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a b s t r a c t

Background: Because of the increased burden of cardiovascular disease (CVD), country specific risk
prediction models to forecast future CVD events and mortality are recommended, for primary preven-
tion. The aim of this study was to recalibrate the HellenicSCORE, to accurately estimate the 10-year risk
CVD mortality of Greek adults.
Methods: Data from the Hellenic National Nutrition and Health Survey (HNNHS) were used (N ¼ 1012;
37.9% males). Information on age, smoking, systolic blood pressure (SBP), and total blood cholesterol
from adults >40 years of age were derived following validated health survey protocols. Individual scores
were calculated using these data and beta-coefficients derived from ESC SCORE.
Results: Both updated HellenicSCORE II charts had lower risk estimates compared to the older version
and were closer to the ESC SCORE charts, particularly at the extremes. No significant age difference by sex
was observed (mean 59.5 (SD 13.1) years in total) in the population. Women had a significant higher
mean total cholesterol compared to men [212.9 (39.5) vs 204.6 (41.2) mg/dl, respectively; p ¼ 0.0343],
but smoking prevalence and mean SBP was significantly higher in men [p for all, <0.001]. The mean
population HellenicSCORE II score level was between 5.6% (0.2) and 7.9% (3.2) depending on the chart
used, with no significant sex differences.
Conclusion: Although the HellenicSCORE II charts were lower, the mean population score was moder-
ately high. This is of great importance because according to ESC guidelines, lifestyle intervention, and
drug treatment should be based on an individuals’ total cardiovascular risk.
© 2020 Hellenic Society of Cardiology. Publishing services by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Each year, according to the European Cardiovascular Disease
Statistics (2017), Cardiovascular Disease (CVD) causes 3.9 million
and accounts for 45% of all deaths in Europe.1 Although decline in
mortality rates as well as in age standardized CVD prevalence have
been observed in the 21st century, in the past 25 years the absolute
number of individuals livingwith CVD has increased, and it remains
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the main cause of death in men and women in most countries.1

Because of the increased burden of CVD, individual risk predic-
tion of future CVD events have been used to forecast with the use of
specific stochastic models, such as the Coronary Risk Chart in the
US,2 the QRISK in England andWales,3 and the Systematic Coronary
Risk Estimation (SCORE) for European populations by the European
Society of Cardiology (ESC).4,5 For the latter, two ESC SCORE risk
charts were developed in early 2000s to reflect the large variation
in CVD mortality between European countries, using data from 12
European cohort studies; these included high- and low-risk Euro-
pean populations. Risk assessment models are used to establish
guidelines6,7 for CVD prevention. In clinical practice, it is recom-
mended to assess an individual's CVD risk and address treatment
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initiation accordingly.5 Therefore, it has been recommended that
these charts be adapted using country-specific data.8,9

Age, sex, smoking prevalence, mean population systolic blood
pressure (SBP), and total fasting blood cholesterol values were the
main variables used to derive CVD mortality risk SCORE. These
variables, however, are time-sensitive and it has been observed that
from 2005 to 2015 the mortality rate attributed to high BP has
increased by 10.5%10 and although age standardized rates of mean
total blood cholesterol have decreased over the last 30 years in
adults in nearly all European countries, they still remain above
recommended values for cardiovascular health.1 Smoking preva-
lence has also decreased in all European countries; however, an
increase in smoking prevalence has been observed among women
in Europe.1 Therefore, as risk charts have been adopted by the
majority of Cardiovascular Societies around the world as the main
tool for primary prevention,5 they need to be updated with the
latest population-based data and secular trends, for the develop-
ment of evidence-based and efficient, preventive strategies. Un-
derstanding the particularities of the populations within Europe as
well as around the world, and the variety of cultural and environ-
mental factors that affect the estimation of the individuals’ CVD
risk, a lot of discussions have been made since 2000s regarding the
accuracy of these scores in predicting the risk of an individual using
data from another population.8,9 Under these criticisms of the na-
tional variations of CVD risk estimation models, in 2007 a group of
Greek investigators developed the HellenicSCORE, which was
based on national information11 and a recalibration of the ESC
SCORE. The target was tomore accurately calculate the 10-year CVD
mortality risk of a Greek adult individual; and this was achieved
based on a recent publication regarding the accuracy of the Hel-
lenicSCORE.9 Since the late 2000s, several other European countries
followed a similar approach and developed local/national CVD risk
prediction scores, using the ESC SCORE formulae. The population
health metrics, however, are changing worldwide as a consequence
of lifestyle changes and treatment improvements; e.g., in Greece,
the mean population SBP and total fasting cholesterol levels as well
as the prevalence of smoking observed in the ATTICA study in the
early 2000s and used for the development of the HellenicSCORE12

have now changed substantially, according to more recent data
from national health surveys.13,14

Based on these changes observed in the previous decades, it is
considered necessary to recalculate the HellenicSCORE that was
created based on data from mid 2000s, using more recent infor-
mation. Thus, the aim of the present study was to recalculate the
HellenicSCORE, i.e., to create the HellenicSCORE II, using the same
framework of the ESC SCORE, to accurately estimate the 10-year
risk CVD mortality of Greek adults. To do that a sub-sample of
adult individuals who participated in the Hellenic National Nutri-
tion and Health Survey (HNNHS) in mid 2010s was used.9

2. Methods

Data from the HNNHS were used for the HellenicSCORE recali-
bration, i.e., the HellenicSCORE II. HNNHS is a population-based
survey, carried out from September 2013 to May 2015, with sam-
pling from all Greek regions, following a multistage stratified
sampling design. Study design details including sampling have
been already published.15 Information on age, smoking status, SBP,
and total blood cholesterol from adults above 40 years of age were
used to recalibrate the primary HellenicSCORE.11 The working
sample for the calculation of the HellenicSCORE II included 1012
adult participants (37.9% male) of the HNNHS that were free of CVD
and had measurements as regards blood pressure and total
cholesterol. All participants included were also free of established
familial hypercholesterolemia. Data were collected by trained
health professionals using Computer-Assisted Personalized
Interview.
2.1. Measurements

For the recalibration of the HellenicSCORE II, the same average
annual CVD mortality rates according to gender, calculated by
Panagiotakos et al., were used because no cohort studies assessing
CVD mortality have been specifically performed since 2007 in
Greece.7 The exact method of annual CVD mortality derivation is
available in the previous methodology paper of HellenicSCORE.11

Briefly, annual mortality rates were modelled using an age-
specific Poisson model, joining the midpoints of 5-year mortality
rate intervals. Age was calculated based on the reported date of
birth. Smoking status was reported; individuals were categorized
as smokers if they had ever smoked or as nonsmokers otherwise.

Blood samples were collected in themorning, between 8:00 and
10:00 am, after individuals were asked about having followed the
protocol of fasting for at least 10 h. Total blood cholesterol was
measured using enzymatic methods in Cobas Integra 400 analyzer
(Cobas Hitachi c411, Roche Diagnostics, Greece). SBP was measured
according to guidelines by the ESC.16 Individuals rested for at least
5 min, seated with their back upright and their armwell supported
at a 45� angle from the trunk at the heart level. Three consecutive
measurements were made using validated auscultatory devices
(Omron Hem 907) and cuffs according to the participants arm size
(small, medium, and large cuff sizes) were used. The mean value
was derived from three measurements, following a single occasion,
as commonly performed in epidemiological studies. The mean SBP
and total cholesterol values were then calculated for men and
women separately for specific age groups by a 10-year increase
from 40 to 50 years and then by 5-year intervals, according to the
original ESC SCORE4; 40-50 years, 55-60, 60-65, and 65þ years.
2.2. HellenicSCORE II calculations

All individual scores for 10-year risk of CVD mortality were
calculated based on beta-coefficients derived from ESC SCORE and
specific Greek-derived data; these included age group and gender
calculated according to annual CVDmortality rates, smoking status,
and average mean cholesterol and SBP values, as explained previ-
ously (Table 1). The beta-coefficients correspond to the log (hazard
ratios) calculated for each variable (SBP, total fasting cholesterol,
and smoking prevalence), by pooling CVD mortality results. Two
different sets of beta-coefficients were derived; one from all 12
European cohorts and another from low-risk cohorts, as it has been
suggested by the SCORE project investigators4; hence, two different
equations based on country-specific categorizations were derived.
Because in Greece, no prospective cohort have been performed
with specific CVD soft and/or hard CVD end points, both equations
were used for calculations for the HellenicSCORE II derivation; the
first included beta-coefficients derived from all 12 European co-
horts and the second from “low-risk” cohorts:

1. Twelve European Cohorts equation (beta coefficients for variables
as per ESC SCORE study: SBP ¼ 0.01856, cholesterol ¼ 0.17768, and
smoking ¼ 0.72136).
k1 ¼ 0.018560 [(pop. mean SBP) e individual SBP] þ 0.17768
[pop. mean total cholesterol e individual's TC] þ 0.72136 [1-
pop. prevalence of smoking]
k2 ¼ ek1

k3¼ 0.939k2, where 0.939 the calculated 10-year survival rate
(1-0.061)
Total score ¼ (1 - k3)*100.



Table 1
Summary of average levels of risk factors for SCORE recalibration from an HNNHS

Sex Age SBP (mmHg) Total Cholesterol (mg/dl) Smoking prevalence, %

Men 65 144.0 172.6 62.1
60 117.0 223.3 70.6
55 124.3 204.9 76.5
50 118.5 264.0 64.3
40 122.4 200.7 69.2

Women 65 117.1 227.0 41.9
60 120.2 218.1 55.6
55 119.9 232.0 44.4
50 117.2 220.8 45.0
40 110.3 212.6 51.7
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2. Low-risk population (beta-coefficients for variables as per ESC
SCORE study: SBP ¼ 0.01634, cholesterol ¼ 0.06929, and
smoking ¼ 0.43304). Remaining calculations are the same using
new coefficients.

The risk charts for 10-year CVD predictions are shown in Fig. 1
(using the beta-coefficients for low-risk European cohorts applied
in the ESC SCORE) and Fig. 2 (using the beta-coefficients for all 12
European cohorts applied in the ESC SCORE).
Figure 1. Ten-year risk of fatal cardiovascular disease in Gre
Example: A specific example for greater understanding is as
follows: the 10-year CVD mortality risk of a 60-year-old male
subject, who is a smoker, has SBP 150 mmHg, and total cholesterol
233 mg/dl would be derived following the latter stepwise
approach:

1. Based on the annual data mortality rate was 0.061, leading to a
10-year survival rate of 0.939 (1-0.061)
ece (based on the “low-risk” cohorts' beta-coefficients).



Figure 2. Ten-year risk of fatal cardiovascular disease in Greece (based on all 12 cohorts' beta-coefficients).

Table 2
Description of cardiovascular risk factor levels in the HNNHS adult population
(�40 years of age) according to sex, used for the calculation of the HellenicSCORE II.

Cardiovascular Factors Total Men Women p

Age 59.5 (13.1) 59.6 (13.3) 59.5 (13.0) 0.901
High-Risk Score1 7.9 (3.2) 7.7 (2.7) 8.1 (3.4) 0.230
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2. Based on average population data for 60-year-old male subjects,
smoking prevalence ¼ 0.706, mean SBP ¼ 117 mmHg, and mean
total cholesterol 223 mg/dl (5.8 mmol/l); therefore
a. High-risk score: k1¼ 0.0185 [150-117] þ (0.1777 [(233 e

223):38.6] þ 0.72136 [1- 0.706] ¼ 0.869
b. Low-risk score: k1¼ 0.0163 [150-117] þ 0.0692 [(233 e

223):38.6] þ 0.4330[1- 0.706] ¼ 0.684
3. Calculate the exponent of k2 if using a high-risk or low-risk chart

a. k2 ¼ e0.869¼2.385
b. k2 ¼ e0.684 ¼ 1.982

4. k3¼ 0.9392.385¼ 0.86 (all cohorts) or k3¼ 0.9391.982¼ 0.90 (low-
risk cohorts)

5. Total score ¼ (1 e k3) * 100
a. Total HellenicSCORE II ¼ (1 e 0.86) * 100 ¼ 14%, if all cohort

charts were to be used for the specific 60-year-old male
individual.
Low-Risk Score2 5.6 (0.2) 5.6 (0.2) 5.6 (0.2) 0.229
Risk factor levels
Total cholesterol (mg/dl)* 210.1 (40.2) 204.6 (41.2) 212.9 (39.5) 0.0343
SBP (mm Hg)* 122.6 (17.5) 127.6 (16.2) 120.0 (17.6) <0.001
Smoking prevalence (%)* 50.6% 66.3% 40.8% <0.001

Data are presented as mean (SD) and as percentages accordingly.
1 Using beta-coefficients based on 12 European cohorts.
2 Using beta-coefficients based on low-risk cohorts.
* Factors statistically significantly different between men and women (p < 0.05).
Or,
b. Total HellenicSCORE II ¼ (1 e 0.90) * 100 ¼ 10%, if calculated

using the low-risk population chart.

The same results would be derived by looking at risk charts
directly (approximately around 9%), underlining the strength of
these charts and the need for the updated version. If we were to
estimate the same individual's risk using the HellenicSCORE (2007)
directly, the 10-year mortality risk would have been overestimated
approximately around 15.5% in charts of all cohorts and 11% in low-
risk charts.
2.3. Use of Risk Chart

The HellenicSCORE should be used in accordance with the
guidelines and principles of the ESC SCORE chart for Europeans.5 In
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brief, select the chart based on sex and then the table that coincides
with the age range and smoking status. Select the cell nearest to the
individuals SBP and total cholesterol level. If the age range ap-
proaches the next age group, then one should adjust the risk esti-
mate upwards. These charts should not be used in individuals with
established overt CVD, diabetes (type 1 and 2), chronic kidney
disease, familial hypercholesterolemia, or very high levels of indi-
vidual risk factors, because such individuals should always be
treated as high risk.

3. Results

The mean values for SBP, total cholesterol, and smoking preva-
lence by sex and specific age groups of the working sample are
shown in Table 1. No significant age difference by sex was observed
(mean 59.5 (SD 13.1) years in total). Mean total cholesterol levels
were over the upper cutoff of 200 mg/dl in both sexes, with women
having a significant higher mean value [212.9 (39.5) as compared to
204.6 (41.2) mg/dl; p ¼ 0.0343]. Mean SBP was significantly higher
in men [p < 0.001]. Half of the population above 40 years of age
reported having smoked. A significant larger proportion of male
subjects had smoked (66.3%) compared to female subjects (40.8%).

The population's characteristics by sex and (using both equa-
tions) are shown in Table 2. The mean HellenicSCORE II population
score level in total was 5.6% (0.2) in low-risk calculations and 7.9%
(3.2) when beta-coefficients derived for all 12 cohorts were used.
No significant sex differences were found (p ¼ 0.80).

4. Discussion

Risk predictionmodels are in their prime over the past decade in
an effort to provide meaningful population-specific charts that lead
to accurate CVD mortality prediction estimates. To increase the
accuracy of the estimated 10-year CVD mortality risk and timely
identify individuals at increased risk, the HellenicSCORE was
recalibrated using more current data obtained from HNNHS,15 and
the HellenicSCORE II is presented here. The need for accurate risk
estimates are underlined by recent data in Greece depicting that
48.2% of adults above 25 years of age had mean total cholesterol
�200 mg/dl1 and based on HNNHS results 38.6% of adults in total
were found with hypercholesterolemia, with the proportion
reaching 61.3% for adults between 40 and 59 years of age.17 Also
14.4% of adults from 40 to 59 years of age and 48.7% of those above
60 were hypertensive.14 Based on these findings, the mean score of
the population was moderately high, ranging from approximately
6% to 8%, depending on the risk chart used (from low-risk or 12
cohort coefficients). This is of great importance because according
to ESC guidelines, lifestyle intervention and drug treatment should
be based on the calculation of an individual's total CVD risk.5

The HellenicSCORE II included two risk chart options: high- and
low-risk charts. This was the form inwhich it was primarily derived
and was maintained because a prospective study in Greece has not
yet been conducted, although the ESC guidelines recommend that
Greece should use low-risk charts.5 The underlying risk functions
and chart derivation, in this recalibration process, were based on
measurements performed under specific protocol settings, using
sensitive and specific methods. It should be noted that both
updated HellenicSCORE II charts have lower risk estimates
compared to the one primarily derived,11 and are closer, although
still different, to the ESC SCORE,4 particularly at the extremes of
both charts (top right hand). This can be explained by steady levels
of total mean cholesterol but the decrease in mean SBP in most age
groups in HNNHS15 as compared to ATTICA Study results,12 because
SBP is one of the major CVD mortality contributors in 2015 in all
European countries, according to the latest European Statistics,
although the percentage of deaths attributable to various risk fac-
tors differed by European region.1

Regional differences in CVD risk factors, genetic differentiations
between populations are the main explanations for the develop-
ment of various CVD risk charts and to date unsuccessful risk pre-
diction estimates.9,18,19,20 The developed risk charts agree on risk
factors used but since these change with time,1,5,21 developed
charts need to be updated using recent data to avoid such mis-
predictions. In recent years, studies have also shown that with
nutritional,22 socioeconomic23 and behavioral differences24 also
need to be considered when assessing the risk of CVDmortality in a
population, and to plan a tailored risk factor intervention for an
individual and improve population health care quality.

4.1. Limitations

These updated risk prediction charts are sensitive to Hazard
Ratios derived from ESC SCORE, and therefore does not account for
changes that may have occurred. For instance, mean cholesterol
levels have been steady at 5.2 mmol/l from 2000 to 2009 and the
mortality rate has dropped from 9.0% in 2003 to 8.5% in 2010, with
small sex variations, according to the European Cardiovascular Dis-
ease Statistics report.1 All data used for the recalibration of charts
are based on cross-sectional studies and surveillance. These
studies, however, provide valuable population-specific information
on the prevalence of risk factors and are therefore valuable to
produce population-based absolute risk estimates, as in the case of
the HellenicSCORE II. Also, measurements from the general area of
Greece were not available, hence the calibration procedure may not
be the representative of the whole Greek population. It does,
however, capture the largest part of the population, because above
70% of the population reside in these two main prefectures (Attica
and central Macedonia). These two prefectures consist of urban and
rural areas in an analogy of 70/30 percent.

5. Conclusion

The updated HellenicSCORE II is based on current age-specific
values and can accurately assist physicians in their daily clinical
practice, as well as public health professionals to develop effective
preventive programs. Following these modifications, on average,
adults in Greece scored high in the 10-year risk mortality, rein-
forcing the need for emerging lifestyle changes at population levels
and possibly intensive medical therapy in high-risk individuals.
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