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Abstract | This Review presents data describing the health burden of cardiovascular disease 16 

(CVD) within and across the WHO European Region. CVD remains the most common cause 17 

of death in the region. Deaths from CVD in those under the age of 70 years, commonly 18 

referred to as premature, are a particular concern, with more than 60 million Potential Years 19 

of Life Lost (PYLLs) to CVD within Europe annually. Although more females than males die 20 

from CVD, age standardised rates of both mortality and morbidity are higher in males, with 21 

these difference in rates greatest in those aged less than 70 years. Large inequalities for all 22 

measures of mortality, morbidity and treatment can be found between countries across the 23 

continent and must be a focus for improving health. It is also apparent that there are large 24 

differences between countries in the data available. The development and implementation of 25 
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evidence-based preventive and treatment approaches must be supported in all countries by 26 

consistent surveillance and monitoring, such that we can quantify the health burden of CVD, 27 

as well as target interventions and provide impetus for action across Europe. 28 

 29 

 30 

Introduction 31 

Cardiovascular disease (CVD) remains the most common cause of death worldwide, with the 32 

Global Burden of Disease (GBD) study estimating that 17.8 million deaths occurred due to 33 

CVD globally in 20171. This demonstrated a 21% increase in the number of people dying 34 

from CVD in the decade leading up to 2017, with ischaemic heart disease (IHD) and stroke 35 

accounting for close to 50% and 35% of these CVD deaths, respectively. However, over the 36 

same period, age standardised deaths rates for CVD decreased by around 10%1. 37 

Similarly, in Europe, despite large declines in age standardised deaths for CVD2–9, 38 

IHD10 and stroke11 in recent decades across Europe, CVD remains the most common cause of 39 

death in the region4,6,7. Previous publications have reported that CVD kills close to 4 million 40 

people in Europe every year, around 44% of all deaths, with IHD accounting for 44% of these 41 

CVD deaths and stroke 25%2–4,7,8. 42 

Disparities are found across the continent, with large differences in current age 43 

standardised and crude mortality rates for CVD between countries2–8. In general, both metrics 44 

are lower in the more affluent countries, with a number of high income countries in Europe 45 

now experiencing a greater number of deaths from cancer than CVD, most commonly in 46 

men, but also in women4,7. This NCD mortality transition has been caused by large decreases 47 

in CVD mortality over recent decades, compared with much smaller reductions in cancer 48 

mortality over the same time period12.  49 
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The burden of CVD does not come solely from the deaths caused by it. CVD 50 

morbidity and associated disability are important considerations in the epidemiology of the 51 

disease, with large variations in incidence and prevalence found across the European 52 

continent2–9. Overall, the number of people who have CVD has increased within Europe. 53 

Between 1990 and 2015, most European countries reported an increase in incident CVD, 54 

which is most likely to be due to an ageing population and increases in population size, as age 55 

standardised rates for both incidence and prevalence have decreased4–7. 56 

 Continued surveillance and monitoring of CVD within the European region is crucial 57 

if we are to build on and scale up effective CVD prevention and treatment approaches.  Such 58 

epidemiological data may help to understand the distribution of the burden from CVDs, 59 

thereby allowing future trends to be identified and interventions to be targeted, as well as 60 

providing impetus for action across the continent13–16. 61 

 In this Review, we present a series of data related to the mortality, morbidity, and 62 

treatment of CVD throughout Europe. These data, collated by central sources, are drawn from 63 

the European Society of Cardiology (ESC) Atlas that is compiled and regularly updated by 64 

the European Heart Agency, Brussels, Belgium17 to provide country-level CVD 65 

epidemiological data for the 57 ESC member states5,6. Within this article we focus on the 53 66 

WHO European defined countries, comparing between countries and sub-regions. We also 67 

include health treatment data, including length of hospital stay, case fatality and hospital 68 

admissions, that have not been included in previous Atlas publications. 69 

 70 

Definitions and data sources 71 

Cardiovascular diseases 72 

Throughout this Review, we present data for all CVD with a focus on the two most common 73 

forms: IHD and stroke. The following ICD codes have been used for collating data in this 74 



4 
 

Review: CVD (ICD-10 codes I00-I99; ICD-9 codes 390.0-459.9; ICD-8 codes 3900-4589) 75 

IHD (ICD-10 codes I20-I25; ICD-9 and ICD-8 codes 4100-4149) stroke (ICD-10 codes I60-76 

I69; ICD-9 and ICD-8 codes 4300-4380). Where data were collated by an external 77 

organisation, further details are available from that source.  78 

 79 

Europe 80 

There are a number of definitions for ‘Europe’. In this review, we follow the 53 member 81 

states of the World Health Organization’s (WHO’s) European Region18. Aggregated data are 82 

also presented for different geographical sub-regions for countries within Europe, using the 83 

United Nations (UN) sub-regional classification. The 53 member states of the WHO 84 

European Region can be found in the following UN sub-regional classifications: Western 85 

Asia, Central Asia, Northern Europe, Western Europe, Southern Europe and Eastern 86 

Europe4,19.  87 

 88 

ESC Atlas of Cardiology 89 

Data were provided by the ESC Atlas of Cardiology that contains more than 100 variables 90 

relating to human and capital infrastructure and major cardiovascular interventions and 91 

services for ESC member countries17,20,21. The Atlas is maintained by the ESC Health Policy 92 

Unit in Brussels to be used for promoting evidence-based health policy and practice in 93 

cardiology for ESC countries17,20,21. These data were expanded to include all 53 WHO 94 

European region countries, although quality and coverage of data varies by topic.  95 

 96 

Mortality data 97 

Mortality data come from the WHO mortality database, which collates data reported by 98 

national authorities based on their vital registration systems22–24. All analyses, interpretations, 99 
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and conclusions are those of the authors, not the WHO, which is responsible only for the 100 

provision of the original information. 101 

From these primary data, mortality rates are calculated using country-level data on 102 

population size as denominators, taken from the same database. Age standardised rates are 103 

computed using the direct method25 with the 2013 European Standard Population (ESP) to 104 

control for cross-national differences in population age structures. The 2013 ESP was 105 

developed as an update to the 1976 ESP by the European Commission for the EU27 and 106 

European Free Trade Association countries, to reflect better the age structure of the current 107 

European population26. Age standardised rates can only be calculated where data on the 108 

absolute number of an outcome and the population are available in comparable age-specific 109 

aggregates. Where rates are presented for the ‘most recent year’, this relates to the most 110 

recent data for which both mortality and population data were available.  111 

Premature mortality statistics also come from the WHO mortality database and 112 

identify deaths under the age of 70 years as premature, to align with WHO targets13,27,28. 113 

Given that CVD risk increases with age we expect such ageing-associated diseases to 114 

increase29. However, deaths at younger ages are an important measure because they are 115 

considered avoidable and represent a metric of unfulfilled life13,14,30. Such premature 116 

mortality data are supported by estimates of Potential Years of Life Lost (PYLLs) provided 117 

by the Global Burden of Disease (GBD) study, conducted by the Institute for Health Metrics 118 

and Evaluation (IHME), University of Washington, USA31. PYLL is a summary measure of 119 

premature mortality, taking into account the age at which an individual died and relating it to 120 

their life expectancy, thereby giving greater weight to deaths at younger age and lower 121 

weight to deaths at older age32,33. 122 

 123 

Morbidity data 124 
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Estimates of CVD incidence and prevalence come from the GBD study. The estimates are 125 

derived in the GBD study using modelling software and data from health surveys, prospective 126 

cohorts, health system administrative data, and registries1,34. The GBD study also provides 127 

estimates of disability-adjusted life years (DALYs). One DALY is equivalent to 1 year of 128 

healthy life lost and is a composite measure of years of life lost due to death from a condition 129 

and years lived with disability due to a condition35,36. Age standardized rates provided by the 130 

GBD study are based on the GBD world population age standard1. 131 

 132 

Hospital treatment data 133 

Hospital discharge data on CVD, IHD and stroke were drawn from the WHO European 134 

Region’s Health for All Database. These data were in turn sourced from the national 135 

registries of each country and provide an indication of the burden of CVD on health services 136 

within European countries. Data on the average length of stay (ALOS) in hospital for 137 

myocardial infarction, stroke and heart failure, are provided by the Organization for 138 

Economic Co-operation and Development (OECD), for those European countries which are 139 

also part of the OECD. ALOS is generally measured by dividing the total number of hospital 140 

days stayed by all patients during a year by the number of cause-specific admissions or 141 

discharges37. The OECD also presents 30-day case-fatality rate as a proportion of people aged 142 

45 years and over who die within 30 days following admission to hospital for myocardial 143 

infarction, and ischaemic stroke (IS) which represents around 85% of all cases of 144 

cerebrovascular disease38,39 age-sex standardised to the 2010 OECD population. 145 

 146 

Data presentation 147 

Data presentation in this Review is descriptive, illustrated by tables and charts produced by 148 

the ESC Atlas Publication Committee. No attempt is made to attach statistical significance to 149 
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temporal trends or to differences observed in stratified analyses and there is no assumption of 150 

causation when associations are identified. Medians of country-level data are presented, with 151 

box plots used to depict differences between groups. Temporal changes are presented where 152 

available, using locally weighted polynomial smoother (LOWESS)40. 153 

 154 

Data availability and coverage 155 

Mortality data taken from the WHO mortality database differ between countries in coverage. 156 

With no data available for Monaco, mortality data were obtained for 52 countries. The most 157 

recent year of data was 2017 for seven (13%) countries, 2016 for 24 (46%) countries, and 158 

2015 for 11 (21%) countries. There were three countries in which the most recent year of 159 

mortality data came from 2010 or before: Albania (2010), Montenegro (2009) and Azerbaijan 160 

(2007). Mortality rates that require population data from the same year, showed a similar 161 

patter, although for six countries rates calculated using population and mortality data were 162 

older that the most recent year of mortality data: France (rates one year older than most recent 163 

mortality data), Spain (one year older), Switzerland (three years older), San Marino (10 years 164 

older), Tajikistan (12 years older), and Turkmenistan (17 years older). 165 

It was possible to obtain mortality trend data from 1979 for 11 (21%) countries. For 166 

13 (26%) countries the earliest year of available data came from 1990 onwards, with no data 167 

available from before the year 2000 for four of these: Uzbekistan (oldest year of data 168 

available = 2004), Turkey (2009), Andorra (2011), and Tajikistan (2016). Of the possible 38 169 

years of mortality data, between 1979 and 2017, only seven countries provided data for every 170 

year: Austria, Belgium, Greece, Israel, Luxembourg, Netherlands, and Romania. A further 171 

seven countries provided 37 years of data, all of which were from Northern, Southern or 172 

Western Europe. Ten countries (19%) provided less than half the data points, with three of 173 

these providing less than 10 years of data: Turkey (8 years of data), Andorra (n = 5), and 174 
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Tajikistan (n = 1). Data on Potential Years of Life Lost (PYLLs), along with morbidity data, 175 

modelled by the GBD, provided greater coverage, with estimates calculated for 2017 for all 176 

countries except for San Marino and Monaco. Trend data for these GDB estimates were 177 

available for all data points between 1990 and 2017 for all other countries.  178 

Much greater variation was found within hospital treatment data with 10 of 53 (19%) 179 

countries providing data on CVD hospital discharges from 2016 or 2017, whilst for 21 (40%) 180 

countries the most recent data preceded 2010. OECD data on Average Length of Hospital 181 

Stay (ALOS) and case fatality were only available for OECD countries, covering less than 30 182 

(57%) of the European Region Member States. There was wide variation in years of data 183 

available between these OECD members. 184 

 185 

Mortality from CVD in Europe 186 

Data on the current mortality burden of CVD in Europe, including number of deaths, 187 

premature mortality, age standardised and crude rates, along with measures on potential years 188 

of life lost can be found in Supplementary Table 1. 189 

 190 

Number of deaths 191 

Using the most recent data available, CVD caused just over 3.8 million deaths per year across 192 

Europe, accounting for more than 2 million deaths in females and just under 1.76 million 193 

deaths in males. This corresponded to 39% of total deaths in males and 46% of total deaths in 194 

females. In comparison, cancer, the second most common cause of death in Europe, 195 

accounted for 24% of all deaths in males and 20% in females. Equally, within individual 196 

countries, the median percentage of total deaths that CVD caused was greater for females 197 

(47%) than males (38%). 198 
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Of the CVD deaths, IHD was the most common, accounting for 47% of all CVD 199 

deaths in males and 40% of all CVD deaths in females. Similar numbers of males (n = 200 

819,104) and females (n = 813,191) died of IHD, whereas more than five hundred thousand 201 

females died from stroke, compared to less than four hundred thousand males. 202 

 The median percentage of CVD deaths was greater than the median percentage of 203 

deaths caused by cancer for both sexes (female median = 47% vs 22% for CVD and cancer 204 

respectively, male median = 37.5% vs 27%). There were 15 countries (28%) in which more 205 

males died of cancer than CVD and six countries (11%) in which this was the case for 206 

females (Figure 1). 207 

 Countries within the Eastern European sub-region had the highest median percentage 208 

of all deaths that were due to CVD in both males (48%) and females (57%). It was also one 209 

of the only two sub-regions, along with Central Asia, in which no country had a greater 210 

number of deaths from cancer than CVD in either sex.  Countries in Western European had 211 

the lowest median percentage of all deaths due to CVD in males (29%), whilst for females it 212 

was Northern European countries (33%) although this was similar to that found in Western 213 

Europe (34%). 214 

 215 

Premature mortality 216 

CVD accounted for more than 900,000 premature deaths (those in individuals aged less than 217 

70 years), with more than twice as many males dying from CVD before the age of 70 years 218 

than females. CVD accounted for close to one-third (32%) of all premature deaths in males 219 

and 28% of all premature deaths in females. This compared to 25% of premature deaths in 220 

males due to cancer and 36% in females. Stroke accounted for a greater proportion of 221 

premature CVD deaths in females (27%) than in males (20%), although IHD accounted for 222 

around half of all CVD deaths in males (51%) compared to 42% in females.  223 



10 
 

Median proportions of premature deaths caused were similar between CVD (30%) 224 

and cancer (31%) for males, although for females they were greater for cancer (median = 225 

44%) than CVD (median = 24%). In 24 (46%) countries, CVD caused fewer deaths in males 226 

under the age of 70 than cancer; this was the case for 35 countries (67%) in females. 227 

Median proportions of all deaths due to CVD, in those under 70 years, were greatest 228 

in countries in Central Asia (male median = 35%, female median = 35%) and Eastern Europe 229 

(male median = 36%, female median = 34%). Central Asia was also the only sub-region in 230 

which no country had more premature deaths due to cancer than CVD. Western Europe had 231 

the lowest proportion of all premature deaths due to CVD in both males (median = 19%) and 232 

females (median = 14%). It was also the only sub-region in which all countries had more 233 

premature deaths from cancer than CVD in males. Cancer also caused more premature deaths 234 

than CVD amongst females in both Western and Southern European regions (Figure 2). 235 

 236 

Age Standardised Mortality Rates  237 

CVD mortality rates, age standardised to the 2013 European Standard Population (ASMRs), 238 

were higher in males (median = 551/100,000) in Europe than females (median = 239 

441/100,000), with a greater difference in ASMRs for IHD (males median = 203/100,000; 240 

females median = 113/100,000; relative difference = 80%) than for stroke (males median = 241 

118/100,000; females median = 105/100,000; relative difference = 12%).  242 

Median ASMRs were greater in males than females in all European regions, with the 243 

highest median CVD ASMRs found in Central Asian countries for both sexes (male median 244 

= 1,305/100,000, female median = 967/100,000). The lowest ASMRs were found within the 245 

Western European countries for both males (median = 324/100,000) and females (median = 246 

234/100,000) (Figure 3). 247 
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ASMR trends for CVD have shown a decrease from 1995 to 2015 in most countries, 248 

with relative decreases similar between males and females for total CVD, IHD and stroke 249 

(Supplementary Figures 1-3). Although data for a very small number of countries suggest 250 

there may have been some plateauing of decreasing trends in CVD, these are also in countries 251 

with a smaller number of time point data and less consistent mortality reporting. Eastern 252 

European and Central Asian countries have poorer coverage of mortality statistics over time 253 

(Supplementary Table 2). They have also demonstrated the smallest reductions and, 254 

consequently, the worst median ASMRs for CVD, IHD and stroke for both sexes. 255 

 256 

Crude mortality rates 257 

Crude mortality rates for CVD within Europe in all ages are similar for females (median = 258 

344/100,000) and males (median = 324/100,000). However, males had two times higher 259 

median crude rates (110/100,000) than females (54/100,000) in those under 70 years of age. 260 

Crude CVD mortality rates were highest in Eastern European countries for both sexes 261 

for all ages (male median = 633/100,000, female median = 673/100,000) and those aged 262 

below 70 years (male median = 253/100,000, female median = 119/100,000). They were 263 

lowest in Western European countries for all ages in males (median = 243/100,000) but 264 

lowest in Western Asian countries amongst females (median = 268/100,000). They were 265 

lowest in Western Europe for those under 70 years of age in both males (median = 266 

52/100,000) and females (median = 25/100,000). 267 

As with ASMRs, consistent decreases in crude death rates for CVD for all ages have 268 

been seen across the WHO European Region between 1979 and 2017. Decreases were similar 269 

between the sexes. Western European countries have shown the most consistent decreases in 270 

crude rates during this period, whereas Eastern European countries have experienced the 271 

smallest change (Supplementary Table 3). These decreases have also been seen in crude 272 
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mortality rates in those under 70 years of age, with greater absolute decreases in males but 273 

greater relative decreases in females. Western, Northern and Southern European countries 274 

have shown the greatest relative decreases over this time, although Western and Southern 275 

countries started with lower crude rates, such that their absolute decreases may not have been 276 

as great as other regions (Figure 4; Supplementary Table 4).  277 

 278 

Potential Years of Life Lost 279 

In total, there were 60 million PYLLs to CVD within the European region in the most recent 280 

year of data. The 34.5 million PYLLs to CVD in males was the equivalent of 34% of all 281 

PYLLs in males, whilst the 25.7 million CVD PYLLs in females accounted for 38% of all 282 

PYLLs.  283 

Individual countries showed a median percentage of all PYLLs that were caused by 284 

CVD in males of 33%, for females this was 35%. This compares to a median percentage of 285 

PYLLs lost to cancer of just over 30% in both. In 21 countries (41%) a greater number of 286 

PYLLs were lost to cancer than CVD amongst females and there were 18 countries (35%) in 287 

which this was the case for males. 288 

The highest proportion of PYLLs lost to CVD was found within Eastern European 289 

countries in both sexes (male median = 38%, female median = 48%) with the lowest in 290 

Western European countries (male median = 25%, female median = 24%). The Western 291 

European region was the only one in which no country lost more PYLLs to CVD than cancer 292 

in both sexes. In contrast there were no countries in Central Asia or Eastern Europe that lost 293 

more PYLLs to cancer than CVD for either sex (Supplementary Table 1). 294 

 295 

Morbidity from CVD in Europe 296 

Incidence 297 
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Overall in Europe, for the most recent year reported (2017), age standardised incidence rates 298 

(ASIRs) for total CVD, calculated using GBD estimates, were higher in males (median = 299 

1325/100,000) than females (median = 1029/100,000). Higher median rates were also found 300 

in men for IHD (male median = 223/100,000, female median = 120/100,000) and stroke 301 

(male median = 150/100,000, female median = 126/100,000). Central Asia reported the 302 

lowest total CVD ASIRs for both sexes (male median = 1006/100,000, female median = 303 

837/100,000), whilst the highest total CVD ASIRs were found in Western Europe for both 304 

sexes (male median = 1463/100,000, female median = 1130/100,000) (Figure 5). Eastern 305 

European countries showed the highest ASIRs in both sexes for both IHD (Male median = 306 

290/100,000, Female median = 164/100,000) and stroke (male median = 204/100,000, female 307 

median = 163/100,000). Southern European countries demonstrated the lowest ASIRs for 308 

IHD (male median = 198/100,000, female median = 97/100,000) and Western European 309 

countries the lowest for stroke (male median = 109/100,000, female median = 93/100,000). 310 

Notably, there have been consistent decreases in ASIRs for both IHD and stroke for both 311 

sexes across European countries between 1990 and 2017 (Supplementary Table 5).  312 

 313 

Prevalence 314 

Median age standardised rates for prevalence (ASPRs), across the continent for 2017, were 315 

higher in males than females for total CVD (male median = 7,077/100,000, female median = 316 

6,026/100,000) and IHD (male median = 2,528/100,000, female median = 1,752/100,000) but 317 

were similar between the sexes for stroke (male median = 1,187/100,000, female median = 318 

1,188/100,000). Total CVD ASPRs were highest in Eastern Europe for both males (median = 319 

7,847/100,000) and females (median = 6,564/100,000). They were lowest in Central Asia for 320 

males (median = 6,976/100,000) and Northern Europe for females (median = 5,561/100,000) 321 

(Supplementary Figure 4). IHD ASPRs were lowest in Western Europe for both sexes (male 322 
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median = 1,982/100,000, female median = 945/100,000) as were stroke ASPRs (male median 323 

= 1,014/100,000, female median = 875/100,000). ASPRs for were highest in Eastern Europe 324 

in both sexes for both IHD (male median = 3,123/100,000, female median = 2,185/100,000) 325 

and stroke (male median = 1,699/100,000, female median = 1,500/100,000). As with 326 

incidence, consistent decreases in ASPRs for total CVD, IHD and stroke have been seen 327 

across Europe between 1990 and 2017 (Supplementary Table 6).  328 

 329 

Disability Adjusted Life Years (DALYs) 330 

Total CVD median Age Standardised Disability Adjusted Life Years (ASDALYs) were 331 

substantially higher in males (5,205/100,000), in the most recent year of data (2017), than 332 

females (2,844/100,000). IHD ASDALYs were more than twice as high in males 333 

(2,927/100,000) than females (1,249/100,000) and were also higher in males for stroke (male 334 

median = 1,139/100,00, female median = 810/100,000). Median ASDALYs were lowest in 335 

Western European countries for total CVD (male median = 2,563/100,000, female median = 336 

1,513/100,000), IHD (male median = 1,242/100,000, female median = 520/100,000) and 337 

stroke (male median = 552/100,000, female median = 451/100,000). They were highest in 338 

Central Asian countries for all conditions in both sexes (total CVD median male = 339 

11,786/100,000, female = 6,567; IHD median male = 6,399/100,000, female = 340 

3,617/100,000; stroke median male = 3,277/100,000; female = 2,180/100,000) 341 

(Supplementary Table 7).  342 

Age standardised DALYs (ASDALYs) for total CVD have also fallen between 1990 343 

and 2017. As with mortality, although Western, Southern and Northern European countries 344 

started with lower ASDALYs, they also experienced more consistent decreases. Central 345 

Asian counties, in comparison, experienced later decreases in ASDALYs, for both sexes, in 346 

total CVD, CHD and stroke, over this period of time (Supplementary Figures 5-7).  347 
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 348 

Hospital treatment 349 

Between 1970 and 2017, the number of, and crude rates for, hospital discharges, for CVD, 350 

IHD and stroke have increased across the WHO European region. However, trends in 351 

Northern and Western Europe demonstrate some recent plateauing (Figure 6; Supplementary 352 

Table 8). OECD data for 28 countries, show that the average length of stay (ALOS) in 353 

hospital following admission for CVD has also decreased since 2000. For example, the 354 

median ALOS for AMI decreased from around 10 days to less than a week between 2000 and 355 

2017. There have been less consistent decreases in ALOS for stroke, with patients still 356 

spending around two weeks in hospital. There is greater variation between regions in the 357 

median ALOS for heart failure and stroke than for myocardial infarction (Supplementary 358 

Figure 8, Supplementary Table 9). 359 

Case fatality rates, also from OECD data, are greater for haemorrhagic stroke (male 360 

median = 23.2%, female median = 24.4%; country n = 26) than for both ischemic stroke 361 

(male median = 7.9%, female median = 9.0%; country n = 26) and myocardial infarction 362 

(male median = 6.6%, female median = 7.0%; country n = 27). Although trend data are 363 

presented for only a limited number of countries, where they are available consistent 364 

decreases have been seen in case fatality for all conditions, in both sexes, with these relative 365 

decreases greatest for myocardial infarction and lowest for haemorrhagic stroke 366 

(Supplementary Table 10).  367 

 368 

Discussion 369 

Epidemiological surveillance is central to addressing the substantial burden of CVD both 370 

across the European region and within individual countries41–44. This Review highlights large 371 

heterogeneity between countries in the CVD data available. In particular, there was a paucity 372 
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of information about CVD morbidity, with this Review using modelled estimates from the 373 

Global Burden of Disease study. Initiatives are therefore required to standardise and enable 374 

data collection within Europe in order to overcome this gap, essential for providing robust 375 

evidence to policy makers.  376 

Mortality data demonstrate that CVD remains the most common cause of death within 377 

the European region. It is apparent, however, that CVD mortality continues to decrease once 378 

adjusted for population size and age. Along with large between country and sub-regional 379 

inequalities in CVD mortality, differences in the burden of CVD in Europe are also found 380 

between males and females. Although more women than men die from CVD in the region, 381 

higher age standardised mortality rates and deaths in those aged under 70 years demonstrate 382 

that CVD remains a greater burden amongst men in all countries. This is highlighted through 383 

premature mortality statistics indicating that although CVD is the most common cause of 384 

premature death in men, more women die prematurely from cancer than CVD.  385 

Similarly, morbidity estimates, including DALYs, show a greater burden in men than 386 

women with large differences also found between countries in all morbidity measures. Some 387 

differences in mortality and morbidity may be due to diversities in treatment options found 388 

across the continent. High incidence rates for CVD in Western and Northern European sub-389 

regions, along with comparatively low mortality rates, could be due to better diagnosis and 390 

treatment in these countries. Further work should be done to explain these sub-regional and 391 

country differences, particularly in relation to heterogeneity in cardiological specialist 392 

provision, hospital facilities, and healthcare delivery6.  393 

Estimates for the total number of deaths in Europe are consistently lower in this 394 

Review than reported in previous publications3,7,8. In addition, the 15 countries in which more 395 

males died of cancer than CVD and the six countries in which this was the case for females 396 

reported in the current paper, compares to the 12 countries for males and two countries for 397 
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females, reported in a similar paper on CVD epidemiology in Europe that used data from 398 

2014 and before7. It is beyond the scope of this Review to undertake in-depth statistical 399 

analysis. We focus on presenting and discussing summary statistics that do not infer 400 

causality. This means that although we describe trends, along with differences between 401 

countries and sub-regions, we do not try to attach statistical significance to them. Earlier 402 

papers using joinpoint analysis to analyse trends in both IHD10 and stroke11 have reported 403 

similar overall decreases in age-standardised rates, as presented here. However, both papers 404 

have identified some evidence in plateauing of trends in individual countries, when 405 

considering disease sub-types in stroke11 and examining trends by sex10. Larger publications 406 

have also included measures for behavioural and physiological risk factors, we do not do so 407 

here, although we acknowledge that they are an important focus in the prevention and 408 

treatment of CVD in all countries and regions2,4–6. These include previous reports from the 409 

Atlas publication committee5,6 covering all 57 Member States of the ESC, rather than the 53 410 

countries in the European Union. 411 

 412 

Limitations 413 

Throughout this review, we focus on between-country rather than within-country inequalities, 414 

despite strong evidence that the later exist within many European countries45–56. All data 415 

presented in this Review were compiled from major data sources including the WHO, OECD 416 

and GBD, rather than collecting from individual countries, in order to be consistent and 417 

comparable between countries and across Europe. These data were chosen to achieve the 418 

highest possible coverage of the European region, data quality and most recent data. The 419 

sources we utilised are generally updated through routine and administrative mechanisms, 420 

relying on individual countries to provide the data they collate. For example, data included in 421 

this publication from the WHO Mortality Database are as submitted by individual countries 422 
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to the WHO. No adjustments have been made to account for potential bias in reporting. As a 423 

result, the quality of mortality data likely varies between countries, depending on the 424 

functioning of vital registration systems. Even for countries with strong vital registration 425 

systems, however, regional patterns of clinical diagnosis may limit inter-country 426 

comparability.  427 

Similarly, in order to provide time trend data of a reasonable length, in this paper up 428 

to 48 years for some measures, we must incorporate data that span the use of several versions 429 

of the ICD. This means that definitions of some conditions may have changed over time. The 430 

use of relatively broad disease categories, for which the implications of coding changes are 431 

small, may help alleviate some concern over this. Although variability between countries in 432 

coding practices at any one time, or over the course of the trend data, may occur. 433 

 Reporting deaths, including a record of cause, is often a mandatory part of a country’s 434 

vital statistics system, with it required by most national health authorities57. This means that 435 

although quality of this reporting may vary between countries, good coverage in mortality 436 

statistics across Europe can be assumed. This is not the case for morbidity data, with the 437 

aggregation of incidence and prevalence data from national statistics being rare in the 438 

majority of European countries. For this reason, we used GBD country-level point estimates 439 

of CVD morbidity. The accuracy of modelled estimates is heavily dependent on the original 440 

data used, which can be a concern when recent data have not been collected or data are 441 

incomplete58,59. Modelled estimates are, therefore, open to concerns regarding accuracy when 442 

describing the national level of CVD burden and may change as more recent data become 443 

available60. Despite recent critique in terms of methodology, culture, and qualitative 444 

differences, in addition to a lack of homogeneity in access to resources61, GBD estimates 445 

remain the best available option, in the absence of consistent and systematic collection of 446 

CVD morbidity data across the continent.  447 
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The development of sustainable national surveillance systems for CVD morbidity, 448 

within individual countries, would be key in understanding disease occurrence across the 449 

continent and in informing context relevant approaches to prevent and control CVD. In order 450 

to establish contemporary surveillance systems for CVD health outcomes and treatment, 451 

countries could consider repurposing electronic health records (HER) routinely collected 452 

through health information systems (HIS)62. Such approaches could learn from, and build on, 453 

the success of the WHO Multinational MONItoring of Trends and Determinants in 454 

CArdiovascular Disease (MONICA) Project that remains the most comprehensive approach 455 

to understanding better disease etiology, incidence and trends at the population level63–65. Set 456 

up in response to calls for more population-based disease surveillance, due to the epidemic 457 

proportions of CHD experienced in western countries after World War II, the objective of the 458 

MONICA Project was to measure trends in cardiovascular mortality and morbidity and to 459 

assess the extent to which these trends related to changes in risk factor levels and/or medical 460 

care, measured at the same time in defined communities in different countries across 38 461 

populations in 21 countries worldwide63–65.  462 

Lastly, within this paper we present data on the epidemiology of CVD within the 463 

WHO European region. Although these data highlight the variation across the region in CVD 464 

mortality, morbidity and treatment, we make no attempt to analyse the reasons behind these 465 

variations, due to the complexity in their determination. Previous publications have found 466 

that a combination of treatment and prevention efforts have played a crucial role in 467 

decreasing the burden of CVD within some European countries66–69. Similarly, studies have 468 

reported large variations in the prevalence of key CVD behavioural risk factors and 469 

healthcare delivery, across Europe4–6,70. Simple analyses have also demonstrated that less 470 

affluent countries, as defined by GDP per capita, along with those with lower health care 471 

expenditure, tend to have a higher burden from CVD, as defined by mortality6. Alongside 472 
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this, further research has considered the role of wider determinants, including such risk 473 

factors as air pollution71,72, that may link to CVD outcomes. These findings point to the 474 

complexity in the multifaceted determination of CVD and its risk factors, highlighting the 475 

challenge faced in trying to account for all these factors when unravelling the inequalities in 476 

CVD burden found across Europe.   477 

  478 

Conclusions 479 

The data presented in this Review shed light on the significant burden of CVD across 53 480 

countries in the WHO European Region. While CVD continues to have a major impact on 481 

health in the European region, important diversities exist across the continent. This 482 

observation supports calls to reduce the burden from CVD and lessen inequalities through the 483 

implementation of targeted evidence-based treatment and preventive approaches across all 484 

countries in the region. A prerequisite for the achievement of this goal is to provide a 485 

consistent, comprehensive and reliable estimates of the actual burden of CVD across and 486 

within countries of the European region.  487 

 488 
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 664 

Key points 665 

• Cardiovascular disease (CVD) remains the most common cause of death in the European 666 

region. 667 

• More than 60 million Potential Years of Life are Lost (PYLLs) to CVD within Europe 668 

annually. 669 

• More females than males die from CVD within Europe. 670 

• Age standardised rates of both mortality and morbidity are higher in males than females. 671 

• In 15 of the 53 European region countries, more males died of cancer than CVD, with this 672 

the case for females in six countries. 673 

• Large inequalities in country level mortality, morbidity, and treatment outcomes along 674 

with data coverage can be found across the continent. 675 


