNTRIES 31,588,178 2,239,574 9,809,448 43,637,200 31,768,636 2,306,454 9,857,625 43,932,715
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However, CB rehabilitation did not generate cost savings when compared 
to current practice for all countries. For these countries, we estimated the 
incremental cost per QALY gained to assess the cost-effectiveness of CB 
(Table 38). In these countries, CB was found to be cost-effective both when 
compared against NICE’s willingness-to-pay threshold for an additional 
QALY and the country’s GDP per capita, except for Sweden for which an 
ICER of above the €22,727 threshold was estimated under a health and 
social care perspective. For countries not in Table 38, CB rehabilitation was 
dominant over current practice, i.e. it generated more QALYs and resulted 
in lower costs. 

Table 38. Incremental cost per QALY gained from a health and social 
care and societal perspectives

HEALTH 
AND SOCIAL 

CARE

COST 
EFFECTIVE AT 
€ €22,727 PER 
ADDITIONAL 

QALY? SOCIETY

COST 
EFFECTIVE AT 
€ €22,727 PER 
ADDITIONAL 

QALY?

COST-
EFFECTIVE 
COMPARED 
TO GDP PER 

CAPITA?
BULGARIA 536 Yes 0.5 Yes Yes
CYPRUS 946 Yes CB dominates Yes Yes
FINLAND 12,809 Yes 11,494 Yes Yes
FRANCE 5,194 Yes 3,630 Yes Yes
LATVIA 1,565 Yes 611 Yes Yes
POLAND 1,113 Yes 327 Yes Yes
PORTUGAL 2,369 Yes 1,521 Yes Yes
SPAIN 4,433 Yes 2,522 Yes Yes
SWEDEN 23,681 No 22,071 Yes Yes
UK 1,134 Yes CB dominates Yes Yes
ISRAEL 1,482 Yes CB dominates Yes Yes

In terms of cost savings per patient treated, when CB rehabilitation was 
compared to current practice, the countries with the largest savings were 
Switzerland (€1,654), followed by Germany (€1,338), Luxembourg (€1,230) 
and Austria (€1,011) compared to an average €346 for Europe. 
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AUTHORS’ DISCUSSION 
The cost of stroke to Europe’s health and social care systems is set to rise, 
while the productivity losses due to stroke disability and death are set to 
fall. Much of this can be attributed to the projected aging of the European 
population – the number of strokes and people living with stroke are set to 
rise, while the number of people of working age (under 65) is set to fall.

For the 32 European countries under analysis we estimated the total cost of 
stroke to be €60 billion in 2017, of which €27 billion (45%) were incurred by 
European healthcare systems and a further €5 billion (8%) were incurred by 
European social care systems, representing an annual stroke care spend of 
€59 per capita in Europe. For the EU-28, the estimated total cost of stroke 
was €57 billion a year, of which €30 billion (52%) were incurred by EU health 
and social care systems, representing an annual stroke care spend of €57 
in the EU. The healthcare spend on stroke care represented 1.65% of the 
total healthcare budget for European healthcare systems, and 1.64% for 
those in the EU. 

Hospital inpatient care accounted for over 60% (€16 billion) of stroke 
related healthcare costs, followed by outpatient specialist care (€5 billion, 
18%), primary care (€3 billion 13%), pharmaceuticals (€1 billion, 5%) and 
emergency care (€919 million, 3%). However, these costs varied widely 
between countries. For example, in Cyprus, hospital care accounted for 11% 
of total healthcare costs (€1 million), with most stroke-related expenditure 
devoted to outpatient care and pharmaceuticals. By contrast, in Switzerland, 
86% of stroke-related healthcare costs were devoted to hospital care (€482 
million), with less than 10% (€43 million) of costs being devoted to primary, 
outpatient and emergency care. 

The results from our regression analyses indicate that per capita stroke-
related health and social care costs were significantly associated with 
increases in a nation’s wealth resulting in increased stroke-related costs. 
However, we found that even for countries with the same levels of national 
income, health and social care expenditure on stroke varied widely. For 
example, even though Germany’s (€39,600) and Belgium’s (€38,700) per 
capita GDP was similar in 2017,3 Germany’s expenditure on stroke-specific 
health and social care was nearly twice that for Belgium on a per capita basis 
(€113 vs. €68, respectively, adjusted for price differentials). We also observed 
a clear and significant linear trend between increases in overall healthcare 
expenditure and stroke-related health and social care expenditure, with each 
additional Euro of overall health expenditure per capita increasing stroke-
related care costs by €0.0135. 
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Although, cost differences between European countries can be partly 
explained by differences in GDP and system configuration (for example the 
number of inpatient days in Finland due to stroke was 98 per 1,000 in the 
population, compared with 17 in Spain), a better understanding is required 
of variations in health expenditures. Presenting data revealing differences in 
costs across countries should provide a solid foundation for further research 
and discussion, but we cannot in this study explain all the patterns revealed. 
For example, the differences in medication costs across countries could be 
explained by differences in the prices paid for the same medicines, higher 
volumes of drug consumption or differences in the types of drugs consumed. 
In turn, such differences may be related to price setting and reimbursement 
mechanisms, variations in clinical practice, or other factors. Future research 
may clarify these possible explanations. More generally, careful evaluation 
of expenditure decisions, within a clear cost-effectiveness framework, similar 
to that employed by NICE, might improve value-for-money and strengthen 
moves towards stronger evidence-based care across the Europe.235

We have estimated the costs of stroke for the EU over the last 15 years. 
In 2003 we estimated the total care costs of stroke to be €34 billion for the 
25 countries forming the EU at that time.4 These costs rose to €38 billion 
in 2009 (27 EU countries),236 and to a further €45 billion in 2015 (28 EU 
countries).237 In our current analysis, we found that for the EU-28 total costs 
of stroke were estimated at €57 billion for 2017. By using the same approach 
to estimate the costs of stroke over time, it is possible to reliably compare the 
economic burden of stroke over time, which are useful to decision makers 
and health policy planners, as they provide evidence that will be helpful 
when evaluating the impact of public health interventions to decrease the 
prevalence of stroke risk factors (for example obesity, salt intake, smoking, 
alcohol consumption, sedentary lifestyles). 

It is worth noting, however, that this is the first analysis to include the costs 
associated with long-term institutionalisation in a nursing/residential care 
home due to stroke. We have also been better able to fully utilise data in 
the SHARE database, to better capture the proportion of primary, outpatient 
and emergency care due to stroke. In previous analyses, in the main, this 
information was obtained using the assumption that the proportion of 
visits to primary, outpatient or emergency care would be the same as the 
proportion of hospital discharges due to stroke. Data from this analysis, 
does show, that for the great majority of countries, previous assumptions 
were underestimating the costs of primary, outpatient and emergency care 
in stroke. 

However, these costs are unlikely to remain stable over the next decades. 
It is undisputed that over the next decades significant demographic change 
will take place across Europe, as a result of decreasing birth rates for many 
countries, an ageing population, and, for many countries, a loss in the total 
population, particularly at a working age.238 Therefore, the number of people 
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having a stroke, living with it and dying from it will likely change, and with it, 
the economic costs associated with stroke. 

By 2040, in the 32 European countries under study, the population is 
projected to fall in 12 countries, and overall, to increase in Europe by just 
4%. However, due to demographic change, the number of those aged 85 
years and over is projected to increase by 89% by 2040. 

As a result, the projected number of people living with stroke will increase 
by 35% (from nine million in 2017 to 12 million in 2040), with all countries 
projected to see the number of prevalent cases increase by at least 10% 
(Lithuania) and up to a maximum of 94% (Luxembourg). Consequently, we 
estimated the costs of stroke to increase from €60 billion in 2017 to €75 
billion in 2030, €80 billion in 2035 and €86 billion in 2040. This means that, 
in just 13 years, the cost of strokes are projected to increase by 26%, and 
by 44% in 23 years’ time. 

Stroke-related healthcare costs are also projected to rise at a similar rate, 
increasing from €27 billion in 2017 to €33 billion in 2030, €35 billion in 
2035 and €37 billion in 2040. Therefore, stroke-related healthcare costs 
will increase by 23% in 2030, and by 39% in 2040. However, there is 
considerable variation on the rate of increase in stroke-related healthcare 
costs between countries. For example, while healthcare costs associated 
with stroke are projected to more than double by 2040 in Malta, in Lithuania 
and Bulgaria, stroke-related healthcare costs are projected to increase 
by less than 15%. Such differences are explained, in part, by the differing 
projected demographic change European countries will experience. Whereas 
the population of Malta is expected to grow by 10% between 2017 and 2040, 
and the number of those aged 85 years and over by 228%, in Lithuania the 
population will decrease by a quarter over the same time period, with the 
population 85 years and over increasing by 51%. 

As opposed to other categories of costs, productivity losses due to morbidity 
or mortality associated with stroke are projected to decrease, especially by 
2040. Mortality losses associated with premature death due to stroke will 
decrease from €6.2 billion in 2017 to €6.1 billion in 2030, and €6.0 billion in 
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2035 and 2040. This represents a decrease in costs of 4% between 2017 
and 2040. For morbidity losses, costs are projected to decrease from €6.3 
billion in 2017 to €6.2 billion in 2040 (a decrease of 1%). Such decreases 
are due to the overall projected reduction in the population aged 65 years 
or less (i.e. of work age) across the 32 European countries under study by 
2040. For example, in the four most populous countries in the EU, once the 
UK is no longer a member state, there will be considerable falls in the 
working age population. In Germany, the working age population is projected 
to decrease from 54 million in 2017 to 49 million in 2040 (9% decrease). In 
France, the projected decrease will be of 2% (42 million to 41 million, 
respectively), and in Italy and Spain it will be of 13% (Italy: 39 million to 34 
million, and Spain 31 million to 27 million). 

With stroke being strongly associated with age, the projected increases in the 
number of older people in Europe, will result in a higher number of people 
suffering a stroke and living with stroke in 2040. The resulting increase in the 
costs of stroke, as well as those of a wide array of conditions, 239 240 will result 
in additional costs being placed in already strained health and social care 
systems across Europe. 241 Therefore, European countries will have to invest 
in stroke interventions known to be cost-effective in order to halt the expected 
increase in costs and overall burden, whilst increasing health outcomes 
for the population. As a result, this study evaluated investments into three 
different interventions across the stroke pathway, mainly: prevention to 
reduce the likelihood of people suffering a stroke in the first place; acute 
treatment in order to minimise stroke damage to the brain and reduce the 
likelihood of disability; and rehabilitation to improve the quality of life of 
stroke survivors. 
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Overall, we found that:

•	routinely treating patients with known atrial fibrillation using 
warfarin or any of the new anticoagulant therapies; 

•	acutely treating non-minor ischaemic stroke patients with 
mechanical thrombectomy; 

•	providing rehabilitation in a community setting once stroke patients 
were discharged from hospital stroke patients 

would all be cost-effective at the European level generating increases in 
quality-adjusted life expectancy at levels found to be very good value for 
money. In addition, with the exception of NOACs, interventions would also 
generate substantial cost savings. 

In the case of anticoagulation therapy, we found that warfarin would yield 
substantial cost savings across Europe when compared to current practice. 
However, it would generate the lowest total number of QALY gains when 
compared with the four NOACs under study, with edoxaban and rivaroxaban 
being at the lower and upper range bound, respectively. On the other hand, 
routine use of warfarin was the only anticoagulant therapy that was found 
to be both more effective and less costly than current practice consistently 
across all the 32 countries under study. 

Except in six of the wealthier countries in Europe on a per capita basis (i.e. 
Germany, Switzerland, Norway, Finland, Luxembourg and Iceland), each 
of the four NOACs were estimated to be more costly than current practice. 
Although they were also found to be very cost-effective at the European level, 
for some Eastern European countries, in particular Bulgaria, full adoption 
of NOACs was not found to be cost-effective due to their high cost and the 
relative low national incomes, and therefore smaller healthcare budgets.

Acutely treating non-minor ischaemic patients with mechanical thrombectomy, 
as opposed to current standard care, was also found to consistently lead to 
higher quality-adjusted life expectancy across all 32 European countries. 
In addition, MT was found to generate both health, social care, and overall 
societal care cost savings across Europe overall. However, the costs of the 
intervention were not outweighed by savings of similar magnitude in health 
and social care costs in almost half the countries under study. Adopting 
NICE’s cost-effectiveness threshold (€22,727 per QALY gained), we found 
that MT was cost-effective when compared to current practice in all 32 
countries. Adopting a nation’s income as proxy for the cost-effectiveness 
threshold, we found that MT was cost-effective in all but one country 
(Bulgaria). 
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Although the impact of CB rehabilitation was modest on a given stroke patient, 
CB rehabilitation increased quality-adjusted life expectancy considerably at 
the population level given the high numbers of eligible patients. In addition, it 
was found to be cost-effective as opposed to standard care (i.e. rehabilitation 
in hospital settings) from a health and social care, and societal perspective 
in European countries, and in Europe overall. 

To the best of our knowledge, this is the first study to quantify the current 
and future projected costs of stroke, and to identify the impact of investing 
in promising cost-effective interventions to prevent, treat and help stroke 
patients in their rehabilitation across 32 European countries. We believe that 
our study will be of use to policy makers when assessing whether or not to 
make substantial cost commitments in stroke care. 

However, our study has a number of limitations. The precision of our study 
depends on the quality and availability of comparable stroke-related data 
across countries. Given the 32 countries under analyses, the eight major 
categories of cost examined, and the unit costs needed to value each 
resource use type, over 200 sources were consulted and utilised for this 
study. Our study encountered deficiencies in information on related resource 
use and unit costs. As stated above, the vast majority of countries report 
no data on the number of primary, outpatient and emergency care visits 
due to stroke. As a result, we had to make use of SHARE, a cross-national 
panel database of micro-data on health, socio-economic status and social 
and family networks. For this study we used data collected in Wave 2, 
Wave 4 and Wave 6 which included over 30,000 respondents resident in 
21 European countries (Austria, Belgium, Croatia, the Czech Republic, 
Denmark, Estonia, France, Germany, Greece, Hungary, Ireland, Italy, Israel, 
Luxembourg, the Netherlands, Poland, Portugal, Slovenia, Spain, Sweden 
and Switzerland). As a result, for countries not in SHARE, we had to combine 
data from similar countries that were in SHARE to obtain care estimates for 
the 11 remaining countries.

The costs for sick leave and early retirement due to incapacity did not include 
expenditure on sick leave benefits. One of the reasons was to avoid valuing 
the same spell of leave twice and another was that sick leave benefits are 
considered to be “transfer payments”. This means that they are neither 
a cost nor a gain to society as they represent a redistribution of income 
from the paying government to the stroke patient without any resource 
consumption (for example there is no exchange of services). Both UK and 
US guidelines caution against including these transfer payments in any 
economic analysis.242 243 Furthermore, our sick leave and early retirement 
costs were only estimated during the time it takes to replace a worker with 
another from the pool of unemployed, i.e. the friction period. An alternative 
would have been to value worker absence in terms of lost earnings without 
any adjustment, i.e. the human capital approach. However, as there is 
little consensus as to which approach is best,242 244 we adjusted for the 
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‘friction period’ to be consistent with previous work and allow meaningful 
comparisons with conditions such as cancer, blood disorders and dementia.5 

6 8 Nonetheless, in sensitivity analyses, we estimated that the total costs of 
cancer increased from €60 billion (using friction-adjusted costs) to €65 billion 
(using the human capital approach). 

Our estimates on the costs of stroke in 2017 are likely to be an underestimate. 
Some categories of healthcare costs, such as health education, public health 
activities, supportive treatments (for example anti-depressants, anxiolytics), 
home adaptations, and care provided outside the healthcare system (for 
example social worker visits, paid formal care, meals on wheels, and hospice 
care based outside hospitals) is not recorded in healthcare statistics. These 
categories of cost were not included because of data limitations and the 
inability to collect these data for all countries under study. Additional research 
is also necessary to assess the costs incurred by working people with stroke 
returning to their post but whose productivity is diminished because of illness.

Although our study projects the likely impact of stroke on healthcare 
and social care systems, as well as in the wider economy, as a result of 
demographic change taking place across Europe, a number of assumptions 
had to be made. Firstly, we assumed that age-gender-specific incidence 
and prevalence rates remained constant between 2017 and 2040. Although 
age- and gender-adjusted incidence rates of stroke have been declining 
over the last two decades,203 it is unclear if these declines will be maintained 
given the rise in obesity, diabetes and atrial-fibrillation related stroke.205 
Recent data also show that stroke incidence at younger ages is 
starting to increase.204 As a result, it remains a significant 
challenge to assess if recent overall decreases 
in age-specific incidence of stroke will 
be observed in the future.
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We also assumed that future mortality rates after stroke would remain the 
same as those observed in 2017. Although there is some evidence that stroke 
fatality has been improving over time,207 it is unclear how increased survival 
rates will impact functional ability, quality of life and therefore, subsequent 
care needs both from the health and social care systems, but also from 
friends and families. For example, it is unclear if future patients surviving a 
stroke who would have otherwise died, would become disabled and hence 
require increased levels of healthcare, social care and informal care. In 
addition, evidence from population-based cohort-studies using multiple 
methods of stroke ascertainment,203 the gold-standard when assessing the 
incidence and health outcomes after stroke,208 have not found evidence of 
improved survival one-year after stroke over the last decade.209 

Another important assumption for this study, is that we assumed that the 
probability of receiving informal care, and the hours of care received, after 
stroke will remain the same in the future as that observed in Work package 
1 using SHARE data.2 With predicted declines in the working age population 
it is unclear how the burden of caring by friends and family would be spread. 
For example, it might be the case that individuals of working age will have 
a higher burden of care placed on them. Alternatively, non-working age 
population could end up providing more care, with more of the burden of 
care being placed on spouses of relatively older stroke survivors. Or simply 
put, informal care is displaced by an increase in more formal care, with paid 
carers providing more of the care. 

In terms of the Markov models used to estimate the impact of stroke 
interventions at the population level, the precision of our findings depends 
on the quality and availability of data, as well as several assumptions made 
when building the models. The lack of effectiveness data that were directly 
applicable to each of the 32 European countries led to the assumption 
that the relative effects of the interventions were constant across Europe, 
i.e. no heterogeneity across countries. However, the relative effects of 
each intervention under evaluation were derived from head-to-head 
randomised clinical trials and meta-analysis of trials, where the control 
group represented current practice / standard care. Furthermore, given the 
lack of data, we assumed that anticoagulant, aspirin and MT (i.e. device, 
alteplase, consumables and tests) intervention costs were the same across 
all countries. We also assumed that the type and number of healthcare 
professionals needed to provide the MT and rehabilitation interventions 
were the same across all countries but were valued using country specific 
unit costs. 

The benefits and costs of the three interventions under evaluation were 
estimated over a five-year period which may not be long enough to reflect 
all important differences compared to current practice. In particular, the costs 
and benefits of the warfarin intervention are likely to be conservative, as 
we would expect its effect on the incidence of stroke to go beyond the five 
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year period. However, the intervention options were assessed each against 
current practice/standard care, and not against each other, hence limiting 
the ability to inform an economic decision where all these strategies were 
to be included as relevant alternative and mutually exclusive alternatives.

Differences in stroke-related healthcare resource use across the 32 
European countries were estimated by converting UK data from OXVASC 
using country-specific weights. The weights were based on aggregate-
level national data (for example number of inpatient days per capita for all 
diagnosis, number of inpatient days by hospital discharge with stroke) and 
represent only proxy measures for the real healthcare system differences 
across all European countries. Alternative approaches to estimating the 
country weights could have resulted in different estimates of costs per 
country. For example, adopting country weights adjusted by age group 
resulted in different societal cost savings. However, sensitivity analysis 
results showed that these alternative approaches were likely to lead to the 
same cost-effectiveness judgements. 

The lack of country-specific cost-effectiveness thresholds across many of 
the 32 European countries represented an additional challenge to determine 
the cost-effectiveness of the interventions under evaluation when there 
were no cost savings. We could expect that the willingness to pay for an 
additional QALY may vary across countries with values different from those 
adopted in our analysis. We used two different thresholds, England’s NICE 
threshold (€22,727 per QALY gained) and the country’s per capita GDP 
threshold, to determine the cost-effectiveness of each intervention across 
the 32 countries. However, the threshold value adopted only changed the 
cost-effectiveness conclusion in a minority of countries. 

Finally, it is relevant to quantify the decision uncertainty associated with 
each of the three interventions under study. However, we report only point 
estimates without measures of uncertainty. The quantification of decision 
uncertainty does presents a set of new challenges, such as how to aggregate 
the uncertainty about the several assumptions used in the analysis (for 
example country weights, constant relative effects across countries) with the 
uncertainty about the precision of the model inputs in a metric that is easily 
understandable to policy makers. In future work, we plan to undertake a 
series of scenario and probabilistic sensitivity analysis to better characterise 
the decision uncertainty across each country. 

In conclusion, our study provides a snapshot of the economic consequences 
posed by stroke to 32 European countries in 2017. It estimates that stroke 
costs these countries €60 billion a year, and together with the evidence we 
have gathered over the last 15 years,4 236 237 it would appear that the costs of 
stroke are rising over time, partly due to an ageing population, making the 
absolute number of people living with stroke increase throughout Europe. 
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This study has also projected that the costs of stroke in the 32 countries 
under study will increase by 44% between 2017 and 2040, with some 
countries seeing rises in stroke-related costs of nearly 100%. These 
projected increases will undoubtedly place a burden in already stretched 
health and social care systems, but also in the overall economy, with informal 
carers having to take greater responsibility for the care of stroke survivors. 
As a result, European countries will have to put interventions and policies 
in place to try and mitigate these cost increases, whilst also maximising the 
health outcomes and quality of life for stroke survivors. 

Finally, and in conclusion, our study provides an estimate of the costs and 
outcomes when investing in different interventions across three different 
points in the stroke pathway. In a context of increasing burden of stroke in 
Europe, it is recommended that European countries adopt:

•	anticoagulant therapy in known atrial fibrillation cases to prevent 
stroke in the first place;

•	mechanical thrombectomy in order to reduce both short- and 
long-term disability; 

•	community-based rehabilitation to improve stroke patients’ ability 
to perform activities of daily living. 

These three interventions will result, for the vast majority of European 
countries, in health, social care and societal cost savings as well as increases 
in quality-adjusted life expectancy. In addition, decisions about the choice 
of anticoagulant therapy to routinely prescribe, the individual wealth of a 
country should guide this decision as some therapies were not cost-effective 
in relatively less affluent Eastern European countries. 
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SAFE’S CONCLUSION
Accurate predictions about the future are notoriously difficult to make. But 
our research provides very strong indicators of the overall future costs of 
stroke and of the component parts of stroke care. We are confident that 
our findings are actually underestimates of the future cost of stroke, simply 
because there were areas of expenditure for which there is too little data. 
And we made sure that the assumptions we had to make in order to provide 
indicators of future costs were conservative. Those assumptions are fully 
documented in the full version of this report and in published and soon to 
be published research papers.

It is clear that the economic burden of stroke across the 32 countries we 
studied is huge. 

The total cost of stroke in these 32 countries was €60 billion in 2017. 

And the costs will rise over the next 20 years. Between 2017 and 2030 
overall costs of stroke are projected to rise by €25 per citizen. This goes 
up by €33 per citizen from 2017 to 2035 and €42 per citizen from 2017 to 
2040. The costs of stroke in the 32 countries under study are projected to 
increase by 44% between 2017 and 2040, with some countries seeing rises 
in stroke-related costs of nearly 100%. 

These projected increases will undoubtedly place a burden in already 
stretched health and social care systems, but also in the overall economy, 
with informal carers having to take greater responsibility for the care of stroke 
survivors. As a result, European countries will have to put interventions 
and policies in place to try and mitigate these cost increases, whilst also 
maximising the health outcomes and quality of life for stroke survivors. 

The results show that the amount of stroke-related health and social care 
costs in individual countries were significantly associated with that country’s 
wealth – the wealthier the country the more it spent on stroke. But even for 
countries with the same levels of national income, health and social care 
expenditure on stroke varied widely. More research is needed so we can 
better understand the reasons for this. What is clear, however, is that the 
costs effectiveness of different interventions is key. Careful evaluation of 
expenditure decisions, within a clear cost-effectiveness framework, similar 
to that employed by NICE, could improve value-for-money and strengthen 
moves towards stronger evidence-based care across the Europe.

We studied the economic impact of three specific interventions which already 
have a strong evidence base for their clinical effectiveness. All three – treating 
known atrial fibrillation patients with anti-coagulation, providing mechanical 
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thrombectomy in acute ischaemic stroke and providing community-based 
rehabilitation – would increase the number of extra years of good health 
across the population and have been shown to be costs effective in our 
study. In most cases they would save money. Clearly there is no good reason 
not to prioritise adopting these three interventions. 

Based upon our findings for these three interventions, SAFE believes that 
improving stroke care at all stages of the pathway, from prevention to life 
after stroke, would not only improve outcomes for people, but would also 
reduce the overall economic burden of stroke. Risk factors for stroke, such 
as high blood pressure and diabetes, are too often undetected; many stroke 
patients across Europe are still not getting access to acute stroke units, (let 
alone mechanical thrombectomy); and the economic impact of stroke on 
individuals and families can be devastating. 

We call on all countries across Europe to invest in better stroke care, 
believing this will be not just improve outcomes, but will be cost effective 
and will reduce the economic burden of stroke. 



AT WHAT COST – The Economic Impact of Stroke in Europe

109

REFERENCES
1. Institute of Health Metrics. Global Burden of Disease. http://www.healthdata.
org/gbd (accessed 14/05/2019).

2. Borsch-Supan A, Brandt M, Hunkler C, et al. Data Resource Profile: The Survey 
of Health, Ageing and Retirement in Europe (SHARE). International Journal of 
Epidemiology 2013 doi: 10.1093/ije/dyt088

3. European Commission. Eurostat: Your key to European Statistics. https://
ec.europa.eu/eurostat/data/database (accessed 07/05/2019).

4. Leal J, Luengo-Fernandez R, Gray A, et al. Economic burden of cardiovascular 
diseases in the enlarged European Union. European Heart Journal 2006;27:1610-
19.

5. Luengo-Fernandez R, Leal J, Gray A. Cost of dementia in the pre-enlargement 
countries of the European Union. Journal of Alzheimer’s Disease 2011;27:187-96.

6. Luengo-Fernandez R, Leal J, Gray A, et al. Economic burden of cancer across 
the European Union: a population-based cost analysis. . The Lancet Oncology 
2013;14:1165-74.

7. Leal J, Luengo-Fernandez R, Sullivan R, et al. Economic burden of bladder 
cancer across the European Union. European Urology 2016;69:438-47.

8. Burns R, Leal J, Sullivan R, et al. Economic burden of malignant blood 
disorders across Europe: a population-based cost analysis. Lancet Haematology 
2016;3:e362-e70.

9. Statistics Denmark. Emergency department visits by sex, age, region, time 
and diagnosis. www.statbank.dk/statbank5a/default.asp?w=1607 (accessed 
02/03/2018).

10. Eurohealth. Providing emergency medical care. http://www.lse.ac.uk/
LSEHealthAndSocialCare/pdf/eurohealth/EuroHealth-v21n4-LAYOUT-14Dec15-
webFinal.pdf (accessed 27/06/2018).

11. Institut Scientifique de Santé Publique. Consultations chez un médecin 
spécialiste. https://his.wiv-isp.be/fr/Documents%20partages/SP_FR_2013.pdf 
(accessed 09/01/2018).

12. Croatian Bureau of Statistics. 2016 Statistical Yearbook of the Republic 
of Croatia. https://www.dzs.hr/Hrv_Eng/ljetopis/2016/sljh2016.pdf (accessed 
01/03/2018).

http://www.healthdata.org/gbd
http://www.healthdata.org/gbd
http://10.1093/ije/dyt
https://ec.europa.eu/eurostat/data/database
https://ec.europa.eu/eurostat/data/database
http://www.statbank.dk/statbank5a/default.asp
http://www.lse.ac.uk/LSEHealthAndSocialCare/pdf/eurohealth/EuroHealth-v21n4-LAYOUT-14Dec15-webFinal.pdf
http://www.lse.ac.uk/LSEHealthAndSocialCare/pdf/eurohealth/EuroHealth-v21n4-LAYOUT-14Dec15-webFinal.pdf
http://www.lse.ac.uk/LSEHealthAndSocialCare/pdf/eurohealth/EuroHealth-v21n4-LAYOUT-14Dec15-webFinal.pdf
https://his.wiv-isp.be/fr/Documents
http://SP_FR_2013.pdf
https://www.dzs.hr/Hrv_Eng/ljetopis/2016/sljh2016.pdf


AT WHAT COST – The Economic Impact of Stroke in Europe

110

13. Herausgeber und Verleger: Hauptverband der österr. Sozialversicherungsträger. 
Statistisches Handbuch der österreichischen Sozialversicherung 2016. . http://
www.bva.at/cdscontent/load?contentid=10008.603361&version=1446133514 
(accessed 13/12/2017).

14. Institut Scientifique de Santé Publique. Contacts avec le médecin généraliste 
https://his.wiv-isp.be/fr/Documents%20partages/GP_FR_2013.pdf (accessed 
09/01/2018).

15. Hayes O, Novkov H. Emergency Health Services in Bulgaria. Am J Emerg 
Med 2002;20:122-25.

16. Statistical Service Republic of Cyprus. Health and Hospital 
S t a t i s t i c s  2 0 1 5 .  w w w. m o f . g o v. c y / m o f / c y s t a t / s t a t i s t i c s . n s f /
All/39FF8C6C587B26A6C22579EC002D5471/$file/HEALTH_HOSPITAL_
STATS-2015-280617.pdf?OpenElement (accessed 01/03/2018).

17. Czech Statistical Office. Statistical Yearbook of the Czech Republic - 2017. 
Social Security. https://www.czso.cz/csu/czso/25-social-security-pub0uzkabl 
(accessed 01/03/2018).

18. Cesky Statisticky Urad. Zdravotnická ročenka České republiky 2016. . http://
www.uzis.cz/katalog/rocenky/zdravotnicka-rocenka-ceske-republiky-1961-az-2013 
(accessed 02/03/2018).

19. Czech Statistical Office. Statistical Yearbook of the Czech Republic - 2014. 
https://www.czso.cz/csu/czso/320198-14-eng_r_2014-24 (accessed 02/03/2018).

20. Statistics Denmark. Contacts covered by the public health insurance by region, 
type of benefits, age, sex and socioeconomic status. www.statbank.dk/statbank5a/
default.asp?w=1607 (accessed 02/03/2018).

21. Statistics Denmark. Out-patient treatments by sex, age, diagnosis, region and 
time. www.statbank.dk/statbank5a/default.asp?w=1607 (accessed 02/03/2018).

22. Estonian Health Insurance Fund. Estonian Health Insurance Fund Yearbook 
2016. https://www.haigekassa.ee/sites/default/files/uuringud_aruanded/
haigekassa_eng_loplik.pdf (accessed 02/03/2018).

23. National Institute for Health and Welfare. Statistical information on welfare 
and health in Finland. https://www.sotkanet.fi/sotkanet/en/index? (accessed 
02/03/2018).

24. Institut de Recherche et Documentation en Economie de la Sante. Eco-Sante 
2016. http://www.ecosante.fr/index2.php?base=DEPA&langh=FRA&langs=FRA 
(accessed 27/03/2018).

http://www.bva.at/cdscontent/load?contentid=10008.603361&version=1446133514
http://www.bva.at/cdscontent/load?contentid=10008.603361&version=1446133514
https://his.wiv-isp.be/fr/Documents
http://GP_FR_2013.pdf
http://www.mof.gov.cy/mof/cystat/statistics.nsf/All
http://www.mof.gov.cy/mof/cystat/statistics.nsf/All
http://HEALTH_HOSPITAL_STATS-2015-280617.pdf
http://HEALTH_HOSPITAL_STATS-2015-280617.pdf
https://www.czso.cz/csu/czso/25
http://www.uzis.cz/katalog/rocenky/zdravotnicka
http://www.uzis.cz/katalog/rocenky/zdravotnicka
https://www.czso.cz/csu/czso/320198
http://www.statbank.dk/statbank5a/default.asp
http://www.statbank.dk/statbank5a/default.asp
http://www.statbank.dk/statbank5a/default.asp
https://www.haigekassa.ee/sites/default/files/uuringud_aruanded/haigekassa_eng_loplik.pdf
https://www.haigekassa.ee/sites/default/files/uuringud_aruanded/haigekassa_eng_loplik.pdf
https://www.sotkanet.fi/sotkanet/en/index
http://www.ecosante.fr/index2.php?base=DEPA&langh=FRA&langs=FRA


AT WHAT COST – The Economic Impact of Stroke in Europe

111

25. Ministere des Affaires sociales et de la sante. Enquête nationale sur les 
structures des urgences hospitalières, juin 2013. http://drees.social-sante.gouv.
fr/etudes-et-statistiques/open-data/etablissements-de-sante-sociaux-et-medico-
sociaux/article/enquete-nationale-sur-les-structures-des-urgences-hospitalieres-
juin-2013 (accessed 27/03/2018).

26. Hellenic Statistical Authority. Health Interview Survey (HIS) / 2014. http://www.
statistics.gr/en/statistics/-/publication/SHE22/- (accessed 27/03/2018).

27. Hungarian Central Statistical Office. Number of Consultations of GPs and family 
paediatricians. http://statinfo.ksh.hu/Statinfo/haViewer.jsp (accessed 27/03/2018).

28. National Health Insurance Fund Administration. Statistical Yearbook 2016. 
http://site.oep.hu/statisztika/2016/html/eng/A2.html (accessed 27/03/2018).

29. National Health Insurance Fund Administration. Orszagos Egeszsegbiztositasi 
Penztar,  Annual Report  2010. http: / /www.oep.hu/portal /page?_
pageid=34,35856,34_37948182&_dad=portal&_schema=PORTAL (accessed 
27/03/2018).

30. Icelandic Directorate of Health. Primary healthcare. https://www.landlaeknir.is/
english/statistics/health-care-services/primary-health-care/ (accessed 04/07/2018).

31. Statistics Iceland. Contacts with specialists. http://px.hagstofa.is/pxen/pxweb/
en/Samfelag/Samfelag__heilbrigdismal__heilbrigdisthjonusta/HEI04312.px/table/
tableViewLayout1/?rxid=7181cd32-5511-4373-b4e6-befb1c473c84 (accessed 
04/07/2018).

32. Health Service Executive. Key performance indicator: Metadata 2016. http://
www.hse.ie/eng/services/publications/KPIs/Acute%20Hospitals%20KPI%20
Metadata%202016.pdf (accessed 01/05/2018).

33. Central Bureau of Statistics. Visits to physicians during one year, by age, 
sex and socio-demographic characteristics. http://www.cbs.gov.il/publications13/
health_survey09_1500/pdf/t01_1.pdf (accessed 03/09/2018).

34. OECD. OECD Health Statistics 2018. http://www.oecd.org/els/health-systems/
health-data.htm (accessed 07/05/2019).

35. Istituto nazionale di statistica. Struttura e attività degli istituti di cura. http://
www.istat.it/it/archivio/47158 (accessed 21/05/2018).

36. Nacionālais veselības dienests. VĒSTIS Nr. 25. http://www.vmnvd.gov.lv/
uploads/files/5a72ebdca48e8.pdf (accessed 01/05/2018).

http://drees.social-sante.gouv.fr/etudes-et-statistiques/open-data/etablissements-de-sante-sociaux-et-medico-sociaux/article/enquete
http://drees.social-sante.gouv.fr/etudes-et-statistiques/open-data/etablissements-de-sante-sociaux-et-medico-sociaux/article/enquete
http://drees.social-sante.gouv.fr/etudes-et-statistiques/open-data/etablissements-de-sante-sociaux-et-medico-sociaux/article/enquete
http://www.statistics.gr/en/statistics/-/publication/SHE22
http://www.statistics.gr/en/statistics/-/publication/SHE22
http://statinfo.ksh.hu/Statinfo/haViewer.jsp
http://site.oep.hu/statisztika/2016/html/eng/A2.html
http://www.oep.hu/portal/page?_pageid=34,35856,34_37948182&_dad=portal&_schema=PORTAL
http://www.oep.hu/portal/page?_pageid=34,35856,34_37948182&_dad=portal&_schema=PORTAL
https://www.landlaeknir.is/english/statistics/health-care-services/primary
https://www.landlaeknir.is/english/statistics/health-care-services/primary
http://px.hagstofa.is/pxen/pxweb/en/Samfelag/Samfelag__heilbrigdismal__heilbrigdisthjonusta/HEI04312.px/table/tableViewLayout1/?rxid=7181cd32-5511-4373-b4e6-befb1c473c84
http://px.hagstofa.is/pxen/pxweb/en/Samfelag/Samfelag__heilbrigdismal__heilbrigdisthjonusta/HEI04312.px/table/tableViewLayout1/?rxid=7181cd32-5511-4373-b4e6-befb1c473c84
http://px.hagstofa.is/pxen/pxweb/en/Samfelag/Samfelag__heilbrigdismal__heilbrigdisthjonusta/HEI04312.px/table/tableViewLayout1/?rxid=7181cd32-5511-4373-b4e6-befb1c473c84
http://www.hse.ie/eng/services/publications/KPIs/Acute
http://www.hse.ie/eng/services/publications/KPIs/Acute
http://202016.pdf
http://www.cbs.gov.il/publications13/health_survey09_1500/pdf/t01_1.pdf
http://www.cbs.gov.il/publications13/health_survey09_1500/pdf/t01_1.pdf
http://www.oecd.org/els/health-systems/health-data.htm
http://www.oecd.org/els/health-systems/health-data.htm
http://www.istat.it/it/archivio/47158
http://www.istat.it/it/archivio/47158
http://www.vmnvd.gov.lv/uploads/files/5a72ebdca48e8.pdf
http://www.vmnvd.gov.lv/uploads/files/5a72ebdca48e8.pdf


AT WHAT COST – The Economic Impact of Stroke in Europe

112

37. Centrala statistikas parvalde. 2016 Statistical Yearbook of Latvia. http://www.
csb.gov.lv/sites/default/files/nr_01_latvijas_statistikas_gadagramata_2016_
statistical_yearbook_of_latvia_16_00_lv_en_0.pdf (accessed 01/05/2018).

38. Lithuanian Ministry of Health. Health Statistics of Lithuania. http://hi.lt/html/en/
health_statistic.htm (accessed 09/05/2018).

39. Lietuvo Statistikos Deparamentas. Number of persons who received emergency 
medical care. https://osp.stat.gov.lt/statistiniu-rodikliu-analize?theme=all#/ 
(accessed 09/05/2018).

40. Ministere de la Securite Sociale. Rapport général 2017 sur la sécurité 
sociale. http://www.statistiques.public.lu/fr/actualites/conditions-sociales/sante-
secu/2017/12/20171204/index.html (accessed 07/06/2018).

41. National Statistics Office. Social Protection: Malta and the EU 2015. https://
nso.gov.mt/en/publicatons/Publications_by_Unit/Documents/A2_Public_Finance/
Social-Protection-Malta-and-the-EU-2015.pdf (accessed 07/06/2018).

42. Centraal Bureau voor de Statistiek. Health and health care; personal 
characteristics. https://opendata.cbs.nl/statline/#/CBS/en/dataset/83005ENG/
table?ts=1528365983132 (accessed 07/06/2018).

43. Gaakeer MI, van den Brand CL, Veugelers R, et al. Inventarisatie van SEH-
bezoeken en zelfverwijzers. https://www.ntvg.nl/artikelen/inventarisatie-van-seh-
bezoeken-en-zelfverwijzers/extended_abstract (accessed 24/01/2017).

44. Statistics Norway. General practitioners consultations, by age, sex, diagnosis, 
contents and year. https://www.ssb.no/en/statbank/table/10141/tableViewLayout1/ 
(accessed 04/07/2018).

45. Statistics Norway. Patients, discharges and bed-days at general hospitals, by 
region, sex, age, diagnosis: Chapter in ICD-10, contents and year. https://www.
ssb.no/en/statbank/table/10261/tableViewLayout1/ (accessed 04/07/2018).

46. Statistics Norway. Emergency primary health care consultations, by age, 
sex, diagnosis, contents and year. https://www.ssb.no/en/statbank/table/10903/
tableViewLayout1/ (accessed 04/07/2018).

47. Central Statistical Office. Local Data Bank. https://bdl.stat.gov.pl/BDL/dane/
podgrup/temat (accessed 10/04/2018).

48. Instituto Nacional de Estatistica. Medical appointments in external 
appointments of hospitals. https://inept/xportal/xmain?xpid=INE&xpgid=ine_
indicadores&indOcorrCod=0008105&contexto=bd&selTab=tab2 (accessed 
11/06/2018).

http://www.csb.gov.lv/sites/default/files/nr_01_latvijas_statistikas_gadagramata_2016_statistical_yearbook_of_latvia_16_00_lv_en_0.pdf
http://www.csb.gov.lv/sites/default/files/nr_01_latvijas_statistikas_gadagramata_2016_statistical_yearbook_of_latvia_16_00_lv_en_0.pdf
http://www.csb.gov.lv/sites/default/files/nr_01_latvijas_statistikas_gadagramata_2016_statistical_yearbook_of_latvia_16_00_lv_en_0.pdf
http://hi.lt/html/en/health_statistic.htm
http://hi.lt/html/en/health_statistic.htm
http://www.statistiques.public.lu/fr/actualites/conditions-sociales/sante-secu/2017/12/20171204/index.html
http://www.statistiques.public.lu/fr/actualites/conditions-sociales/sante-secu/2017/12/20171204/index.html
https://nso.gov.mt/en/publicatons/Publications_by_Unit/Documents/A2_Public_Finance/Social-Protection-Malta-and-the-EU-2015.pdf
https://nso.gov.mt/en/publicatons/Publications_by_Unit/Documents/A2_Public_Finance/Social-Protection-Malta-and-the-EU-2015.pdf
https://nso.gov.mt/en/publicatons/Publications_by_Unit/Documents/A2_Public_Finance/Social-Protection-Malta-and-the-EU-2015.pdf
https://www.ntvg.nl/artikelen/inventarisatie-van-seh-bezoeken-en-zelfverwijzers/extended_abstract
https://www.ntvg.nl/artikelen/inventarisatie-van-seh-bezoeken-en-zelfverwijzers/extended_abstract
https://www.ssb.no/en/statbank/table/10141/tableViewLayout1
https://www.ssb.no/en/statbank/table/10261/tableViewLayout1
https://www.ssb.no/en/statbank/table/10261/tableViewLayout1
https://www.ssb.no/en/statbank/table/10903/tableViewLayout1
https://www.ssb.no/en/statbank/table/10903/tableViewLayout1
https://bdl.stat.gov.pl/BDL/dane/podgrup/temat
https://bdl.stat.gov.pl/BDL/dane/podgrup/temat
https://inept/xportal/xmain?xpid=INE&xpgid=ine_indicadores&indOcorrCod=0008105&contexto=bd&selTab=tab2
https://inept/xportal/xmain?xpid=INE&xpgid=ine_indicadores&indOcorrCod=0008105&contexto=bd&selTab=tab2


AT WHAT COST – The Economic Impact of Stroke in Europe

113

49. Vlãdescu C, Scîntee SG, Olsavszky V, et al. Romania: Health system review. 
Health Systems in Transition 2016;18:1-170.

50. National Institute of Statistics. Romanian Statistical Yearbook. http://www.
insse.ro/cms/sites/default/files/field/publicatii/anuar_statistic_al_romaniei_2016_
format_carte_0.pdf (accessed 12/06/2018).

51. Narodne Centrum Zdravonickych Informacii. Health Statistics Yearbook of the 
Slovak Republic. http://www.nczisk.sk/Documents/rocenky/2016/Zdravotnicka_
rocenka_Slovenskej_republiky_2016.pdf (accessed 25/06/2018).

52. Nacionalni inštitut za javno zdravje. Zdravstveni statistični letopis 2016. 
http://www.nijz.si/sl/publikacije/zdravstveni-statisticni-letopis-2016 (accessed 
09/04/2018).

53. Ministerio de Sanidad SSeI. Sistema de Informacion de Atencion Primaria. 
http://pestadistico.inteligenciadegestion.msssi.es/publicoSNS/comun/ArbolNodos.
aspx?idNodo=6397 (accessed 27/02/2018).

54. Ministerio de Sanidad SSeI. Actividad Asistencial. http://pestadistico.
inteligenciadegestion.msssi.es/publicoSNS/comun/ArbolNodos.
aspx?idNodo=14032 (accessed 27/02/2018).

55. Statistics Sweden. Statistical Yearbook of Sweden 2014. http://www.scb.se/
Statistik/_Publikationer/OV0904_2014A01_BR_20_A01BR1401.pdf (accessed 
19/06/2018).

56. Sveriges Kommuner och Landsting. KPP database somatically specialized 
care. https://statva.skl.se/KPP_somatik_publik.html (accessed 19/06/2018).

57. Federal Statistical Office. Swiss Health Survey. https://www.bfs.admin.ch/bfs/
en/home/statistics/catalogues-databases/publications.assetdetail.349060.html 
(accessed 04/07/2018).

58. Sanchez B, Hirzel AH, Bingisser R, et al. State of emergency medicine in 
Switzerland: a national profile of emergency departments in 2006. Int J Emerg 
Med 2013;6:23.

59. Shaha M, Gmur S, Schoenenberger AW, et al. Trends and characteristics of 
attendance at the emergency department of a Swiss university hosptial: 2002-
2012. Swiss Med Wkly 2015;145:w14141.

60. Hobbs R, Bankhead C, Mukhtar T, et al. Clinical workload in Uk primary care: 
a retrospective analysis of 100 million consultations in England 2007-14. Lancet 
2014;387:2323-30.

http://www.insse.ro/cms/sites/default/files/field/publicatii/anuar_statistic_al_romaniei_2016_format_carte_0.pdf
http://www.insse.ro/cms/sites/default/files/field/publicatii/anuar_statistic_al_romaniei_2016_format_carte_0.pdf
http://www.insse.ro/cms/sites/default/files/field/publicatii/anuar_statistic_al_romaniei_2016_format_carte_0.pdf
http://www.nczisk.sk/Documents/rocenky/2016/Zdravotnicka_rocenka_Slovenskej_republiky_2016.pdf
http://www.nczisk.sk/Documents/rocenky/2016/Zdravotnicka_rocenka_Slovenskej_republiky_2016.pdf
http://www.nijz.si/sl/publikacije/zdravstveni
http://pestadistico.inteligenciadegestion.msssi.es/publicoSNS/comun/ArbolNodos.aspx?idNodo=6397
http://pestadistico.inteligenciadegestion.msssi.es/publicoSNS/comun/ArbolNodos.aspx?idNodo=6397
http://pestadistico.inteligenciadegestion.msssi.es/publicoSNS/comun/ArbolNodos.aspx?idNodo=14032
http://pestadistico.inteligenciadegestion.msssi.es/publicoSNS/comun/ArbolNodos.aspx?idNodo=14032
http://pestadistico.inteligenciadegestion.msssi.es/publicoSNS/comun/ArbolNodos.aspx?idNodo=14032
http://www.scb.se/Statistik/_Publikationer/OV0904_2014A01_BR_20_A01BR1401.pdf
http://www.scb.se/Statistik/_Publikationer/OV0904_2014A01_BR_20_A01BR1401.pdf
https://statva.skl.se/KPP_somatik_publik.html
https://www.bfs.admin.ch/bfs/en/home/statistics/catalogues-databases/publications.assetdetail.349060.html
https://www.bfs.admin.ch/bfs/en/home/statistics/catalogues-databases/publications.assetdetail.349060.html


AT WHAT COST – The Economic Impact of Stroke in Europe

114

61. ISD Scotland. GP consultations/Practice team information statistics. http://
www.isdscotland.org/Health-Topics/General-Practice/GP-consultations/ (accessed 
19/06/2018).

62. StatsWales. Outpatient attendances by organisation and site. https://statswales.
gov.wales/Catalogue/Health-and-Social-Care/NHS-Hospital-Activity/Outpatient-
Activity/outpatient-attendances-by-organisation-site (accessed 19/06/2018).

63. NHS Digital. Hospital outpatient activity. https://digital.nhs.uk/data-and-
information/publications/statistical/hospital-outpatient-activity (accessed 
19/06/2018).

64. Department of Health. Hospital statistics: outpatient activity statistics 2016/17. 
https://www.health-ni.gov.uk/publications/hospital-statistics-outpatient-activity-
statistics-201617 (accessed 19/06/2018).

65. ISD Scotland. Outpatients. http://www.isdscotland.org/Health-Topics/Finance/
Costs/Detailed-Tables/Speciality-Costs/Outpatients.asp (accessed 19/06/2018).

66. NHS Digital. Hospital Accident and Emergency Activity. https://digital.nhs.
uk/data-and-information/publications/statistical/hospital-accident--emergency-
activity/2016-17 (accessed 19/06/2018).

67. Department of Health. Northern Ireland Hospital Statistics: Emergency Care 
(2016/17). https://www.health-ni.gov.uk/news/northern-ireland-hospital-statistics-
emergency-care-201617 (accessed 19/06/2018).

68. NHS Digital. Hospital Admitted Patient Care. https://digital.nhs.uk/data-and-
information/publications/statistical/hospital-admitted-patient-care-activity/2016-17 
(accessed 19/06/2018).

69. Johansson G, Andeasson EB, Larsson PE, et al. Cost effectiveness on 
budesonide/normoterol nor maintenance and reliever therapy versus salmeterol/
nluticasone plus salbutamol in the treatment on asthma. . Pharmacoeconomics 
2006;24:695-708.

70. INAMI. Tarifs des medecins a partir du 1er janvier 2018 (partie02). http://www.
riziv.fgov.be/SiteCollectionDocuments/tarif_medecins_partie01_20180101.pdf 
(accessed 09/01/2018).

71. INAMI. Cellule Technique de traitement de données relatives aux hôpitaux. 
https://tct.fgov.be/webetct/etct-web/html/fr/index.jsp (accessed 10/01/2018).

72. Jukic V, Jakovljevic M, Filipcic I, et al. Cost-utility analysis of depot atypical 
antipsychotics for chronic schizophrenia in Croatia. Value in Health 2013;2:181-88.

http://www.isdscotland.org/Health-Topics/General-Practice/GP
http://www.isdscotland.org/Health-Topics/General-Practice/GP
https://statswales.gov.wales/Catalogue/Health-and-Social-Care/NHS-Hospital-Activity/Outpatient-Activity/outpatient
https://statswales.gov.wales/Catalogue/Health-and-Social-Care/NHS-Hospital-Activity/Outpatient-Activity/outpatient
https://statswales.gov.wales/Catalogue/Health-and-Social-Care/NHS-Hospital-Activity/Outpatient-Activity/outpatient
https://digital.nhs.uk/data-and-information/publications/statistical/hospital
https://digital.nhs.uk/data-and-information/publications/statistical/hospital
https://www.health-ni.gov.uk/publications/hospital
http://www.isdscotland.org/Health-Topics/Finance/Costs/Detailed-Tables/Speciality-Costs/Outpatients.asp
http://www.isdscotland.org/Health-Topics/Finance/Costs/Detailed-Tables/Speciality-Costs/Outpatients.asp
https://digital.nhs.uk/data-and-information/publications/statistical/hospital-accident--emergency-activity/2016
https://digital.nhs.uk/data-and-information/publications/statistical/hospital-accident--emergency-activity/2016
https://digital.nhs.uk/data-and-information/publications/statistical/hospital-accident--emergency-activity/2016
https://www.health-ni.gov.uk/news/northern
https://digital.nhs.uk/data-and-information/publications/statistical/hospital-admitted-patient-care-activity/2016
https://digital.nhs.uk/data-and-information/publications/statistical/hospital-admitted-patient-care-activity/2016
http://www.riziv.fgov.be/SiteCollectionDocuments/tarif_medecins_partie01_20180101.pdf
http://www.riziv.fgov.be/SiteCollectionDocuments/tarif_medecins_partie01_20180101.pdf
https://tct.fgov.be/webetct/etct-web/html/fr/index.jsp


AT WHAT COST – The Economic Impact of Stroke in Europe

115

73. Ministry of Health. Revision of Healthcare Scheme in Public 
Hospitals from 1/8/2013. https:/ /www.moh.gov.cy/Moh/MOH.nsf/
All/9708963BBC895E4FC2257BAD0045791A?OpenDocument&highlight=charges 
(accessed 01/03/2018).

74. Ministry of Health. Price charges. http://www.moh.gov.cy/Moh/moh.nsf/price_
charges_en/price_charges_en?OpenDocument (accessed 01/03/2018).

75. Petrou P, Talias MA. A pilot study to assess feasibility of value based pricing in 
Cyprus through pharmacoeconomic modelling and assessment of its operational 
framework: sorafenib for second line renal cell cancer. . Cost Effectiveness and 
Resource Allocation 2014;12

76. Statistics Denmark. Public health insurance expenses by socioeconomic status, 
sex, age, region, time and type of benefits. www.statbank.dk/statbank5a/default.
asp?w=1607 (accessed 02/03/2018).

77. Nielsen R, Kankaanranta H, Bjermer L, et al. Cost effectiveness of adding 
budesonide/formoterol to tiotropium in COPD in four Nordic countries. Respiratory 
Medicine 2013;107:1709-21.

78. Heinonen J, Koskela TH, Soini E, et al. Primary-care-based episodes of care 
and their costs in a three-month follow-up in Finland. Scandinavian Journal of 
Primary Health Care 2015;33:283-90.

79. Mattila A, Mrena J, Kellokumpu I. Cost-analysis and effectiveness of one-
stage laparoscopic versus two-stage endolaparoscopic management of 
cholecystocholedocholithiasis: a retrospective cohort study. BMC Surgery 
2017;17:79.

80. de Zelicourt M, de Toffol B, Vespignani H, et al. Management of focal epilepsy 
in adults treated with polytherapy in France: The direct cost of drug resistance 
(ESPERA study). Seizure 2014;23:349-56.

81. Linde M, Gustavsson A, Stovner LJ, et al. The cost of headache disorders in 
Europe: the Eurolight project. European Journal of Neurology 2012;19:703-43.

82. Ulrich S, Holle R, Wacker M, et al. Cost burden of type 2 diabetes in Germany: 
results from the population-based KORA studies. BMJ Open 2016 doi: 012527

83. Gesundheitsberichterstattung des Bundes. Cost of illness in millions of Euro for 
Germany. http://www.gbe-bund.de/oowa921-install/servlet/oowa/aw92/WS0100/_
XWD_PROC?_XWD_406/4/XWD_CUBE.DRILL/_XWD_434/D.946/14497 
(accessed 27/02/2018).

https://www.moh.gov.cy/Moh/MOH.nsf/All/9708963BBC895E4FC2257BAD0045791A?OpenDocument&highlight=charges
https://www.moh.gov.cy/Moh/MOH.nsf/All/9708963BBC895E4FC2257BAD0045791A?OpenDocument&highlight=charges
http://www.moh.gov.cy/Moh/moh.nsf/price_charges_en/price_charges_en?OpenDocument
http://www.moh.gov.cy/Moh/moh.nsf/price_charges_en/price_charges_en?OpenDocument
http://www.statbank.dk/statbank5a/default.asp
http://www.statbank.dk/statbank5a/default.asp
http://www.gbe-bund.de/oowa921-install/servlet/oowa/aw92/WS0100/_XWD_PROC?_XWD_406
http://www.gbe-bund.de/oowa921-install/servlet/oowa/aw92/WS0100/_XWD_PROC?_XWD_406
http://XWD_CUBE.DRILL


AT WHAT COST – The Economic Impact of Stroke in Europe

116

84. Syriopoulou V, Kafetzis D, Theodoridou M, et al. Evaluation of potential medical 
and economic benefits of universal rotavirus vaccination in Greece Acta Paediatrica 
2011;100:732-39.

85. Athanaskis K, Ollandezos M, Angeli A, et al. Estimating the direct cost of type 2 
diabetes in Greece: the effects of blood glucose regulation on patient cost. Diabetic 
Medicine 2012;27:679-84.

86. Statistics Iceland. Statistical Yearbook of Iceland. http://issuu.com/hagstofa/
docs/landshagir2012_lowres?e=7193385/5082887 (accessed 04/07/2018).

87. Sigurgeirsdottir S, Waagfjoro J, Maresso A. Iceland: Health System Review. 
WHO Health Syst Transit 2014;16:1-182.

88. The Economic and Social Research Institute. Economic Evaluation of Palliative 
Care in Ireland (2015). https://www.esri.ie/publications/economic-evaluation-
of-palliative-care-in-ireland-economic-evaluation-of-palliative-care-in-ireland/ 
(accessed 01/05/2018).

89. Morgan RB, McCullagh L, Dally BC. The cost of inpatient management of heart 
failure patients: a microcosting study in the Irish healthcare setting. Irish Journal 
of Medical Science 2017;186:293-303.

90. Ginsberg GM, Block C, Stein-Zamir C. Cost-utility analysis of a nationwide 
vaccination programme against serogroup B meningococcal disease in Israel. 
International Journal of Public Health 2016;61:683-92.

91. Lithuanian Ministry of Health. Health Statistics of Lithuania 2015. http://sic.
hi.lt/data/la2015.pdf (accessed 09/05/2018).

92. Caisse Nationale de Sante. Version Coordonnee au 01.01.2018 de la 
nomenclature des actes et services des medecins, medecins-dentistes et tarifs 
aplicables. http://cns.public.lu/content/dam/cns/legislations/texte-coordonne/livre-
bleu/livre-bleu-01012018.pdf (accessed 07/06/2018).

93. Polinder S, Toet H, Mulder S, et al. APOLLO: The economic consequences 
of injury. http://www.euroipn.org/apollo/reports/WP2.1Annex%2012%20Final%20
report%20on%20The%20economic%20consequences%20of%20injury,%2006%20
October%202008.pdf (accessed 07/06/2018).

94. Buisman LR, Tan SS, Kodstaal PJ, et al. Hospital costs of ischemic stroke and 
TIA in the Netherlands. Neurology 2015;84:2208-15.

95. Werner EL, Storheim K, Lochting I, et al. Cognitive patient education for 
low back pain in primary care: a cluster randomized controlled trial and cost-
effectiveness analysis. Spine 2016;41:455-62.

http://issuu.com/hagstofa/docs/landshagir2012_lowres?e=7193385
http://issuu.com/hagstofa/docs/landshagir2012_lowres?e=7193385
https://www.esri.ie/publications/economic
http://sic.hi.lt/data/la2015.pdf
http://sic.hi.lt/data/la2015.pdf
http://cns.public.lu/content/dam/cns/legislations/texte-coordonne/livre-bleu/livre-bleu-01012018.pdf
http://cns.public.lu/content/dam/cns/legislations/texte-coordonne/livre-bleu/livre-bleu-01012018.pdf
http://www.euroipn.org/apollo/reports/WP2.1Annex
http://202008.pdf


AT WHAT COST – The Economic Impact of Stroke in Europe

117

96. Statistics Norway. Health expenditure by source of funding, function of care, 
contents and year. https://www.ssb.no/en/statbank/table/10811/tableViewLayout1/ 
(accessed 04/07/2018).

97. Kobelt G, Eriksson J, Phillips G, et al. The burden of multiple sclerosis 2015: 
Methods of data collection, assessment and analysis of costs, quality of life and 
symptoms. Multiple Sclerosis Journal 2017;23:4-16.

98. Wyoscki J, Malecka I, Stryczynska-Kazubska J, et al. Varicella in Poland: 
economic burden in children 1-12 years of age in Poland 2010-2015. BMC Public 
Health 2018;18:410.

99. Portaria N. 234/2015. Diario da Republica N. 153/2015, Serie I de 2015-08-07. 
https://dre.pt/application/file/69965783 (accessed 12/06/2018).

100. Ministerio da Saude. Base de Dados dos Elementos Analiticos (BDEA). http://
www2.acss.min-saude.pt/bdea/ (accessed 11/06/2018).

101. World Health Organization. Country-specific unit costs. http://www.who.int/
choice/country/country_specific/en/ (accessed 12/06/2018).

102. Generalitat de Catalunya. SLT/30/2013, de 20 de febrer, per la qual s’aproven 
els preus públics del Servei Català de la Salut. http://portaldogc.gencat.cat/
utilsEADOP/PDF/6323/1286874.pdf (accessed 27/02/2018).

103. Ministerio de Sanidad SSeI. Diagnósticos Principales. http://pestadistico.
inteligenciadegestion.msssi.es/publicoSNS/comun/ArbolNodos.aspx?idNodo=6386 
(accessed 27/02/2018).

104.  Sver iges Kommuner och Landst ing.  Stat is t ik  om hälso- 
och  s jukvård  samt  reg iona l  u tveck l ing  2016.  h t tps : / /sk l .se /
download/18.2ec0a40816106217d5cb1641/1516799268845/Statistik-om%20
halso-och%20sjukv%C3%A5rd-samt-%20regional-utveckling-2016.pptx (accessed 
19/06/2018).

105. Wieser S, Ruthemann I, De Boni S, et al. Cost of acute coronary syndrome 
in Switzerland in 2008. Swiss Medical Weekly 2012;142:w13655.

106. Personal Social Services Research Unit. Unit costs of health and social care. 
https://www.pssru.ac.uk/project-pages/unit-costs/ (accessed 19/06/2018).

107. NHS Improvement. Reference costs. https://improvement.nhs.uk/resources/
reference-costs/ 

108. Bulgarian Drug Agency. Annual Activity Report 2011 http://www.bda.bg/images/
stories/documents/annual_reports/doclad_2011.pdf (accessed 01/03/2018).

https://www.ssb.no/en/statbank/table/10811/tableViewLayout1
https://dre.pt/application/file/69965783
http://www2.acss.min-saude.pt/bdea
http://www2.acss.min-saude.pt/bdea
http://www.who.int/choice/country/country_specific/en
http://www.who.int/choice/country/country_specific/en
http://portaldogc.gencat.cat/utilsEADOP/PDF/6323/1286874.pdf
http://portaldogc.gencat.cat/utilsEADOP/PDF/6323/1286874.pdf
http://pestadistico.inteligenciadegestion.msssi.es/publicoSNS/comun/ArbolNodos.aspx?idNodo=6386
http://pestadistico.inteligenciadegestion.msssi.es/publicoSNS/comun/ArbolNodos.aspx?idNodo=6386
https://skl.se/download/18.2ec0a40816106217d5cb1641/1516799268845/Statistik
https://skl.se/download/18.2ec0a40816106217d5cb1641/1516799268845/Statistik
http://20regional-utveckling-2016.pptx
https://www.pssru.ac.uk/project-pages/unit
https://improvement.nhs.uk/resources/reference
https://improvement.nhs.uk/resources/reference
http://www.bda.bg/images/stories/documents/annual_reports/doclad_2011.pdf
http://www.bda.bg/images/stories/documents/annual_reports/doclad_2011.pdf


AT WHAT COST – The Economic Impact of Stroke in Europe

118

109. Agencija za lijekove I medicinske proizvode. Potrošnja lijekova u Hrvatskoj 
2012 - 2016. www.halmed.hr/fdsak3jnFsk1Kfa/publikacije/Potrosnja-lijekova-u-
RH_2012-2016.pdf (accessed 01/03/2018).

110. Golna C, Pashardes P, Allin S, et al. Health care systems in transition: 
Cyprus. Copenhagen: WHO Regional Office for Europe on behalf of the European 
Observatory on Health Systems and Policies, 2004.

111. Latvian State Agency of Medicines. Baltic Statistics on Medicines 2013-
2015. http://www.ravimiamet.ee/sites/default/files/documents/publications/baltic_
statistics_on_medicines_2013_2015/index.html#/4 (accessed 21/05/2018).

112. Kuszewski K, Sobczack A, Gorynski P, et al. Poland: Health Systems in 
Transition Summary. http://www.euro.who.int/__data/assets/pdf_file/0004/98869/
E88670sum.pdf (accessed 06/01/2017).

113. Paris V, Renaud T, Sermet C. Des comptes de la sante par pathologie: 
un prototype pour l’annee 1998. http://www.irdes.fr/Publications/Rapports2003/
rap1480.pdf. (accessed 27/03/2018).

114. Centraal Bureau voor de Statistiek. Kosten van Zietken 2015. https://statline.
rivm.nl/#/RIVM/nl/dataset/50040NED/table?graphtype=Table&ts=1512975518824 
(accessed 07/06/2018).

115. European Commission. Bulgaria: Health Care & Long-term Care Systems. 
https://ec.europa.eu/info/sites/info/files/file_import/joint-report_bg_en_2.pdf 
(accessed 12/09/2018).

116. European Commission. Cyprus: Health Care & Long-term Care Systems. 
. https://ec.europa.eu/info/sites/info/files/file_import/joint-report_cy_en_2.pdf 
(accessed 10/09/2018).

117. European Commission. Italy: Health Care & Long-term Care Systems. https://
ec.europa.eu/info/sites/info/files/file_import/joint-report_it_en_2.pdf (accessed 
24/09/2018).

118. European Commission. Latvia: Health Care & Long-term Care Systems. 
https://ec.europa.eu/info/sites/info/files/file_import/joint-report_lv_en_2.pdf 
(accessed 24/09/2018).

119. European Commission. Lithuania: Health Care & Long-term Care Systems. 
https://ec.europa.eu/info/sites/info/files/file_import/joint-report_lt_en_2.pdf 
(accessed 24/09/2018).

120. European Commission. Malta: Health Care & Long-term Care Systems. 
https://ec.europa.eu/info/sites/info/files/file_import/joint-report_mt_en_2.pdf 
(accessed 24/09/2018).

http://www.halmed.hr/fdsak3jnFsk1Kfa/publikacije/Potrosnja-lijekova-u-RH_2012-2016.pdf
http://www.halmed.hr/fdsak3jnFsk1Kfa/publikacije/Potrosnja-lijekova-u-RH_2012-2016.pdf
http://www.euro.who.int/__data/assets/pdf_file/0004/98869/E88670sum.pdf
http://www.euro.who.int/__data/assets/pdf_file/0004/98869/E88670sum.pdf
http://www.irdes.fr/Publications/Rapports2003/rap1480.pdf
http://www.irdes.fr/Publications/Rapports2003/rap1480.pdf
https://ec.europa.eu/info/sites/info/files/file_import/joint-report_bg_en_2.pdf
https://ec.europa.eu/info/sites/info/files/file_import/joint-report_cy_en_2.pdf
https://ec.europa.eu/info/sites/info/files/file_import/joint-report_it_en_2.pdf
https://ec.europa.eu/info/sites/info/files/file_import/joint-report_it_en_2.pdf
https://ec.europa.eu/info/sites/info/files/file_import/joint-report_lv_en_2.pdf
https://ec.europa.eu/info/sites/info/files/file_import/joint-report_lt_en_2.pdf
https://ec.europa.eu/info/sites/info/files/file_import/joint-report_mt_en_2.pdf


AT WHAT COST – The Economic Impact of Stroke in Europe

119

121. European Commission. Poland: Health Care & Long-term Care Systems. 
https://ec.europa.eu/info/sites/info/files/file_import/joint-report_pl_en_2.pdf 
(accessed 09/01/2019).

122. Leichhsernirg K. Long-term care in Austria. http://www.imserso.es/
InterPresent2/groups/imserso/documents/binario/007_cuidadosldkleichsenring_
in.pdf (accessed 13/08/2018).

123. IMSERSO. Informe 2006: Las personas mayores en Espana. http://
envejecimiento.csic.es/documentos/documentos/imserso-informe-personas-
mayores-vol1-2006.pdf (accessed 17/09/2018).

124. Statistics Austria. Statistisches Jahrbuch Österreichs. . http://www.statistik.
at/web_en/publications_services/statistisches_jahrbuch/index.html (accessed 
11/10/2016).

125. European Commission. Greece: Health Care & Long-term Care Systems. 
https://ec.europa.eu/info/sites/info/files/file_import/joint-report_el_en_2.pdf 
(accessed 12/09/2018).

126. European Commission. Hungary: Health Care & Long-term Care Systems. 
https://ec.europa.eu/info/sites/info/files/file_import/joint-report_hu_en_2.pdf 
(accessed 17/09/2018).

127. European Commission. Slovenia: Health Care & Long-term Care Systems. 
https://ec.europa.eu/info/sites/info/files/file_import/joint-report_si_en_2.pdf 
(accessed 09/01/2019).

128. Mayer S, Kiss N, Laszewska A, et al. Costing evidence for health care 
decision-making in Austria: A systematic review. Plos ONE 2017;12 doi: 10.1371/
journal.pone.0183116.

129. INAMI. INAMI. Note conceptuelle relative aux soins alternatifs et de 
soutien aux soins a des personnes agees fragiles. https://www.riziv.fgov.be/
SiteCollectionDocuments/note-alternatifs-soins-personnes-agees.docx (accessed 
13/08/2018).

130. Badun M. Financiranje domova za starije I menocne osobe u Hrvatskoj Rev 
soc polit god 2017;24:19-43.

131. Maresova P, Zahalkova V. The economic burden of the care and treatment 
for people with Alzheimer’s disease: the outlook for the Czech Republic. Neurol 
Sci 2016;37:1917-22.

132. Sortso C, Green.A., Jensen PB, et al. Societal costs of diabetes mellitus in 
Denmark. Diabetic Medicine 2016;33:877-85.

https://ec.europa.eu/info/sites/info/files/file_import/joint-report_pl_en_2.pdf
http://www.imserso.es/InterPresent2/groups/imserso/documents/binario/007_cuidadosldkleichsenring_in.pdf
http://www.imserso.es/InterPresent2/groups/imserso/documents/binario/007_cuidadosldkleichsenring_in.pdf
http://www.imserso.es/InterPresent2/groups/imserso/documents/binario/007_cuidadosldkleichsenring_in.pdf
http://envejecimiento.csic.es/documentos/documentos/imserso-informe-personas-mayores-vol1-2006.pdf
http://envejecimiento.csic.es/documentos/documentos/imserso-informe-personas-mayores-vol1-2006.pdf
http://envejecimiento.csic.es/documentos/documentos/imserso-informe-personas-mayores-vol1-2006.pdf
http://www.statistik.at/web_en/publications_services/statistisches_jahrbuch/index.html
http://www.statistik.at/web_en/publications_services/statistisches_jahrbuch/index.html
https://ec.europa.eu/info/sites/info/files/file_import/joint-report_el_en_2.pdf
https://ec.europa.eu/info/sites/info/files/file_import/joint-report_hu_en_2.pdf
https://ec.europa.eu/info/sites/info/files/file_import/joint-report_si_en_2.pdf
http://10.1371/journal.pone
http://10.1371/journal.pone
https://www.riziv.fgov.be/SiteCollectionDocuments/note-alternatifs-soins-personnes-agees.docx
https://www.riziv.fgov.be/SiteCollectionDocuments/note-alternatifs-soins-personnes-agees.docx


AT WHAT COST – The Economic Impact of Stroke in Europe

120

133. Jurisson M, Pisarev H, Kanis J, et al. Quality of life, resource use, and costs 
related to hip fracture in Estonia. Osteoporos Int 2016;27(2555-2566)

134. Statistical Information on welfare and health in Finland. Ageing and functional 
capacity. https://sotkanet.fi/sotkanet/en/haku?g=358 (accessed 12/09/2018).

135. Reed C, Happich M, Argimon JM, et al. What drives country differences in 
cost of Alzheimer’s disease? An explanation from resource use in the GERAS 
study. Journal of Alzheimer’s Disease 2017;57:797-812.

136. Statistics Iceland. Total expenditure on social protection, further details 2006-
2013. http://px.hagstofa.is/pxen/pxweb/en/Samfelag/Samfelag__felagsmal__
utgjold_felagsvernd/HEI01002.px (accessed 24/09/2018).

137. Brick A, Smith S, Normand C, et al. Costs of formal and informal care in the 
last year of life for patients in receipt of specialist palliative care. Palliative Medicine 
2017;31:356-68.

138. Brammli-Greenberg S, Waitzberg R, Gross R. Private long-term care 
insurance in Israel. https://brookdale.jdc.org.il/en/publication/private-long-term-
care-insurance-israel/ (accessed 04/09/2018).

139. MacNeil Vroomen J, Bosmans.J.E., Eekhout I, et al. The cost-effectiveness 
of two froms of case management compared to a control group for persons with 
dementia and their informal caregivers from a societal perspective. Plos ONE 
2016;11 doi: 10.1371/journal.pone.0160908

140. Hektoen LF, Saltvedt I, Sletvold O, et al. One-year health and care costs 
after hip fracture for home-dwelling elderly patients in Norway: Results from the 
Trondheim Hip Fracture Trial. Scand J Public Health 2016;44:791-98.

141. Caravau H, Martin I. Direct costs of dementia in nursing homes. Frontiers in 
Aging Neuroscience 2015;7:146.

142. European Network of Economic Policy Research Institutes. Long-term 
care in Romania. https://www.files.ethz.ch/isn/122417/Romania.pdf (accessed 
02/04/2019).

143. Soto-Gordoa M, Arrospide A, Zpiain A, et al. El coste de la aplication de la 
ley de dependencia a la enfermedad de Alzheimer. Gac Sanit 28:389-92.

144. Akerborg O, Lang A, Wimo A, et al. Cost of dementia and its correlation with 
dependence. Journal of Aging and Health 2016;28:1448-64.

145. Kraft E, Marti M, Werner S, et al. Cost of dementia in Switzerland. Swiss Med 
Wkly 2010;140:w13093.

https://sotkanet.fi/sotkanet/en/haku?g=358
http://px.hagstofa.is/pxen/pxweb/en/Samfelag/Samfelag__felagsmal__utgjold_felagsvernd/HEI01002.px
http://px.hagstofa.is/pxen/pxweb/en/Samfelag/Samfelag__felagsmal__utgjold_felagsvernd/HEI01002.px
https://brookdale.jdc.org.il/en/publication/private
http://10.1371/journal.pone
https://www.files.ethz.ch/isn/122417/Romania.pdf


AT WHAT COST – The Economic Impact of Stroke in Europe

121

146. World Health Organization. Cause of Death Query Online. http://apps.who.
int/healthinfo/statistics/mortality/causeofdeath_query/ (accessed 03/09/2018).

147. Central Bureau of Statistics. Employed persons by industry, age, population 
group and sex. http://www.cbs.gov.il/publications17/lfs15_1684/pdf/t02_03.pdf 
(accessed 03/09/2018).

148. Internation Labour Organization. Key Indicators of the Labour Market. https://
www.ilo.org/ilostat/faces/wcnav_defaultSelection?_afrLoop=609972699080347&_
afrWindowMode=0&_afrWindowId=nhv4sik25_1#!%40%40%3F_
afrWindowId%3Dnhv4sik25_1%26_afrLoop%3D609972699080347%26_
afrWindowMode%3D0%26_adf.ctrl-state%3Dnhv4sik25_87 (accessed 
03/09/2018).

149. Hellenic Statistical Authority. Statistical Yearbook of Greece. http://dlib.
statistics.gr/Book/GRESYE_01_0002_00061.pdf (accessed 27/03/2018).

150. INAMI. Nombre de jours et montants des indemnités en incapacité primaire- 
Évolution et ventilation par état social et par sexe. http://www.riziv.fgov.be/
SiteCollectionDocuments/stat_si2014_2.pdf (accessed 09/01/2018).

151. INAMI. Nombre de salariés et chômeurs en invalidité - Évolution 2010-
2014 et ventilation par état social, par sexe, par âge. . http://www.riziv.fgov.be/
SiteCollectionDocuments/stat_si2014_1_invalidite.pdf (accessed 09/01/2018).

152. European Observatory of Working Life. Absence from work – Bulgaria. 
http://www.eurofound.europa.eu/observatories/eurwork/comparative-information/
national-contributions/bulgaria/absence-from-work-bulgaria (accessed 09/01/2018).

153. Dane Publiczne. Absencja chorobowa - dane za 2016 r. https://danepubliczne.
gov.pl/pl/dataset/absencja-chorobowa-2016-r (accessed 10/04/2018).

154. European Observatory of Working Life. Absence from work - Romania. 
http://www.eurofound.europa.eu/observatories/eurwork/comparative-information/
national-contributions/romania/absence-from-work-romania (accessed 12/06/2018).

155. Oliva J. Perdidas laborales ocasionadas por las enfermedades y problemas 
de salud en Espana en el ano 2005. http://www.ief.es/documentos/recursos/
publicaciones/papeles_trabajo/2010_05.pdf (accessed 28/02/2018).

156. Marchena Aparicio JC, O’Ferrall Gonzalez C, Ares Camerino A, et al. La 
incapacidad permanente en una empresa publica en el periodo 1995-2009. 
Medicina y Seguridad del Trabajo 2011;57:224.

157. Cesky Statisticky Urad. Ukončené případy pracovní neschopnosti pro nemoc 
a úraz. www.uzis.cz/katalog/zdravotnicka-statistika/ukoncene-pripady-pracovni-
neschopnosti-pro-nemoc-uraz (accessed 01/03/2018).

http://apps.who.int/healthinfo/statistics/mortality/causeofdeath_query
http://apps.who.int/healthinfo/statistics/mortality/causeofdeath_query
http://www.cbs.gov.il/publications17/lfs15_1684/pdf/t02_03.pdf
http://dlib.statistics.gr/Book/GRESYE_01_0002_00061.pdf
http://dlib.statistics.gr/Book/GRESYE_01_0002_00061.pdf
http://www.riziv.fgov.be/SiteCollectionDocuments/stat_si2014_2.pdf
http://www.riziv.fgov.be/SiteCollectionDocuments/stat_si2014_2.pdf
http://www.riziv.fgov.be/SiteCollectionDocuments/stat_si2014_1_invalidite.pdf
http://www.riziv.fgov.be/SiteCollectionDocuments/stat_si2014_1_invalidite.pdf
http://www.eurofound.europa.eu/observatories/eurwork/comparative-information/national-contributions/bulgaria/absence
http://www.eurofound.europa.eu/observatories/eurwork/comparative-information/national-contributions/bulgaria/absence
https://danepubliczne.gov.pl/pl/dataset/absencja
https://danepubliczne.gov.pl/pl/dataset/absencja
http://www.eurofound.europa.eu/observatories/eurwork/comparative-information/national-contributions/romania/absence
http://www.eurofound.europa.eu/observatories/eurwork/comparative-information/national-contributions/romania/absence
http://www.ief.es/documentos/recursos/publicaciones/papeles_trabajo/2010_05.pdf
http://www.ief.es/documentos/recursos/publicaciones/papeles_trabajo/2010_05.pdf
http://www.uzis.cz/katalog/zdravotnicka-statistika/ukoncene


AT WHAT COST – The Economic Impact of Stroke in Europe

122

158. Statistics Denmark. Absence by occupation, cause of absence, sex, sector, 
time and indicator of absence. www.statbank.dk/statbank5a/default.asp?w=1607 
(accessed 02/03/2018).

159. Lidwall U. Long-term sickness absence: Aspects of Society, Work and Family. 
Karolinska Institutet, 2010.

160. Statistics Denmark. Persons receiving public benefits by type of benefits and 
time. www.statbank.dk/statbank5a/default.asp?w=1607 (accessed 02/03/2018).

161. Statistics Estonia. Persons receiving disability pension/pension for incapacity 
for work. http://pub.stat.ee/px-web.2001/Dialog/Saveshow.asp (accessed 
02/03/2018).

162. Kansaneläkelaitos - The Social Insurance. Statistics on sickness allowance. 
http://www.kela.fi/web/en/statistical-database-kelasto_contents#Sickness 
(accessed 02/03/2018).

163. Kansaneläkelaitos - The Social Insurance. Statistics on the pensions provided 
by Kela. http://www.kela.fi/web/en/statistical-database-kelasto_contents#Pensions 
(accessed 02/03/2018).

164. Vahtera J, Westerlund H, Ferrie JE, et al. All-cause and diagnosis-specific 
sickness absence as a predictor of sustained suboptimal health: a 14-year follow-
up in the GAZEL cohort. J Epidemiol Community Health 2010;64:311-17.

165. Cuerq A, Païta M, Ricordeau P. Les causes medicales de l’invalidite. http://
www.handipole.org/IMG/pdf/Points_de_repere_n__16.pdf (accessed 25/11/2016).

166. Gesundheitsberichterstattung des Bundes. Inability to work: days and cases 
of inability to work of the members of the Statutory Health Insurance (number and 
rate). www.gbe-bund.de/oowa921-install/servlet/oowa/aw92/WS0100/_XWD_
FORMPROC?TARGET=&PAGE=_XWD_804&OPINDEX=1&HANDLER=XS_
ROTATE_ADVANCED&DATACUBE=_XWD_832&D.000=ACROSS&D.003=PA
GE&D.008=PAGE&D.009=PAGE&D.100=DOWN (accessed 27/02/2018).

167. Gesundheitsberichterstattung des Bundes. Inability to work of compulsory 
members of the Local Statutory Health Insurance (AOK) without pensionsers 
(cases and days of inability to work, days of inability to work per 100,000 
compulsory members, days per case). www.gbe-bund.de/oowa921-install/
servlet/oowa/aw92/WS0100/_XWD_PROC?_XWD_406/1/XWD_CUBE.DRILL/_
XWD_434/D.946/14497 (accessed 27/02/2018).

http://www.statbank.dk/statbank5a/default.asp
http://www.statbank.dk/statbank5a/default.asp
http://pub.stat.ee/px-web.2001/Dialog/Saveshow.asp
http://www.handipole.org/IMG/pdf/Points_de_repere_n__16.pdf
http://www.handipole.org/IMG/pdf/Points_de_repere_n__16.pdf
http://www.gbe-bund.de/oowa921-install/servlet/oowa/aw92/WS
http://www.gbe-bund.de/oowa921-install/servlet/oowa/aw92/WS
http://www.gbe-bund.de/oowa921-install/servlet/oowa/aw92/WS
http://XWD_CUBE.DRILL


AT WHAT COST – The Economic Impact of Stroke in Europe

123

168. Gesundheitsberichterstattung des Bundes. Pensions due to disability 
(“verminderte Erwerbsfähigkeit”) in the statutory pension insurance (number total 
or per 100,000 actively insured persons). http://www.gbe-bund.de/oowa921-
install/servlet/oowa/aw92/dboowasys921.xwdevkit/xwd_init?gbe.isgbetol/xs_
start_neu/&p_aid=3&p_aid=11006808&nummer=369&p_sprache=E&p_indsp=-
&p_aid=32100044 (accessed 28/02/2018).

169. Gesundheitsberichterstattung des Bundes. Lost workforce years in 1,000 years 
for Germany. www.gbe-bund.de/oowa921-install/servlet/oowa/aw92/WS0100/_
XWD_PROC?_XWD_1212/1/XWD_CUBE.DRILL/_XWD_1240/D.946/14497 
(accessed 28/02/2018).

170. Hungarian Central Statistical Office. Sick Pay. http://statinfo.ksh.hu/Statinfo/
haDetails.jsp?query=kshquery&lang=en (accessed 27/03/2018).

171. Hungarian Central Statistical Office. Pensions, benefits, annuities and other 
provisions. http://statinfo.ksh.hu/Statinfo/haDetails.jsp 

172. Statistics Iceland. Benefits and recipients of social security benefits 1994-
2016. http://px.hagstofa.is/pxen/pxweb/en/Samfelag/Samfelag__felagsmal__
tryggingar/HEI03101.px/table/tableViewLayout1/?rxid=cc79ea20-1fbd-44d8-bd04-
c58a3767cd88 (accessed 04/07/2018).

173. Central Statistics Office. Statbank. http://www.cso.ie/px/pxeirestat/statire/
SelectTable/Omrade0.asp?Planguage=0 (accessed 01/05/2018).

174. Office for National Statistics. Sickness absence in the labour market. 
https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/
employmentandemployeetypes/datasets/sicknessabsenceinthelabourmarket 
(accessed 19/06/2018).

175. Department of Social Protection. Annual SWS Statistical Information Report 
2016. https://www.welfare.ie/en/pdf/DEASP_Annual_Statistics_Report_2016.pdf 
(accessed 01/05/2018).

176. Department for Works and Pensions. Welcome to Stat-Xplore. https://stat-
xplore.dwp.gov.uk/webapi/jsf/dataCatalogueExplorer.xhtml (accessed 19/06/2018).

177. Barbini N, Beretta GG, Minnucci MP, et al. Le principali patologie causa di 
assenza dal lavoro. Analisi della banca dati INPS. G Ital Med Lav Erg 2006;28:14-
19.

178. OECD. Draft reform of the Israeli disability pension system: an initial 
assessment by the OECD. https://www.oecd.org/israel/Israel-disability-pension-
note-July-2017.pdf (accessed 04/09/2018).

http://www.gbe-bund.de/oowa921-install/servlet/oowa/aw92/dboowasys921.xwdevkit/xwd_init?gbe.isgbetol
http://www.gbe-bund.de/oowa921-install/servlet/oowa/aw92/dboowasys921.xwdevkit/xwd_init?gbe.isgbetol
http://www.gbe-bund.de/oowa921-install/servlet/oowa/aw92/WS
http://XWD_CUBE.DRILL
http://statinfo.ksh.hu/Statinfo/haDetails.jsp?query=kshquery&lang=en
http://statinfo.ksh.hu/Statinfo/haDetails.jsp?query=kshquery&lang=en
http://statinfo.ksh.hu/Statinfo/haDetails.jsp
http://px.hagstofa.is/pxen/pxweb/en/Samfelag/Samfelag__felagsmal__tryggingar/HEI03101.px/table/tableViewLayout1/?rxid=cc79ea20-1fbd-44d8-bd04-c58a3767cd88
http://px.hagstofa.is/pxen/pxweb/en/Samfelag/Samfelag__felagsmal__tryggingar/HEI03101.px/table/tableViewLayout1/?rxid=cc79ea20-1fbd-44d8-bd04-c58a3767cd88
http://px.hagstofa.is/pxen/pxweb/en/Samfelag/Samfelag__felagsmal__tryggingar/HEI03101.px/table/tableViewLayout1/?rxid=cc79ea20-1fbd-44d8-bd04-c58a3767cd88
http://www.cso.ie/px/pxeirestat/statire/SelectTable/Omrade0.asp?Planguage=0
http://www.cso.ie/px/pxeirestat/statire/SelectTable/Omrade0.asp?Planguage=0
https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/employmentandemployeetypes/datasets/sicknessabsenceinthelabourmarket
https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/employmentandemployeetypes/datasets/sicknessabsenceinthelabourmarket
https://www.welfare.ie/en/pdf/DEASP_Annual_Statistics_Report_2016.pdf
https://stat-xplore.dwp.gov.uk/webapi/jsf/dataCatalogueExplorer.xhtml
https://stat-xplore.dwp.gov.uk/webapi/jsf/dataCatalogueExplorer.xhtml
https://www.oecd.org/israel/Israel-disability-pension-note-July-2017.pdf
https://www.oecd.org/israel/Israel-disability-pension-note-July-2017.pdf


AT WHAT COST – The Economic Impact of Stroke in Europe

124

179. Fit for Work Italia. Fit for Work Italia: malattie reumatiche croniche invalidanti, 
tra salute e lavoro. Le istanza della coalizione Fit for Work Italia alle Istituzioni. 
http://www.reumatologia.it/obj/files/dossier.pdf (accessed 21/05/2018).

180. European Observatory of Working Life. Absence from work – Italy. http://
eurofound.europa.eu/observatories/eurwork/comparative-information/national-
contributions/italy/absence-from-work-italy (accessed 21/05/2018).

181. Italian National Institute of Statistics. I.Stat. http://dati.istat.it/Index.aspx 
(accessed 21/05/2018).

182. European Observatory of Working Life. Absence from work – Latvia. http://
www.eurofound.europa.eu/observatories/eurwork/comparative-information/
national-contributions/latvia/absence-from-work-latvia (accessed 01/05/2018).

183. Central Statistical Bureau of Latvia. Number of pension and state 
social security benefit recipients at end of year (thsd population). http://
data.csb.gov.lv/pxweb/en/Sociala/Sociala__ikgad__socdr/SD0010.px/table/
tableViewLayout2/?rxid=562c2205-ba57-4130-b63a-6991f49ab6fe (accessed 
01/05/2018).

184. Lietuvo Statistikos Deparamentas. Social Security. https://osp.stat.gov.lt/
documents/10180/3329771/Social_security.pdf (accessed 09/05/2018).

185. Ministere de la Securite Sociale. L’absenteisme pour cause de maladie en 
2016. http://www.mss.public.lu/publications/Apercus_et_cahiers/apercus/cahier_
apercu_201709.pdf (accessed 07/06/2018).

186. Ministere de la Securite Sociale. L’absenteisme pour cause de maladie en 
2010. http://www.observatoire-absenteisme.public.lu/chiffres_cles/Absenteisme_
maladie_2010.pdf (accessed http://www.observatoire-absenteisme.public.lu/
chiffres_cles/Absenteisme_maladie_2010.pdf ).

187. TNO Innovation for Life. Nationale Enquête Arbeidsomstandigheden 2016. 
http://www.monitorarbeid.tno.nl/dynamics/modules/SPUB0102/view.php?pub_
Id=100474&att_Id=4911 (accessed 27/02/2018).

188. TNO Innovation for Life. Nationale Enquête Arbeidsomstandigheden 2015. 
http://www.monitorarbeid.tno.nl/publicaties/nea-2015 (accessed 27/02/2018).

189. Centraal Bureau voor de Statistiek. Social security; key figures, number 
of benefits. https://opendata.cbs.nl/statline/#/CBS/en/dataset/37789eng/
table?ts=1519741743482 (accessed 27/02/2018).

190. Gjesdal S, Bratberg E. Diagnosis and duration of sickness absence as 
predictors for disability pension: Results from a three-year, multi-register based 
and prospective study. Scand J Public Health 2003;31:246-54.

http://www.reumatologia.it/obj/files/dossier.pdf
http://eurofound.europa.eu/observatories/eurwork/comparative-information/national-contributions/italy/absence
http://eurofound.europa.eu/observatories/eurwork/comparative-information/national-contributions/italy/absence
http://eurofound.europa.eu/observatories/eurwork/comparative-information/national-contributions/italy/absence
http://I.Stat
http://dati.istat.it/Index.aspx
http://www.eurofound.europa.eu/observatories/eurwork/comparative-information/national-contributions/latvia/absence
http://www.eurofound.europa.eu/observatories/eurwork/comparative-information/national-contributions/latvia/absence
http://www.eurofound.europa.eu/observatories/eurwork/comparative-information/national-contributions/latvia/absence
http://data.csb.gov.lv/pxweb/en/Sociala/Sociala__ikgad__socdr/SD0010.px/table/tableViewLayout2/?rxid=562c2205-ba57-4130-b63a-6991f49ab6fe
http://data.csb.gov.lv/pxweb/en/Sociala/Sociala__ikgad__socdr/SD0010.px/table/tableViewLayout2/?rxid=562c2205-ba57-4130-b63a-6991f49ab6fe
http://data.csb.gov.lv/pxweb/en/Sociala/Sociala__ikgad__socdr/SD0010.px/table/tableViewLayout2/?rxid=562c2205-ba57-4130-b63a-6991f49ab6fe
https://osp.stat.gov.lt/documents/10180/3329771/Social_security.pdf
https://osp.stat.gov.lt/documents/10180/3329771/Social_security.pdf
http://www.mss.public.lu/publications/Apercus_et_cahiers/apercus/cahier_apercu_201709.pdf
http://www.mss.public.lu/publications/Apercus_et_cahiers/apercus/cahier_apercu_201709.pdf
http://www.observatoire-absenteisme.public.lu/chiffres_cles/Absenteisme_maladie_2010.pdf
http://www.observatoire-absenteisme.public.lu/chiffres_cles/Absenteisme_maladie_2010.pdf
http://www.observatoire-absenteisme.public.lu/chiffres_cles/Absenteisme_maladie_2010.pdf
http://www.observatoire-absenteisme.public.lu/chiffres_cles/Absenteisme_maladie_2010.pdf
http://www.monitorarbeid.tno.nl/dynamics/modules/SPUB0102/view.php?pub_Id=100474&att_Id=4911
http://www.monitorarbeid.tno.nl/dynamics/modules/SPUB0102/view.php?pub_Id=100474&att_Id=4911
http://www.monitorarbeid.tno.nl/publicaties/nea
https://opendata.cbs.nl/statline


AT WHAT COST – The Economic Impact of Stroke in Europe

125

191. Statistics Norway. Recipients of disability benefit. https://www.ssb.no/en/
sosiale-forhold-og-kriminalitet/statistikker/ufore (accessed 04/07/2018).

192. Gabinete de Estrategia e Planeamento. Balanco Social 2016. http://
wwwgepmsessgovpt/estatistica/indexhtml (accessed 11/06/2018).

193. Seguranca Social. Estatisticas: Pensoes de Invalidez Velhice e Sobrevivencia. 
http://wwwseg-socialpt/estatisticas (accessed 11/06/2018).

194. Stiatisicky Urad Slovenskej Republiky. DATAcube. http://datacube.statistics.
sk/ (accessed 25/06/2018).

195. Republic of Slovenia Statistical Office. Expenditure and receipts of social 
protection schemes and pension beneficiaries, detailed data, Slovenia, 2014. http://
www.stat.si/StatWeb/en/show-news?id=6105&idp=21&headerbar=17 (accessed 
10/01/2017).

196. Ministerio de Empleo y Seguridad Social. Incapacidad permanente. http://
www.seg-social.es/Internet_1/Estadistica/Est/Pensiones_y_pensionistas/
Pensiones_contributivas_en_vigor/Incapacidad_permanente/index.htm (accessed 
27/02/2018).

197. Statistics Sweden. Number of sick periods distributed by sector and sex. http://
www.scb.se/en/finding-statistics/statistics-by-subject-area/labour-market/sick-pay/
short-term-business-statistics-on-sick-pay/pong/tables-and-graphs/number-of-sick-
periods-distributed-by-sector-and-sex/ (accessed 19/06/2018).

198. Office Federal de la Statistique. Absences. https://www.bfs.admin.ch/bfs/
fr/home/statistiques/travail-remuneration/activite-professionnelle-temps-travail/
temps-travail/absences.html (accessed 04/08/2018).

199. Office Federal de la Statistique. Beneficiaries and benefits. https://www.bfs.
admin.ch/bfs/fr/home/statistiques/securite-sociale/prevoyance-professionnelle/
beneficiaires-prestations.html (accessed 04/08/2018).

200. INAMI. Absentéisme pour maladie en incapacité primaire de travail. http://
www.riziv.fgov.be/SiteCollectionDocuments/absenteisme-incapacite-primaire.pdf 
(accessed 09/01/2018).

201. Koopmanschap M, van Ineveld B. Towards a new approach for estimating 
indirect costs of disease. Sco Sci Med 1992;34:1005-10.

202. HM Treasury. The Green Book: appraisal and evaluation in central government. 
https://www.gov.uk/government/publications/the-green-book-appraisal-and-
evaluation-in-central-governent (accessed 15/05/2019).

https://www.ssb.no/en/sosiale-forhold-og-kriminalitet/statistikker/ufore
https://www.ssb.no/en/sosiale-forhold-og-kriminalitet/statistikker/ufore
http://wwwgepmsessgovpt/estatistica/indexhtml
http://wwwgepmsessgovpt/estatistica/indexhtml
http://wwwseg-socialpt/estatisticas
http://datacube.statistics.sk
http://datacube.statistics.sk
http://www.stat.si/StatWeb/en/show
http://www.stat.si/StatWeb/en/show
http://www.seg-social.es/Internet_1/Estadistica/Est/Pensiones_y_pensionistas/Pensiones_contributivas_en_vigor/Incapacidad_permanente/index.htm
http://www.seg-social.es/Internet_1/Estadistica/Est/Pensiones_y_pensionistas/Pensiones_contributivas_en_vigor/Incapacidad_permanente/index.htm
http://www.seg-social.es/Internet_1/Estadistica/Est/Pensiones_y_pensionistas/Pensiones_contributivas_en_vigor/Incapacidad_permanente/index.htm
http://www.scb.se/en/finding-statistics/statistics-by-subject-area/labour-market/sick-pay/short-term-business-statistics-on-sick-pay/pong/tables-and-graphs/number
http://www.scb.se/en/finding-statistics/statistics-by-subject-area/labour-market/sick-pay/short-term-business-statistics-on-sick-pay/pong/tables-and-graphs/number
http://www.scb.se/en/finding-statistics/statistics-by-subject-area/labour-market/sick-pay/short-term-business-statistics-on-sick-pay/pong/tables-and-graphs/number
https://www.bfs.admin.ch/bfs/fr/home/statistiques/travail-remuneration/activite-professionnelle-temps-travail/temps-travail/absences.html
https://www.bfs.admin.ch/bfs/fr/home/statistiques/travail-remuneration/activite-professionnelle-temps-travail/temps-travail/absences.html
https://www.bfs.admin.ch/bfs/fr/home/statistiques/travail-remuneration/activite-professionnelle-temps-travail/temps-travail/absences.html
https://www.bfs.admin.ch/bfs/fr/home/statistiques/securite-sociale/prevoyance-professionnelle/beneficiaires-prestations.html
https://www.bfs.admin.ch/bfs/fr/home/statistiques/securite-sociale/prevoyance-professionnelle/beneficiaires-prestations.html
https://www.bfs.admin.ch/bfs/fr/home/statistiques/securite-sociale/prevoyance-professionnelle/beneficiaires-prestations.html
http://www.riziv.fgov.be/SiteCollectionDocuments/absenteisme-incapacite-primaire.pdf
http://www.riziv.fgov.be/SiteCollectionDocuments/absenteisme-incapacite-primaire.pdf
https://www.gov.uk/government/publications/the


AT WHAT COST – The Economic Impact of Stroke in Europe

126

203. Rothwell PM, Coull AJ, Giles MF, et al. Change in stroke incidence, mortality, 
case-fatality, severity, and risk factors in Oxfordshire, UK from 1981 to 2004 (Oxford 
Vascular Study). Lancet 2004;363:1925-33.

204. Bejot Y, Delpont B, Giroud M. Rising stroke incidence in young adults: More 
epidemiological evidence, more questions to be answered. J Am Heart Assoc 
2016;5:e003661.

205. Yiin GS, Howard DP, Paul NLM, et al. Age-specific incidence, outcome, cost, 
and projected future burden of atrial fibrillation-related embolic vascular events: a 
population-based study. Circulation 2014;130:1236-44.

206. OECD. Historical population and data projections. https://stats.oecd.org/Index.
aspx?DataSetCode=POP_PROJ# (accessed 01/05/2019).

207. Yu AYX, Kapral MK. More people are surviving after acute stroke. BMJ 
2019;365:I2150.

208. Feigin V, Hoorn SV. How to study stroke incidence. Lancet 2004;363:1920.

209. Luengo-Fernandez R, Li L, Rothwell PM. Temporal trends (2002-2012) in 
long-term outcome and quality-adjusted life-expectancy after incidence stroke in 
Oxfordshire, UK: Evidence of impact of acute stroke care at the population level. 
World Stroke Congress. Montreal, 2018.

210. National Institute for Health and Care Excellence. Social value judgements: 
principles for the development of NICE guidance. www.nice.org.uk/media/873/2F/
SocialValueJudgementsDec05.pdf (accessed 23/07/2019).

211. Ganesh A, Luengo-Fernandez R, Wharton RM, et al. Time Course of Evolution 
of Disability and Cause-Specific Mortality After Ischemic Stroke: Implications for 
Trial Design. J Am Heart Assoc 2017;6:e005788.

212. Ganesh A, Luengo-Fernandez R, Wharton RM, et al. Ordinal vs dichotomous 
analyses of modified Rankin Scale, 5-year outcome, and cost of stroke. Neurology 
2018;91:e1951-e60.

213. Rivero-Arias O, Ouellet M, Gray A, et al. Mapping the modified Rankin scale 
(mRS) measurement into the generic EuroQol (EQ-5D) health outcome. Med Decis 
Making 2010;30:341-54.

214. Dolan P. Modeling valuations for EuroQol health states. Med Care 
1997;35:1095-108.

215. Pirmohamed M. Warfarin: almost 60 years old and still causing problems. Br 
J Clin Pharmacol 2006;2006:509-11.

216. British Medical Association. British National Formulary. https://www.bnf.org/

https://stats.oecd.org/Index.aspx?DataSetCode=POP_PROJ#
https://stats.oecd.org/Index.aspx?DataSetCode=POP_PROJ#
http://www.nice.org.uk/media/873/2F/SocialValueJudgementsDec05.pdf
http://www.nice.org.uk/media/873/2F/SocialValueJudgementsDec05.pdf
https://www.bnf.org/products/bnf


AT WHAT COST – The Economic Impact of Stroke in Europe

127

products/bnf-online/ (accessed 17/08/2019).

217. Lopez-Lopez JA, Sterne JAC, Thom HHZ, et al. Oral anticoagulants for 
prevention of stroke in atrial fibrillation: systematic review, network meta-analysis, 
and cost effectiveness analysis. BMJ 2017;359:j5058.

218. National Institute for Health and Care Excellence. Atrial fibrillation: management. 
https://www.nice.org.uk/guidance/CG180/chapter/1-Recommendations (accessed 
12/08/2019).

219. Wadhera RK, Russell CE, Piazza G. Warfarin versus Novel Oral 
Anticoagulants: How to choose? Circulation 2014;130:e191-e93.

220. Mant J, Hobbs R, Fletcher K, et al. Warfarin versus aspirin for stroke 
prevention in an elderly community population with atrial fibrillation (the Birmingham 
Atrial Fibrillation Treatment of the Aged Study, BAFTA): a randomised controlled 
trial. The Lancet 2007;370:493-503.

221. Li L, Geraghty OC, Mehta Z, et al. Age-specific risks, severity, time course, 
and outcome of bleeding on long-term antiplatelet treatment after vascular events: 
a population-based The Lancet 2017;390:490-99.

222. World Health Organization. Life tables by country. http://apps.who.int/gho/
data/?theme=main&vid=60080 (accessed 17/07/2019).

223. Miyasaka Y, Barnes ME, Gersh BJ, et al. Time trends of ischemic stroke 
incidence and mortality in patients diagnosed with first atrial fibrillation in 1980 to 
2000: Report of a community-based study. Stroke 2005;36:2362-66.

224. Berkhemer OA, Fransen PSS, Beumer D, et al. A Randomized Trial of 
Intraarterial Treatment for Acute Ischemic Stroke. New England Journal of Medicine 
2015;372:11-20.

225. Goyal M, Menon BK, van Zwam WH, et al. Endovascular thrombectomy after 
large-vessel ischaemic stroke: a meta-analysis of individual patient data from five 
randomised trials. The Lancet 2016;387:1723-31.

226. Ruggeri M, Basile M, Zini A, et al. Cost-effectiveness analysis of mechanical 
thrombectomy with stent retriever in the treatment of acute ischemic stroke in Italy. 
Journal of Medical Economics 2018;21:902-11.

227. Lobotesis K, Veltkamp R, Carpenter IH, et al. Cost-effectiveness of stent-
retriever thrombectomy in combination with IV t-PA compared with IV t-PA 
alone for acute ischemic stroke in the UK. J Med Econ 2016;19(8):785-94. doi: 
10.1080/13696998.2016.1174868 [published Online First: 2016/04/06]

https://www.bnf.org/products/bnf
https://www.nice.org.uk/guidance/CG180/chapter
http://apps.who.int/gho/data/?theme=main&vid=60080
http://apps.who.int/gho/data/?theme=main&vid=60080


AT WHAT COST – The Economic Impact of Stroke in Europe

128

228. Hebert D, Lindsay MP, McIntyre A, et al. Canadian stroke best practice 
recommendations: Stroke rehabilitation practice guidelines, update 2015 
International Journal of Stroke 2016;11:459-84.

229. National Institute for Health and Care Excellence. Stroke rehabilitation in 
adults. https://www.nice.org.uk/guidance/cg162/chapter/1-Recommendations 
(accessed 23/07/2019).

230. Hillier S, Inglis-Jassiem G. Rehabilitation for community-dwelling people 
with stroke: home or centre based? A systematic review. International Journal of 
Stroke 2010;5:178-86.

231. Beech R, Rudd AG, Tilling K, et al. Economic consequences of early inpatient 
discharge to community-based rehabilitation for stroke in an Inner-London teaching 
hospital. Stroke 1999;30:729-35.

232. Luengo-Fernandez R, Gray AM, Bull L, et al. Quality of life after TIA and 
stroke: Ten-year results of the Oxford Vascular Study. Neurology 2013;81:1588-95.

233. Luengo-Fernandez R, Gray A, Rothwell PM. Population-based study of 
determinants of initial secondary care costs of acute stroke in the United Kingdom. 
Stroke 2006;37:2579-87.

234. Cioncoloni D, Piu P, Tassi R, et al. Relationship between the modified Rankin 
Scale and the Barthel Index in the process of functional recovery after stroke. 
NeuroRehabilitation 2012;30:315-22.

235. Jonsson B. Technology assessment for new oncology drugs. Clin Cancer 
Res 2013;19:6-11.

236. Nichols M, Townsend N, Scarborough P, et al. European Cardiovascular 
Disease Statistics. Brussels: European Heart Network, 2012.

237. Wilkins E, Wilson L, Wickramasinghe K, et al. European Cardiovascular 
Disease Statistics 2017 edition. 2017. http://www.ehnheart.org/images/CVD-
statistics-report-August-2017.pdf (accessed 30/05/2019).

238. European Commission. The 2018 Ageing Report. 2017. https://ec.europa.eu/
info/sites/info/files/economy-finance/ip065_en.pdf (accessed 18/06/2019).

239. Ha TH, Hendrie D, Moorin R. Impact of population ageing on the costs of 
hospitalisations for cardiovascular disease: a population-based data linkage study. 
BMC Health Services Research 2014;14:554.

240. Caley M, Sidhu K. Estimating the future healthcare costs of an aging 
population in the UK: expansion of morbidity and the need for preventative care 
Journal of Public Health 2011;33:117-22.

https://www.nice.org.uk/guidance/cg162/chapter
http://www.ehnheart.org/images/CVD-statistics-report-August-2017.pdf
http://www.ehnheart.org/images/CVD-statistics-report-August-2017.pdf
https://ec.europa.eu/info/sites/info/files/economy-finance/ip065_en.pdf
https://ec.europa.eu/info/sites/info/files/economy-finance/ip065_en.pdf


AT WHAT COST – The Economic Impact of Stroke in Europe

129

241. European Commission. Joint Report on Health Care and Long-Term Care 
Systems and Fiscal Sustainability – Country Documents 2019 Update. https://
ec.europa.eu/info/publications/joint-report-health-care-and-long-term-care-
systems-and-fiscal-sustainability-country-documents-2019-update_en (accessed 
15/07/2019).

242. Drummond MF, Sculpher MJ, Torrance GW, et al. Methods for the Economic 
Evaluation of Health Care Programmes. Oxford: Oxford University Press 2005.

243. Gold MR, Siegel JE, Russell LB, et al. Cost-effectiveness in health and 
medicine. New York: Oxford University Press 1996.

244. Johannesson M, Karlsson G. The friction cost method: A comment. Journal 
of Health Economics 1997;16:249-55.

https://ec.europa.eu/info/publications/joint
https://ec.europa.eu/info/publications/joint


ABOUT SAFE

The Stroke Alliance for Europe (SAFE) an international non-profit-
making organisation formed in 2004 in Brussels, Belgium. It is the 
voice of stroke patients in Europe, representing a range of stroke 
support organisation from more than 30 European countries. 

SAFE’s goal is to decrease the number of strokes in Europe 
by advocating for better prevention, access to adequate 
treatment, post-stroke care and rehabilitation.

For more information about SAFE, please visit www.safestroke.eu.

Registered office 
Rue Washington 40, Brussels 1050, Belgium,

Registered non-profit association (Association Sans But Lucrative)  
ASBL 0661.651.450

www.safestroke.eu

info@safestroke.eu

https://www.facebook.com/safestroke/

https://twitter.com/StrokeEurope

© SAFE 2020

ISBN 978-1-913302-20-7

This report was made possible through educational grants from the following organisations:

http://www.safestroke.eu
http://www.safestroke.eu
mailto:info@safestroke.eu
https://www.facebook.com/safestroke
https://twitter.com/StrokeEurope

	Foreward 
	Introduction
	How much does stroke cost now?
	Investing in stroke care: economic impact
	Authors’ discussion 
	SAFE’s conclusion
	REFERENCES

