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The different forms of computational science, whether 
descriptive, diagnostic, predictive, prescriptive, or 
preventive, are helpful in creating predictive models  
based on regression techniques like linear regression, 
discrete choice, time series, classification trees, Machine 
Learning and Data Mining methods like Gradient 
Boosting, Random Forest, and Bagging used to produce 
decision tree models, as well as plus “Bayesian Analysis” 
and “Artificial Neural Networks”. 

These tools can be used to combine learning models 
and improve overall results by analysing and relating 
large blocks of data (data mining) to extract patterns 
and significant trends and in that way create “decision 
models” based on such methods as “system dynamics”, 
developed at MIT. Table 1. 

These methods allow us to analyse and model 
behaviour over time in complex chaotic systems like the 
human body and to describe the relationships among 
all the decision elements and thus be able to use large 
numbers of variables and structural data to predict 
outcomes and arrive at more objective decisions with 
greater certainty. 

In medicine generally and in cardiovascular medicine in 
particular, “predictive analytics” are extremely helpful 
in deciding which patients are at risk of developing 
certain pathological conditions or cardiovascular 
diseases (CVDs) and in providing a basis for decision-
making when choosing among the various treatment 
and care options. 

Predictive analytics tools are important to be able to implement preventive measures to keep dangerous 
cardiovascular conditions, the most common cause of death worldwide, from developing and in that way reduce 
health insurance claim rates. 
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GRADIENT BOOSTINIG: MACHINE LEARNING irECHNIQU E USED IN 

REGRESSION AND CLASSIFICATION TASKS, AMONG OTHERS. IT GIVES A 

PRED ICTION MODEL IIN TH E FORM OF AN ENSEMBLE OF W EAK 

PRED ICTION MODELS, WH ICH ARE TYP ICALLY DECISION TREES 

BAYESIAN ANALYSIS: BASED ON SU B_IECTIVE PROBABILlliY CONSIDERING 

lHE KNOWLEDGE ACQU IRED PRIOR TO RES EARCH, PLUS THE EVIDENCE 

OBTAIINED THEREOF 

ARTIIFIICIAL NEURAL NETWORKS: IIMlfATING HI.JMAN BRAIN 

PER FORMANICE WITH ITS CAPACITY TO LEARN OR ADAPT, TO ORGANIS E 

OR GENERALISE DATA 

RANDOM FOREST: TECHNIQUE TO BUILD AN ENSEMBLE OF DEC ISION 

TREES WITH TH E IDEA THAT A COMBINATION OF LEARNING MODELS 

IMPROVES TH E OV ERALL OUTCOM E 

Table 1. Predictive analytics methods used to generate decision models. 
Source: By the autor. 

Claim rates due to cardiovascular diseases 

Cardiovascular diseases have far-reaching social (mortality and morbidity statistics) and economic (public healthcare 
costs) impact. Even so, their great importance and social repercussions notwithstanding, most citizens in the 
European Union (EU) are not yet mindful of the potentially fatal impact of heart disease on the populace. 

A recent survey conducted by Daichi Sankyo, a Japanese pharmaceutical company, in the framework of the We 
Care for Every Heartbeat campaign, in five European countries (United Kingdom, Italy, Germany, Spain, and the 
Netherlands) assessed the level of awareness and understanding of cardiovascular diseases and their impact on 
society by the general population. The survey results show that on average only 24% of respondents knew that 
cardiovascular disease was the leading cause of death in Europe. This figure fell to 19% in Spain, the country in this 
study with the least awareness of the potential impact of heart disease on mortality. 

Mortality worldwide 

According to data reported by the World Health Organization (WHO), the ten main causes of mortality worldwide in 
the most recent period on record, 2019 and 2020, were, in order of rank: 

CVDs accounted for the top two, first myocardial ischaemia (heart attack), followed by neurovascular disorders 
(ischaemic or haemorrhagic stroke). Third was lung disease, first chronic obstructive lung disease (COPD), followed 
by respiratory infections; neonatal mortality; tracheal, bronchial, and lung cancers; Alzheimer’s disease and other 
dementias; digestive disorders producing diarrhoea; diabetes mellitus; and ranked tenth, kidney disease (Figure 1). 
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Leading causes of death globally 
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Figure 1. Leading causes of death worldwide. 
Source: World Health Organization. 

The 10 main causes of death accounted for 55% of the 55.4 million deaths worldwide in 2019. These leading 
causes of death worldwide have been divided into three main categories based on the total number of lives lost: 
cardiovascular diseases (ischaemic heart disease, stroke), respiratory diseases (chronic obstructive lung disease, 
lower respiratory tract infections), and neonatal conditions including asphyxia and birth trauma, sepsis and neonatal 
infections, and preterm birth complications. Causes of death can be grouped into three categories, communicable 
diseases (infectious and parasitic diseases, maternal, perinatal, and nutritional conditions), noncommunicable 
diseases (chronic), and injuries. 

Worldwide, in 2019 7 of the 10 main causes of death were noncommunicable diseases. These 7 causes accounted 
for 44% of all deaths and 80% of all deaths from the 10 leading causes. All noncommunicable diseases together 
accounted for 74% of deaths globally in 2019. Ischaemic heart disease is the main cause of death, accounting for 
16% of total deaths. This disease has been responsible for the largest increase in deaths since the year 2000, rising 
from 2 million deaths in 2000 to 8.9 million deaths in 2019. Stroke and chronic obstructive lung disease are the 
second and third leading causes of death and account for approximately 11% and 6% of all deaths, respectively. 

Lower respiratory tract infections are still the deadliest communicable disease in the world and are the fourth 
leading cause of death. However, the number of deaths has gone down considerably, taking 2.6 million lives in 2019, 
460,000 fewer than in 2000. Neonatal conditions rank fifth. Deaths from neonatal causes are one of the categories 
in which deaths have fallen the most in absolute terms over the past two decades. These conditions took the lives of 
2 million newborns and infants in 2019, that is, 1.2 million fewer than in 2000. 

Deaths from noncommunicable diseases are on the rise. Deaths from tracheal, bronchial, and lung cancers have 
risen from 1.2 million to 1.8 million and now rank sixth among the leading causes of death. Alzheimer’s disease 
and other forms of dementia were the seventh leading cause of death in 2019 and disproportionately affect 
women. Women make up 65% of deaths from Alzheimer’s and other forms of dementia. Diarrhoeal diseases have 
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undergone one of the largest declines in number of deaths, dropping from 2.6 million deaths in 2000 to 1.5 million 
deaths in 2019 worldwide. Diabetes has turned into one of the 10 leading causes of death following an appreciable 
percentage increase of 70% since the year 2000. Of the 10 main causes of death, diabetes is also behind the largest 
increase in deaths in men, rising by 80% since 2000. 

Other diseases that were among the 10 leading causes of death in 2000 are no longer on the list. HIV/AIDS is one 
of these. Deaths from HIV/AIDS have fallen by 51% in the last 20 years, and this cause has dropped from being the 
eighth-ranked cause worldwide in 2000 to nineteenth place in 2019. Deaths from kidney disease have increased, 
and this cause has risen from the 13th cause of death to tenth worldwide. Deaths from this cause rose from 813,000 
people in 2000 to 1.3 million in 2019. 

Main causes of death by income group 

The World Bank classifies the world’s economies into four income groups based on gross national income – low, 
lower-middle, upper-middle, and high. Breaking down reported mortality by country shows that the causes of death 
differ somewhat according to countries’ level of development and GDP (Figure 2). 

Figure 2. Country ranking by income level (2021). 
Source: World Bank. 

Mortality in low-GDP, low-income, less socially and economically developed 
countries 

The main causes of death in low-GDP, low-income, less socially and economically developed countries are neonatal 
mortality ranking first, followed by respiratory infections in second place, and then the CVDs ischaemic heart disease 
ranking third and stroke ranking fourth. Next in order of frequency come diarrhoeal diseases, malaria, traffic 
accidents, tuberculosis, HIV/AIDS, and cirrhosis of the liver (Figure 3). 
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Figure 3. Main causes of death in low-income 
countries. 
Source: World Health Organization. 

According to WHO statistics, people living in low-income countries are far more likely to die from a communicable 
disease than from a noncommunicable disease. Despite a global decline in communicable diseases, they still 
account for 6 of the top 10 causes of death in low-income countries. Malaria, tuberculosis, and HIV/AIDS continue in 
the top 10 leading causes of death. Nevertheless, all three are declining considerably. Among the top 10 causes of 
death in this group, HIV/AIDS has decreased the most, with 59% fewer deaths in 2019 than in 2000, or 161,000 and 
395,000 people, respectively. Diarrhoeal diseases are more significant as a cause of death in low-income countries, 
ranking among  the five main causes of death in this income group. Still, diarrhoeal diseases in low-income countries 
are decreasing, with the second largest decline in fatalities  among the top 10 causes (231,000 fewer deaths). Deaths 
from chronic obstructive pulmonary disease are especially infrequent in low-income countries compared to the 
countries in the other income groups. It is not one of the 10 leading causes of death in low-income countries, yet it 
ranks as one of the top 5 causes in the countries in all other income groups. 

Lower-middle-income countries have the most disparate main causes of death: five noncommunicable, four 
communicable diseases, and injuries. Diabetes is a growing cause of death in this income group, rising from the 
15th to the 9th leading cause of death. The number of deaths from this disease have nearly doubled since 2000. 

Diarrhoeal diseases remain a significant challenge as one of the 10 leading causes of death in the countries in this 
income group. However, this category of diseases has experienced the biggest decrease in absolute numbers of 
deaths, from 1.9 million to 1.1 million between 2000 and 2019. The biggest increase in deaths in absolute numbers 
has been for ischaemic heart disease, with deaths rising by more than 1 million to 3.1 million since 2000. Among the 
10 main causes of death, HIV/AIDS has dropped the most in the ranking since 2000, falling from 8th to 15th. 

Thus, CVDs are now clearly the two main causes of death in the lower-middle-income countries. Myocardial 
ischaemia (heart attack) is the leading cause of death and stroke the second leading cause, followed by neonatal 
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mortality, lung diseases (COPD and respiratory infections), diarrhoeal diseases, tuberculosis, cirrhosis of the liver, 
diabetes mellitus, and traffic accidents (Figure 4). 

Figura 4. Causas principales de mortalidad en los 
países con ingresos medios bajos. 
Fuente: Organización Mundial de la Salud. 

Mortality in upper-middle-income countries 

According to WHO data, in the upper-middle-income countries there has been a notable rise in deaths from lung 
cancer, increasing by 411,000, more than twice the increase in deaths in all the other three income group countries  
combined. Stomach cancer features highly in upper-middle-income countries compared to the other country 
income groups. These countries are the only group in which this disease is one of the 10 main causes of death. 

One of the biggest decreases in deaths in absolute terms is from chronic obstructive pulmonary disease, falling by 
some 264,000, to 1.3 million deaths. However, deaths from ischaemic heart disease have grown by more than 1.2  
million, the largest increase in deaths from this cause, in absolute numbers, in any country income group. There is 
only one communicable disease (lower respiratory tract infections) among the 10 leading causes of death in upper-
middle-income countries. At the same time, there has been a 31% drop in deaths from suicide since 2000 in the 
countries in this income group, falling to 234,000 deaths in 2019. 

In short, cardiovascular diseases, i.e., myocardial ischaemia (heart attack), stroke, and hypertensive heart disease, 
rank first, second, and seventh as causes of death in the upper-middle-income countries. Respiratory diseases  
(COPD, tracheal, bronchial, and lung cancers, and respiratory infections) rank third, fourth, and fifth as causes of 
death, followed by diabetes, hypertensive heart disease, Alzheimer’s disease and dementias, stomach cancer, and 
traffic accidents. Neonatal mortality and diarrhoeal diseases have disappeared as main causes of death in these  
countries (Figure 5). 
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Figure 5. Main causes  of death in upper-middle-
income countries. 
Source: World Health Organization. 

Mortality in high-income countries 

Deaths from all but 2 of the 10 main causes of death have been rising in high-income countries. Ischaemic heart 
disease and stroke are the only causes of death in the top 10 for which the total numbers have gone down between 
2000 and 2019, by 16% (or 327,000 deaths) and by 21% (or 205,000 deaths) respectively. High-income countries are 
the only income group in which deaths from these two diseases have been falling. 

In any case, ischaemic heart disease and stroke are still among the three main causes of death in the countries in 
this income group, with a combined total of over 2.5 million fatalities in 2019. In addition, deaths from hypertensive 
heart disease are on the rise. Mirroring a worldwide trend, this disease has climbed from being the 18th leading 
cause of death to being the 9th. Deaths from Alzheimer’s disease and other dementias have increased, overtaking 
stroke to become the second leading cause of death in high-income countries, where these conditions were 
responsible for the deaths of 814,000 people in 2019. And as in the case of upper-middle-income countries, there is 
only one communicable disease among the 10 main causes of death, lower respiratory tract infections. 

To sum up, in highly developed, high-income countries, the top three main causes of death are, first, CVD (heart 
attack), second, Alzheimer’s and other dementias, and third, another CVD, stroke. Ranked fourth through sixth are 
respiratory diseases, e.g., tracheal, bronchial, and lung cancers, COPD, and respiratory infections. They are followed 
by colorectal cancer in seventh place, kidney disease in eighth place, with another cardiovascular disease condition, 
hypertensive heart disease, ranked ninth, and finally diabetes ranked tenth (Figure 6). 
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I Figure 7. Increased mortality from cardiovascular disease. 2019-2020. 
Source: World Health Organization. 
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Figure 6. Main causes of death in high-income 
countries. 
Source: World Health Organization. 

It should be noted that mortality from cardiovascular disease, the main cause of death worldwide, can be seen to 
have increased by 25.1% overall. This increase has been most pronounced in the countries of Southeast Asia (56.2%), 
in the countries of the eastern Mediterranean region (54.1%), in the countries of the western Pacific (47.4%), in the 
African countries (31.4%), and in the countries of the Americas (14.9%). In contrast, a 14% decrease in reported 
mortality has been observed in Europe (Figure 7). 
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Total Females 
Diseases of 

Circulatory Heart Cancer Lung Colorectal Respiratory the Transport Breast Cancer of Cancer of 
Suicide 

disease disease (') (' ) cancer(' ) cancer diseases nervous accidents cancer the cervix the uterus 
s stem 

EU-28 (' ) 373,6 126,3 261,5 54,4 30,5 78,3 38,6 5,8 11,3 32,6 3,9 6,6 
Belgium 281,9 72,4 252,6 61,6 26,1 95,7 46,5 6,7 17,3 37,0 2,7 6,4 
Bulgaria 1.131,0 195,4 242,4 45,5 34,9 58,1 15,3 9,0 9,9 32,6 8,7 9,0 
Czech Republic 615,2 333,1 284,6 53,1 37,9 73,4 30,8 7,8 14,4 29,1 5,7 8,0 
Denmark 256,6 81,0 300,6 71,7 35,2 11 5,7 42,9 4,0 11,9 39,7 3,6 6,1 
Germany 403,5 142,8 253,2 51,0 29,0 68,0 29,6 4,6 11,9 35,6 3,2 4,9 
Estonia 699,6 295,5 299,4 55,3 36,0 43,8 21,8 7,5 18,3 31,8 8,6 5,9 
Ireland 309,9 147,5 288,3 61,5 32,4 125,9 48,7 4,0 11,0 41 ,2 5,0 7,8 
Greece 381,4 103,0 249,3 61,9 23,3 108,1 20,9 8,6 5,0 31,0 2,3 5,9 
Spain 245,0 68,2 232,7 47,8 33,6 91,7 48,5 4,3 8,2 23,7 2,3 6,2 
France 202,9 49,3 245,4 50,1 26,1 52,0 50,2 5,1 14,1 32,9 2,2 7,4 
Croatia 678,6 306,5 336,4 65,2 51,0 59,7 21,3 8,9 16,8 44,5 5,5 11,1 
Italy 310,1 98,3 246,6 49,4 27,0 58,3 34,3 5,6 6,3 31,7 1,3 6,5 
Cyprus 351,8 108,7 201,0 37,2 16,7 86,2 26,8 6,5 4,5 26,6 1,5 9,2 
Latvia 882,7 442,7 299,3 46,9 34,2 35,9 15,6 12,4 19,0 34,6 9,5 9,5 
Lithuania 848,8 564,4 276,2 46,1 32,1 42,1 20,8 10,7 31,5 28,5 10,4 8,4 
Luxembourg 296,9 80,3 260,7 59,6 25,5 63,8 38,0 6,0 13,4 35,6 3,2 6,3 
Hungary 761,5 390,6 348,1 89,8 55,0 78,6 19,9 8,1 19,4 37,9 7,6 8,2 
Malta 372,4 202,8 233,5 43,2 28,3 96,6 21,0 2,5 8,3 35,1 1,8 12,7 
Netherlands 271,7 62,4 282,2 66,7 32,9 74,1 48,3 4,1 11,1 35,2 2,4 5,9 
Austria 418,1 179,1 249,3 47,5 26,4 46,6 32,6 5,8 15,3 32,4 3,4 5,5 
Poland 591,4 129,1 292,3 69,2 36,0 69,1 16,5 10,3 15,5 31,0 8,3 8,0 
Portugal 305,8 69,6 242,1 36,4 35,0 116,7 32,8 7,8 11,3 26,7 3,5 6,4 
Romania 951,3 320,3 273,2 54,2 32,4 78,4 21,0 12,3 11,4 32,1 16,4 6,0 
Slovenia 451,3 102,8 299,9 58,6 38,4 66,3 21,1 6,7 18,9 33,5 4,4 9,3 
Slovakia 654,6 388,8 324,1 50,0 49,2 74,9 29,5 8,5 10,8 35,8 8,7 9,9 
Finland 378,8 199,2 218,6 39,0 22,6 34,4 155,0 5,7 14,6 26,6 1,8 6,1 
Sweden 338,3 131,2 234,8 38,7 29,2 58,1 42,6 3,4 12,1 27,0 2,6 6,3 
United Kingdom 264,9 118,4 278,4 61,4 27,7 130,9 47,6 2,8 7,1 34,7 2,8 6,7 
Liechtenstein 296,4 73,7 203,0 31,3 6,8 89,8 67,6 10,3 10,2 41,0 9,9 
Norway 272,6 95,7 252,5 50,5 36,4 88,4 45,4 4,0 7,3 27,2 2,7 7,2 
Switzerland 280,0 97,8 219,6 42,1 22,8 51,3 44,5 3,6 12,8 31,1 1,4 5,1 
Serbia 931,6 159,5 298,3 69,4 37,2 79,7 27,3 7,6 15,9 41,9 10,4 8,0 
Turkey(' ) 2,2 4,2 

I 

Therefore, ischaemic heart disease is the leading cause  of death worldwide, accounting for 16% of all fatalities 
globally since the year 2000,  with deaths from this cause  growing the most, rising by over 2 million, to 8.9 million 
deaths in 2019. 

Mortality in Europe 

According to Eurostat, the main causes of death in all European countries are cardiovascular disease, ischaemic 
heart disease (heart attack), and stroke, followed by cancer, especially colorectal and lung cancer (Table 2 and Figure 
8). 

Table 2. Main causes of death in Europe by country. 
Source: Eurostat. 

Circulatory diseases like ischaemic heart disease (heart attack) and cerebrovascular conditions like stroke are the 
most common causes of death. Ischaemic heart disease was responsible for 126 deaths per 100,000 inhabitants in 
the EU based on 2014 data. 
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Figure 8. Main causes of death in Europe. 
Source: Eurostat. 

There are nearly 4 million deaths from cardiovascular disease  (CVD) in Europe per year, i.e., 10,000 deaths 
daily. Prevalence is therefore  extremely high. Most recently, more than 60 million people were living with CVD in 
the EU in 2020, and nearly 13 million new cases are diagnosed each year. Based on longevity and life expectancy 
projections, incidence is expected to increase in the coming years. Ischaemic heart disease alone was responsible 
for 126 deaths per 100,000 inhabitants in the EU and for 16% of deaths worldwide. 
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I Figure 10. Deaths from CVD in Spain. 
Source: Sociedad Española de Cardiología and Instituto Nacional de Estadística. 
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Mortality in Spain 

The standardised average mortality rate from heart disease in Spain in 2020 was 219.4 deaths per 100,000 
inhabitants. It was the most frequent cause of death at 24.30%, followed by cancer at 22.80%. It is noteworthy that 
the mortality rate in women (53.32%) was higher than the rate recorded for men (46.67%) (Figure 9). 

Figure 9. Causes of death in Spain. 
Source: Instituto Nacional de Estadística [Spain’s National Institute of Statistics] and Sociedad Española 
de Cardiología [Spanish Cardiology Association]. 

In absolute numbers of cases per year, deaths from CVD in 2020 (119,853 deaths) increased compared to deaths 
from that same cause in 2019 (116,215 deaths), a 2.4% rise. Again, it should be noted that according to the data, 
nearly 8,000 more women than men die from CVD in Spain each year (Figure 10). 
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Circulatory diseases remain the leading cause of death in Spain. In 2020 119,853 people died from cardiovascular 
causes, 24.3% of all deaths. At 112,741 deaths (22.8%), tumours were the second cause of death, and infectious 
diseases, including COVID-19, were the third cause of death, at 80,796 fatalities (16.4%). 

Based on data from Spain’s regions, the standardised average mortality rate from CVD in 2020 was 219.4 deaths 
per 100,000 inhabitants. The Autonomous Cities, Ceuta at 321.6 deaths per 100,000 inhabitants and Melilla at 298.5 
deaths per 100,000 inhabitants, had the highest rates in the entire country. By Autonomous Community, Andalusia 
(282.3 deaths), Murcia (260.9 deaths), and Extremadura  (245.4 deaths) were the regions with the most deaths 
from circulatory diseases. Four other regions (Valencia, Asturias, the Canary Islands, and Castilla-La Mancha) had 
standardised mortality rates from cardiovascular causes that were higher than average. A total of 10 Autonomous 
Communities had standardised mortality rates from heart disease that were lower than average. Navarre (172.8), 
Madrid (173.2), and the Basque Country (186.3) were the regions with the lowest death rates from circulatory 
disease in Spain (Figure 11). 

Figure 11. Standardised average mortality rates from CVD in Spain in 2020 by 
Autonomous Community. 
Source: Instituto Nacional de Estadística. 

The number of deaths from hypertensive heart disease in Spain in 2020 (14,271) rose compared with the previous 
year (11,854). Mortality from this cause has been growing non-stop over the past 15 years, to the point where today 
the number of deaths from this cause doubles the number of 2006. Mortality from stroke has decreased (Figure 12). 

However, in connection with this decrease in mortality from cerebrovascular causes, the 70th annual meeting of the 
Sociedad Española de Neurología [Spanish Neurology Society] said that the number of cases of stroke and mortality 
caused by stroke are set to grow by 35% over the next 15 years. 

At the present  time, there are 120,000 new cases of stroke and 27,000 people die from this cause in Spain each 
year. It is the leading cause of death in women, the third leading cause of death in men, and the main cause of 
acquired disability in adults. In Spain two of every three people who have suffered a stroke are older than 65 years 
of age, but the number of cases among people aged between 20 and 64 has risen by 25% in the past 20 years. 
The most important aspect to bear in mind is that at least 80% of strokes could be avoided by taking appropriate 
preventive measures to address the risk factors associated with this disease, e.g., high blood pressure, diabetes 
mellitus, smoking, and hyperlipidaemia, along with related lifestyle factors like obesity, improper eating habits and 
nutrition, and physical inactivity. These risk factors are also associated with mortality from cardiovascular ischaemia 
(heart attack) and non-ischaemic heart disease (arrhythmias and sudden death) (Figure 12). 
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Figure 12. Time trend for causes of death in Spain from 2003 to 2020. 
Source: Instituto Nacional de Estadística. 

Figure 13. Factors for heightened risk of cardiovascular heart disease and associated death. 
Source: Instituto Nacional de Estadística and Sociedad Española de Cardiología. 

Predictive models to reduce claim rates 

Two of the main cardiovascular risk factors that trigger ischaemic heart disease and ischaemic stroke are elevated 
cholesterol, more specifically LDL (low-density lipoprotein) cholesterol, and hypertension. They can be readily 
altered by changes in eating habits and lifestyle, in certain cases in association with treatment with statins and/or 
vasopressors or beta blockers. 

Worldwide, the American Heart Association, the European Society of Cardiology, and other international scientific 
groups have developed consensus guidelines for preventive action for both ischaemic heart disease (heart attack) 
and cerebral ischaemia (ischaemic stroke). One of these is the “Framingham risk score”, from the United States, 
used to assess the probability that coronary morbidity or mortality (angina, heart attack, sudden death) will occur in 
the next 10 years based on age, blood pressure, and cholesterol level. 

Additional tools connected with cardiovascular risk include the “SCORE chart” in Europe for calculating mortality 
from CVD (coronary and cerebrovascular); the “Reynolds risk score”, also from the United States, for assessing 
cardiovascular risk (cardiovascular mortality, heart attack, revascularisation, and stroke) based on age, blood 
pressure, cholesterol level, diabetes, and C-reactive protein; the “QRISK calculator” from the United Kingdom 



Page. 14 

Number 18 Spring 2023

Importance of computational modelling and risk forecasting in cardiovascular disease prevention to reduce morbidity, mortality, 
and health insurance claim rates

No. of variables Outcomes considered Derivation cohort Validation cohort 

Framingham 4 1-5 A Unit ed States, ages 30-62 Various 

SCORE5 1-5,9 1B Europe, ages 45-64 Europe 

ASSIG N& 1,2,4,5, 7,8 C Scot land, ages 30-74 Scotlan d 

Reynolds 7.B 1-7,10 D Un it ed States, ages 45-80 Unit ed States 

QRISK'l 1-5,7,8,,11 E United :Kingdom, ages 35-74 United Kingdom 

PROCAM10 1-7,12 A Germany (men), ages 35,-74 Germany 

I 

for calculating the probability of CVD morbidity and mortality (coronary and cerebrovascular) based on age, blood 
pressure, cholesterol level, and body mass index. 

Two further calculators are the “ASSIGN score” from Scotland for assessing CVD mortality and coronary morbidity 
(hospitalisation and revascularisation) based on age, blood pressure, and cholesterol level; and the “PROCAM 
study” in Germany for calculating coronary morbidity and mortality (angina, heart attack, sudden death) based on 
age, blood pressure, cholesterol level, diabetes, and triacylglycerols. 

Lastly, there is the “CHA2DS2-VASc score”, prediction rules for stroke prevention in patients with atrial fibrillation 
using oral anticoagulation therapy (Table 3). 

The most commonly used risk stratification algorithms 

Risk factors considered: 
1, age and sex; 
2, systolic blood pressure; 
3, smoking; 
4, total cholesterol (PROCAM, LDL cholesterol); 
5, HDL cholesterol; 
6, diabetes mellitus (Reynolds risk score, 
glycohemoglobin); 
7, family history of early onset CVD; 
8, social deprivation; 
9, prevalence of CVD in the population; 
10, C-reactive protein; 
11, body mass index; 
12, triacylglycerols. 

Outcomes considered: 
A, coronary morbidity and mortality (angina, heart 
attack, sudden death); 
B, CVD mortality (coronary and cerebrovascular); 
C, CVD mortality and coronary morbidity 
(hospitalisation and revascularisation); 
D, cardiovascular morbidity and mortality 
(cardiovascular mortality, heart attack, revascularisation, 
and stroke/TIA); 
E, CVD morbidity and mortality (coronary and 
cerebrovascular); 

Table 3. Most widely used risk stratification algorithms worldwide. 
Source: Revista Española de Cardiología [Spanish Journal of Cardiology]; Suppl. 2012; 12(C):8-11. 
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The most widely used stratification algorithms include the Framingham risk score, developed based on a cohort of 
persons aged 30 to 62 in the United States and validated worldwide. It is used to assess the probability of coronary 
morbidity and mortality (angina, heart attack, sudden death) in the next 10 years based on age, both LDL and HDL 
cholesterol levels, blood pressure, presence or absence of diabetes mellitus, and smoking habit (Figure 14). 

Figure 14. Exemplification of the Framingham risk score. 
Source: Circulation. 1998; 97:1837.1847. 

Another widely used algorithm in Europe, and hence in Spain, is the SCORE chart, developed based on a cohort of 
Europeans between the ages  of 45 and 64 and validated on a broad sample cohort of Europeans. It assesses the 
risk of mortality from CVD (coronary and cerebrovascular) by applying 10-year cardiovascular mortality hazard ratios 
based on a series of variables including age, sex, systolic blood pressure, smoking habit, cholesterol (LDL and HDL), 
and prevalence of CVD in the population (Figure 15). 

 Figure 15. Exemplification of the SCORE chart. 
Source: https://scielo.isciii.es/pdf/medif/v11n3revision.pdf. 

https://scielo.isciii.es/pdf/medif/v11n3/revision.pdf
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Predictive analysis of atrial fibrillation (AF) 

The CHA2DS2-VASc score  is another popular scale used in the interest of preventing cardiovascular disease, more 
specifically cerebrovascular causes of stroke in patients with arrhythmia (atrial fibrillation: AF). AF is the most common 
arrhythmia that has clinical repercussions. It is responsible for the most visits to emergency rooms and causes the 
most days spent in hospital. It is associated with increased morbidity (particularly stroke and heart failure) and 
mortality. AF grows more prevalent in both men and women with age. AF is increasingly being related not to the 
presence of existing heart disease but to a combination of cardiovascular risk factors closely linked to lifestyle, such 
as obesity, sedentary habits, diabetes mellitus, and sleep apnoea. AF is more prevalent in the developed countries, 
where an ageing population is combined with a sedentary lifestyle and obesity, than in the less developed countries. 
It affects 1-2% of the general population and is projected to increase in the coming years. Forecasts suggest that 
prevalence will at least double over the next 50 years. 

According to studies in Europe, prevalence is estimated at between 0.2 and 2% of the general population and at 
between 1.5 and 5.5% of the population over 50. Available data suggest that prevalence is similar in the European 
countries and in the other developed countries, including Spain. Atrial fibrillation is the most frequent arrhythmia in 
the world, affecting 33 million people, or 0.5% of the global population. 

There have been numerous European studies on the prevalence of AF in the different countries in our region. 
The Rotterdam Study is the most representative in Europe. The Rotterdam Study assesses the incidence and 
prevalence of AF in the population aged 55 and over. A total of 7,983 patients have been followed for around 7 years. 
AF prevalence was 5.5% of the total population, 0.7% of 55–59-year-olds and 17.8% of the over 85-year-olds. Other 
studies, like the FAMA Study in Portugal, have assessed the prevalence of AF in 10,447 randomly selected people 
over 40. Total prevalence was 2.5%, similar in both sexes, increasing with age. Another study carried out in France 
using diagnostic electrocardiograms on a population of 154,070 people 30 years and older found a prevalence of 
0.05% in men under 50 and 0.01% in women under 50; in subjects 80 and over, prevalence was 6.5% in men and 
5.2% in women. 

The data from the Rotterdam Study have been used to estimate the population that could suffer from AF in the 
European Union from 2000 to 2060. It was estimated that there were 8.8 million adults with AF in Europe in 2010. 
If the prevalence of AF remains constant, this number will more than double and could reach 17.9 million by 2060. 
According to the Rotterdam Study results for the population 55 and over, total incidence was 9.9/1,000 persons/ 
year, higher for men than for women. Incidence in the 55–59-year-old age group was 1.1/1,000 people/year, rising 
to 20.7/1,000 persons/year in the 80–84-year-old age group. A recent study of patients 45 and older in the United 
Kingdom observed an increase in standardised incidence of AF from 5.9 to 6.9/1,000 people/year over the past 
decade. Other recent studies on the general population recorded incidences of from 0.23/1,000 persons/year in 
Iceland to 0.41/1,000 persons/year in Germany to 0.9/1,000 persons/year in Scotland. 

Overall incidence of AF in the general population worldwide was 60.7/100,000 persons/year for men and 
43.8/100,000 persons/year for women in 1990. Estimated incidence was higher in 2010, 77.5/100,000 persons/year 
for men and 59.5/100,000 persons/year for women (Figure 16). Incidence was significantly higher (roughly double) 
in the developed countries compared to the developing countries. Applying these incidence rates to the global 
population in 2010 yielded an estimated 2.7 million new cases of AF in men and 2 million new cases in women each 
year. There are no prospective studies that can be used to estimate AF incidence in the general population in Spain. 

Since AF is common in the elderly, prevalence can be expected to double, at least, in the next 2 or 3 decades. 
Considering that the prevalence of AF risk factors is also on the rise, this prediction is likely to fall short. 
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Figure 16. Prevalence of atrial fibrillation. 
Source: Revista Española de Cardiología. 2016; 16 Suppl. A: 2-7. 

AF is a serious arrhythmia with broad social repercussions. Current prevalence of atrial fibrillation in adults stands 
at approximately 2-4% but is expected to double or triple in the coming years as people live longer. AF increases 
mortality by a factor of 1.5-3.5 and the risk of stroke by a factor of 5 and is responsible for 20-30% of ischaemic 
strokes and 10% of cryptogenic strokes. Embolic stroke tends to be more severe than other types of strokes, with 
high rates of recurrence and permanent disability. 

Furthermore, AF heightens the risk of dementia and causes functional impairment in most patients. It is estimated 
that approximately 30% of AF patients have to be hospitalised at least once every year. In fact, AF patients are at 
twice the risk of hospitalisation than patients without AF, particularly from cardiovascular causes (Figure 17). 

Figure 17. Most frequent complications of AF. 
Source: Revista Española de Cardiología. 2021; 21 Suppl. A: 9-17. 



Page. 18 

Number 18 Spring 2023

Importance of computational modelling and risk forecasting in cardiovascular disease prevention to reduce morbidity, mortality, 
and health insurance claim rates

Stroke or systemic embolism -19% HR O 0 81 (Cl95%, 0 73-0 91) 

Haemorrhagic stroke - 51% HR O 049 (Cl95%, 0 38-0 64) 

Myocardial infarction HR O O 97 (Cl95%, 0 78-120) 

All-cause mortality -10% HR O O 90 (Cl95%, 0.85-0.95) 

lntracranial bleeding - 52% HR c 0.48 (Cl95%, 0.39-0.59) 

Gastrointestinal bleeding HR c 1.25(Cl95%, 1.01-1.55) +25% 

-{>0 - 50 -40 - 30 - 20 -1 0 10 20 30 

Indicating DOACs Indicating VKAs 

I 
Stroke risk 

!64% !76% 
Warfari vs con rol group DOAC vs contr I group' 

I

Oral anticoagulant therapy is indicated in AF patients who suffer from an additional condition listed by the CHA2DS2-VASc  
scale. Direct oral anticoagulants (DOACs) have a predictable, linear, non-fluctuating anticoagulant effect, eliminating the  
need for regular anticoagulation monitoring and frequent changes in dosage. Furthermore, on the whole they are also  
more effective in preventing thromboembolic complications and have a lower risk of intracranial haemorrhage, hence  
mortality tends to be lower than with non-vitamin K anticoagulants1 (NOACs) like warfarin2  (Figures 18 and 19). 

Figure 18. Efficacy and safety of direct oral anticoagulants vs warfarin. Clinical trial meta-analysis. HR: hazard 
ratio; CI95%: 95 % confidence interval. 
Source: Revista Española de Cardiología. 2021; 21 Suppl. A: 9-17. 

 Figure 19. Stroke risk reduction using oral anticoagulants. *Estimate vs control group. 
Source: Revista Española de Cardiología. 2021; 21 Suppl. A: 9-17. 

1 Vitamin K antagonists. 

2  Warfarin is an oral anticoagulant that inhibits blood clot formation. It reduces blood clotting by blocking the production of vitamin K dependent 
clotting factors. 
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The CHA2DS2-VASc score should therefore  be used for AF patients. This scale is used internationally as a measure of 
the risk of thromboembolism and stroke in atrial fibrillation patients (Figure 20). 

Where “yes” = 1 and “no” = 0 points (except age >75 and stroke, TIA, or previous thromboembolism = 2 points) 
The score of from 1 to 9 points indicates the risk category and percentage risk of suffering a cerebrovascular 
accident (stroke) per year. 

Used to decide whether or not the patient requires treatment with anticoagulants or antiaggregants. The table that 
follows sets out treatment recommendations according to the CHA2DS2-VASc  score in patients with atrial fibrillation. 

 Figure 20. CHA2DS2-Vasc Score. 
Source: https://1aria.com/images/entry-pdfs/escala-cha2ds2-vasc.pdf. 

https://1aria.com/images/entry-pdfs/escala-cha2ds2-vasc.pdf
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Discussion 

Cardiovascular risk is the probability of suffering CVD within a certain time window. Accordingly, cardiovascular risk 
assesses cardiovascular mortality, the set of all fatal and non-fatal cardiovascular complications, myocardial ischaemia 
complications, both objective complications like acute myocardial infarction and subjective complications like angina 
pectoris, cerebrovascular complications, etc. Current CVD prevention recommendations emphasise multifactorial 
risk assessment to arrive at integrated prevention advice for patients. Estimating a person’s cardiovascular (CV) risk 
or coronary disease (CD) risk is an essential tool for clinical decision-making on the interventions needed to bring 
risk factors under control. 

Various scales for quantifying cardiovascular risk have been developed. Their differences lie not only in the two 
variables mentioned above, which CVD is being considered over which time interval, but also in the specific 
parameter values used in the calculations. These parameters have traditionally been known as risk factors. Their 
relationship to subsequent CVD incidence has been established for different derivation cohorts, i.e., the populations 
used to compile risk factor and CVD data, and then plotting time trends. The algorithms thus obtained are checked 
for those same populations or preferably against other populations called validation cohorts. 

The first and second European preventive Task Forces used a chart for estimating coronary risk based on 12 years 
of follow-up of a combination of the original Framingham cohort and the cohort of their offspring, 5,573 people in 
all. However, the resulting function was observed to overestimate CD risk in various European populations. The 
third joint CD prevention Task Force instead recommended using the SCORE  (Systematic Coronary Risk Evaluation) 
system in clinical practice. SCORE estimates the 10-year risk of death from CD based on age, sex, systolic blood 
pressure, total blood cholesterol, and smoking based on 12 studies of European cohorts totalling 205,178 subjects 
(43% women) ranging in age from 24 to 75. 

Asymptomatic Spaniards between 40 and 74 years of age with a 5% risk and thus candidates for intensive 
counselling are estimated to number in excess of 3 million. This figure does not include others at high risk who have 
just a single very elevated factor, namely, high blood pressure of 180/110 mm Hg, or elevated total cholesterol, or 
cholesterol plus elevated low-density lipoproteins (LDL cholesterol). If these are counted, the number of candidates 
for personalised intervention was 4,646,896 (3,029,913 men, 1,616,983 women) in 2002, plus patients already 
diagnosed with CVD previously. 

These are findings of the SCORE CVD risk scale’s calibration study for Spain prepared by the  Instituto de Estudios 
de la Salud [Health Studies Institute] in Barcelona in association with the University College Cork’s Department 
of Epidemiology and Public Health in Ireland, the Royal College of Surgeons’ Department of Epidemiology and 
Public Health Medicine, and the Adelaide and Meath Hospital’s Cardiology Service, both in Dublin, Ireland. As 
in other countries, the size of the population of candidates for intensive intervention is quite large, which is not 
surprising, since cardiovascular diseases are the leading cause of death, hospitalisation, doctor’s visits to primary 
care physicians, and healthcare expenditures worldwide. That is why it is important to take up to date organised 
preventive measures to keep a health problem that affects a large section of society under control. 

At the same time, prevalence of AF is over 4% of the population aged 40 and over. The prevalence of AF has been 
observed to be rising in the developed countries and is expected to double in Spain in the coming decades as the 
population gradually grows older, survival rates for CVD patients improve, and AF-related risk factors, obesity in 
particular, increase. 
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Conclusions: 

Using statistics-based predictive analytics and new computer modelling technologies, Big Data, and 
Machine Learning capable of extracting and generating data and identifying risks and opportunities is 
extremely helpful. 

First, the ability to make projections that enable us to forecast the future from a preventive medicine 
perspective and in that way embark on a paradigm shift towards personalised precision medicine to 
diminish morbidity and mortality and decrease adverse social impacts. 

Second, the ability to reduce claim rates and lower the cost per claim to health insurance companies 
(medical and surgical healthcare costs). Third, the ability to lower the social cost of public health demands 
caused by the incapacitating sequelae of ischaemic heart disease (heart attack) and neural conditions from 
haemorrhagic or ischaemic stroke. 

It should be noted that approximately 80% of cardiovascular diseases are preventable and can be delayed by 
a healthy lifestyle and by rushing to the hospital on observing any warning symptom like chest pain caused 
by ischaemic cardiac disorders (angina and heart attack) and neurological alterations from cerebrovascular 
disorders (stroke). Response times are critical and decisive to subsequent evolution of patients with these 
two disorders, with respect to both mortality and incapacitating sequelae (morbidity). 

However, there is still much work to be done in the areas of awareness raising, health education, and 
preventive public cardiovascular medicine to increase participation by citizens, encouraging people to take 
a much more proactive role in preventive cardiovascular and cerebrovascular diseases, change their eating 
habits and lifestyle, and increase their physical activity and daily exercise. This is the only way we will be able 
to reduce both morbidity and sequelae and the resulting high mortality. 
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