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INTRODUCTION
In current medical practice estimation of risk is one of the 
most important parts of treatment. Risk estimation is used 
prior, during, and after most medical treatments. It is useful 
in qualification for surgery, in choosing pharmacotherapy and 
in planning preventive strategies [1–3]. Various tools are used 
for risk stratification. Those used in most of the clinical settings 
include simple risk stratification tools and charts. These are 
mathematical models based on classical and non-classical 
risk factors, which relate their prognostic value to population 
epidemiological studies and allow for a careful estimation of 
patient risk [4]. For a score to be defined as good and clini-
cally relevant, it must meet several requirements. The later 
usefulness of the risk assessment tools depends on the cohorts 
of patients it was developed on, the endpoints included, the 
statistical methods used, and the data entry formats used in 
them. Most risk estimation tools are based on classical risk 
factors such as age, sex, smoking, blood pressure, and cho-
lesterol, and many also include risk factors such as diabetes, 
family history of cardiovascular disease (CVD), simplified 
measurements of height and body weight, or laboratory 
test results. Unfortunately, almost none of the risk scores 
includes non-classical risk factors, and certainly none of the 
tools is perfect.

HISTORY OF CARDIOVASCULAR  
RISK ASSESSMENT

The first big data on the cardiovascular risk and origins of pre-
ventive cardiology come from the Framingham Heart Study. In 
1948, the Framingham Heart Study was initiated — under the 
direction of the National Heart Institute. It was an ambitious 
medical research project that changed medicine as we know 
it. At that time, little was known about the underlying causes 
of heart disease and stroke, but cardiovascular mortality had 
been steadily rising since the beginning of the 19th century 
and was slowly assuming the scale of a global epidemic [2]. 
The purpose of the Framingham Heart Study was to identify 
common findings and features that contributed to the devel-
opment of CVD long before its occurrence in a large group of 
participants who had not had a heart attack or stroke.

The initial research included 5209 men and women aged 
30–62 years from a small city called Framingham, and based 
on an extensive examination and lifestyle research, which 
was later analysed and identified common patterns of the 
development of diseases of the circulatory system. Continu-
ously since 1948, patients have been undergoing follow-up 
and are re-examined every two years with a detailed medical 
history, physical examination, and laboratory testing. In 1971, 
a new study phase was started, involving a second generation 
of 5124 adult offspring of the participants of the initial cohort, 
who were invited to participate in a similar study. In 1994, 
the need for greater variation in the Framingham community 
was considered to better reflect the general population. At 

that time, the study included the first external cohort. In April 
2002 the study entered a new phase — enrolment of the 
third generation of participants, grandchildren of the original 
cohort, and in 2003, a second group of participants from an 
external cohort was included in the register.

Monitoring the population of the Framingham study has 
led to identification of major cardiovascular risk factors such as 
high blood pressure, high blood cholesterol, smoking, obesity, 
diabetes, and lack of physical activity — as well as provided 
valuable insights into the role of cholesterol, age, gender, 
and psychosocial issues. Over the past half-century, the study 
has resulted in the publication of over 1000 articles in lead-
ing medical journals, and therefore changed the concept of 
cardiovascular risk factors as an integral part of the modern 
medical programme, leading to the development of effective 
strategies for treatment and prevention.

The Framingham Heart Study continues its impact on the 
understanding of cardiovascular risk by increasing its diagnos-
tic capacity on the basis of the existing research material and 
adding new diagnostic technologies such as echocardiography, 
carotid artery ultrasonography, cardiac magnetic resonance, 
and bone densitometry, which have been incorporated into 
current and future research protocols.

The Framingham Heart Study provided the basics for 
risk assessment, and over the years many programmes were 
developed in order to better describe and improve the stratifica-
tion of cardiovascular risk. Probably the best known and most 
widely used risk score in Europe is the SCORE risk chart. The 
scale was developed and published by the European Society 
of Cardiology (ESC) in 2003 [5]. The SCORE project was aimed 
at developing a useful tool to facilitate and improve the clini-
cal management of cardiovascular risk in clinical practice. The 
design of the project was to include datasets from 12 European 
cohort studies (most of them performed in the general popula-
tion). The project included 205,178 persons (88,080 women 
and 117,098 men). Patients were followed for 10 years for the 
occurrence of death attributable to CVD. Basing on the ob-
tained data, a mathematic model was developed that allowed 
the estimation of 10-year risk of fatal CVD, in which age was 
used as a measure of exposure time to risk rather than as a risk 
factor. The group performed separate estimations for high-risk 
and low-risk regions of Europe. Moreover, separate models 
were developed, based in one case on total cholesterol and 
in the other on total cholesterol/high-density lipoprotein cho-
lesterol ratio. To facilitate the use of the SCORE model, simple 
graphic risk charts were proposed [5]. The first published charts 
included only classical cardiovascular risk factors and allowed 
objective risk stratification in patients aged 45–64 years.

THE CURRENT PLACE  
OF THE SCORE RISK CHART

The place of the SCORE risk chart is strictly specified by the 
guidelines of the ESC. Reference for the SCORE risk chart is 
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made in almost all of the guidelines on different topics, but 
probably the most specific comments on its utility come from 
the guidelines on CVD prevention [3]. The guidelines state that 
it is essential for clinicians to be able to assess cardiovascular 
risk on-site with appropriate accuracy. This led to recommend-
ing the SCORE system as a tool of choice for the European 
population. Currently, guidelines recommend only using 
SCORE as a risk calculation tool. It is recommended for total 
cardiovascular risk estimation in adults over 40 years of age, 
unless they are automatically categorised as being at high-risk 
or very high-risk based on documented CVD, diabetes mellitus 
(> 40 years of age), kidney disease, or highly elevated single 
risk factor (such as cholesterol or blood pressure).

The greatest advantages of the SCORE risk charts are 
that they are available with different values according to 
the nationality of the patient, they are based on a large data 
set tested thoroughly on European data, and they operate 
on cardiovascular death as an end-point. Compared to the 
other risk-assessment schemes, SCORE is based on a one 
of the largest known populations, representing 2.1 million 
person-years of observation and 7934 cardiovascular deaths, 
of which 5652 were attributed to coronary heart disease. On 
the other hand, the Framingham and ASSIGN scores are based 
on smaller-sized samples, while others, like PROCAM, QRISK 
and QRISK2, are based on samples that are not representative 
of the general population [6–10]. All of them are based on 
a different end-point than SCORE.

The SCORE risk charts are easily accessible on the web 
and offer a simple and useful risk estimation model [11], which 
makes it accessible to many users. There is also a website 
that provides an interactive risk calculator HeartScore® for 
countries with high or low cardiovascular risk for 15 European 
countries in 17 languages. The first ESC recommendations 
specified the low-risk countries for use of the low-risk charts 
as: Andorra, Austria, Belgium, Cyprus, Denmark, Finland, 
France, Germany, Greece, Iceland, Ireland, Israel, Italy, Lux-
embourg, Malta, Monaco, The Netherlands, Norway, Portugal, 
San Marino, Slovenia, Spain, Sweden, Switzerland, and the 
United Kingdom. The high-risk countries were Armenia, Azer-
baijan, Belarus, Bulgaria, Georgia, Kazakhstan, Kyrgyzstan, 
Latvia, Lithuania, Macedonia FYR, Moldova, Russia, Ukraine, 
and Uzbekistan. However, it was thought that some countries 
at very high risk may be underestimated by the charts.

The availability of the types of SCORE charts allowed 
their better reproducibility. A study performed in a “high-risk” 
country aimed at calculating risk using SCORE for low-risk 
countries and the calibrated SCORE. It showed that the per-
centage of patients at high or very high risk was 4.73% with 
the low-risk SCORE, and 15.44% with the calibrated SCORE 
(p < 0.01). The population-calibrated SCORE chart classifies 
a larger number of patients at high or very high risk, and its 
use would imply treating more patients with lipid-lowering 
medication [12].

Several countries decided to introduce their separate 
version of SCORE risk charts. Re-calibrated charts are 
available for Belgium, Germany, Greece, The Netherlands, 
Spain, Sweden, and Poland. New calibrations are still in 
development, for example for Germany and Russia [13, 14].  
Those calibrations are of great importance especially due 
to the large disparities observed in the prevalence of coro-
nary heart disease and death attributable to this disease 
across Europe (Fig. 1). Polish population studies performed 
on hypertensive populations showed that the general 
ESC-developed model seemed to underestimate the burden 
of cardiovascular risk among hypertensive patients. The 
cardiovascular risk, especially in the hypertensive female 
population, seemed to be much higher when estimated 
according to other systems [15].

The Polish variant of the SCORE chart is available thanks 
to the availability of several major registries that extensively 
described the prevalence of cardiovascular risk factors in the 
Polish population [16]. Its new calibration was published 
a few years ago and showed that general cardiovascular risk 
in Poland is much higher than was previously estimated [17]. 
Currently, use of the so-called “Pol-SCORE” is encouraged 
for risk stratification in Polish patients (Fig. 2).

SHORTCOMINGS OF THE SCORE RISK CHARTS
All of the risk assessment scores have certain limita-
tions. Most of the limitations of the SCORE risk chart 
were stressed by the ESC [5]. Its underlying risk functions 
are based on single risk factor measurements, not on 
the person’s ‘usual’ levels. For example, blood pressure 
values or cholesterol levels can be variable in time and 
alter results [5]. Applicability to non-Caucasian popula-
tions has not been examined, and therefore results cannot 
be extrapolated to these populations. The endpoint that 
was chosen for the SCORE risk chart calculation was fatal 
atherosclerotic CVD. It is a hard end-point, but does not 
include a combination of fatal and non-fatal events. This 
was because of limited availability of non-fatal endpoint 
data in several cohort studies and possible variation in 
endpoint definition. Consequently, SCORE will only be 
able to predict a small fraction of cardiovascular events 
actually occurring in patients. 

Probably the most important drawback of the SCORE risk 
chart is that is considers only the principal, classical risk fac-
tors. Currently, we know that the impact of others, particularly 
non-classical risk factors, can modulate disease risk and needs 
to be considered. These factors include a strong family his-
tory of early-onset CVD, milder degrees of impaired glucose 
regulation, low-density lipoprotein cholesterol, triglycerides, 
or fibrinogen [5]. Newer studies suggest also the impact of 
obstructive sleep apnoea, erectile dysfunction, depression 
and anxiety, air pollution, and periodontal disease as potent 
cardiovascular risk factors (Table 1) [18–24].
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Figure 1. Age-standardised number of deaths attributable to coronary heart disease in the European countries based on the data 
from the World Health Organisation

Figure 2. Polish version of the SCORE risk chart [17]
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SUMMARY — WHAT IS THE FUTURE  
OF RISK ASSESSMENT?

Total cardiovascular risk is not the only area of medicine in 
which a lot of risk assessment scores exist. Several studies 
were performed in order to compare different scores [25, 
26]. Ideal risk score would probably incorporate all the 
known risk factors but it probably would be absolutely im-
possible to use in clinical practice because of its complexity 
and being time-consuming. Each scale can be judged by the 
prism of its “complexity” and “practicality” [27]. Complexity 
of a scale — defined as the inclusion of as many potentially 
important predictors as possible, and describing them in the 

most detailed way, is, in principle, contradictory to practicality. 
The second feature — the practicality of the scale — is the 
ease of use of the scale in the clinical situation and maximum 
limitation of indexed information, while maintaining a satis-
factory overall prognostic value. It can be assumed that the 
best stratification scale should be the scale with practicality 
localised in the centre of both axes illustrated in Figure 3. Many 
indicate that the SCORE scale is one of the closest now to 
fulfilling these qualities.
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