
International Journal of Preventive Medicine

© 2016 International Journal of Preventive Medicine | Published by Wolters Kluwer - Medknow

Original Article� Open Access

Physical Activity Level Improves the Predictive Accuracy of 
Cardiovascular Disease Risk Score: The ATTICA Study  
(2002–2012)
Ekavi N. Georgousopoulou1, Demosthenes B. Panagiotakos1, Dimitrios Bougatsas1, 
Michael Chatzigeorgiou1, Stavros A. Kavouras1,2, Christina Chrysohoou3, Ioannis Skoumas3, 
Dimitrios Tousoulis3, Christodoulos Stefanadis3, Christos Pitsavos3

1Department of Nutrition and Dietetics, School of Health Science and Education, Harokopio University, Athens, Greece, 2Department of Health, Human 
Performance and Recreation, University of Arkansas, Fayetteville, AR, USA, 3Hippokration Hospital, First Cardiology Clinic, School of Medicine, University of 
Athens, Athens, Greece

ABSTRACT
Background: Although physical activity  (PA) has long been associated with cardiovascular 
disease (CVD), assessment of PA status has never been used as a part of CVD risk prediction 
tools. The aim of the present work was to examine whether the inclusion of PA status in a CVD 
risk model improves its predictive accuracy.
Methods: Data from the 10‑year follow‑up (2002–2012) of the n  =  2020 participants  (aged 
18–89 years) of the ATTICA prospective study were used to test the research hypothesis. The 
HellenicSCORE (that incorporates age, sex, smoking, total cholesterol, and systolic blood pressure 
levels) was calculated to estimate the baseline 10‑year CVD risk; assessment of PA status was based 
on the International Physical Activity Questionnaire. The estimated CVD risk was tested against 
the observed 10‑year incidence (i.e., development of acute coronary syndromes, stroke, or other 
CVD according to the World Health Organization [WHO]‑International Classification of Diseases 
[ICD]‑10 criteria). Changes in the predictive ability of the nested CVD risk model that contained the 
HellenicSCORE plus PA assessment were evaluated using Harrell’s C and net reclassification index.
Results: Both HellenicSCORE and PA status were predictors of future CVD events (P < 0.05). 
However, the estimating classification bias of the model that included only the HellenicSCORE 
was significantly reduced when PA assessment was included (Harrel’s C = 0.012, P = 0.032); 
this reduction remained significant even when adjusted for diabetes mellitus and dietary 
habits (P < 0.05).
Conclusions: CVD risk scores seem to be more accurate by incorporating individuals’ PA status; 
thus, may be more effective tools in primary prevention by efficiently allocating CVD candidates.
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INTRODUCTION

To achieve more effective cardiovascular disease  (CVD) 
prevention, the European Society of Cardiology  (ESC) 
strongly suggested the individual overall risk estimation 
through risk scores.[1] The Framingham Heart Study was 
the pioneer in this field;[2] however, due to methodological 
concerns raised for its application to different populations, 
the ESC proposed the Systematic COronary Risk 
Evaluation  (SCORE) project.[3‑5] Despite the work has 
been done, the accuracy and use in daily practice of CVD 
risk prediction models is still a matter of concern.[6‑8] 
Under this context, attempts have been made to test 
whether risk models’ classification ability is improved by 
the inclusion of lifestyle aspects.[9,10] It is widely accepted 
that physical activity  (PA) stands as an effective lifestyle 
approach that protects against noncommunicable diseases, 
such as CVD, obesity, hypertension, as well as childhood 
obesity, through various mechanisms.[11,12] However, to the 
best of our knowledge, PA status has never been used as a 
component in a CVD risk prediction tool.

Thus, the aim of the present work was to evaluate whether 
the inclusion of PA status in a risk model that already 
contained overall CVD risk assessment using the SCORE 
has an impact on the accuracy of the model’s predictions.

METHODS

To evaluate the aforementioned research hypothesis, the 
data set of the ATTICA study was used.[13]

Sampling procedure at baseline examination
The ATTICA is a prospective observational study that 
was carried in Greece and specifically in the greater 
metropolitan Athens area, which included 78% urban 
and 22% rural regions. The study was carried out 
during 2001–2002. The main aims of the study were to 
evaluate the prevalence of CVD risk factors and the 
10‑year  (2002–2012) incidence of the disease and its 
predictors. Of the initially 4056 randomly allocated 
individuals, 3042 agreed to participate  (75% participation 
rate); there were no sociodemographic differences between 
those agreed to participate and the rest  (all P’s  >  0.05); 
1514 of the participants were men  (18–87  years) and 
1528 were women (18–89 years). All participants were free 
of CVD or cancer at baseline examination, as assessed 
through a detailed clinical evaluation by the study’s 
physicians. Details about the methodology and procedures 
of the ATTICA study have been presented elsewhere.[9,13]
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Measurements at baseline examination
Various baseline sociodemographic, biological, clinical, 
behavioral, and lifestyle characteristics of the participants 
were recorded through face‑to‑face interviews and 
clinical examinations that were carried on by the study’s 
investigators. Arterial blood pressure was measured at 
the end of the baseline physical examination following 
standard procedures.[9] Participants whose blood pressure 
levels were greater or equal to 140/90 mmHg or were under 
antihypertensive medication were classified as hypertensive. 
Serum total cholesterol levels were measured using 
chromatographic enzymic method in a Technicon automatic 
analyzer RA‑1000  (Dade Behring, Marburg, Germany). 
Hypercholesterolemia was defined as total cholesterol 
levels  >200  mg/dl or the use of lipids‑lowering agents. 
Blood glucose levels (mg/dl) were measured with a Beckman 
Glucose Analyzer  (Beckman Instruments, Fullerton, CA, 
USA); diabetes mellitus (Type 2) was defined according to the 
American Diabetes Association diagnostic criteria (i.e., blood 
glucose levels  >125  mg/dl classified participants as 
having diabetes). C‑reactive protein was measured by 
particle‑enhanced immuno‑nephelometry. The International 
Physical Activity Questionnaire (IPAQ) was used as an index 
of weekly energy expenditure using frequency  (times/week), 
duration (min/time), and intensity of sports or other habits.[14] 
To reduce skewness of the variable metabolic equivalents 
of task  (MET)‑min/week, the tertiles of METs were used 
in the present analysis  (<150, 150–720, ≥720 MET‑min 
weekly) rather than the IPAQ cut‑offs. Furthermore, as 
regards smoking habits, smokers were defined as those who 
were smoking at least one cigarette/day during the past year 
or had recently stopped smoking  (within last year); the rest 
were defined as nonsmokers. The MedDietScore was used to 
evaluate adherence to the Mediterranean diet; it is an index 
consisting of 11 questions regarding consumption frequency 
of the main foods of the Mediterranean diet pyramid. In 
particular, individual ratings  (from 0 to 5 or the reverse) 
were assigned in each of the 11 food groups according to 
their position in the Mediterranean diet pyramid. Thus, the 
score ranges from 0 to 55. Higher values of this diet score 
indicate greater adherence to the Mediterranean diet. The 
MedDietScore has been previously validated and extensively 
used.[15,16]

Evaluation of estimated 10‑year risk
The estimated 10‑year CVD risk of the participants was 
calculated using the HellenicSCORE, which is a calibrated 
version of the ESC SCORE.[5] Briefly, to calibrate the ESC 
SCORE model for the Greek population, national mortality 
and prevalence data regarding systolic blood pressure, total 
serum cholesterol, and smoking habits, by age group and 
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gender, were used; whereas, annual CVD death rates were 
obtained from the WHO mortality database for 2002.[17] 
The applied calibration method has been recommended 
by D’Agostino et  al.,[18] and both the ESC SCORE and 
the HellenicSCORE have been extensively been used in 
clinical practice and research, as well.

Follow‑up examination (2002–2012)
During 2011–2012, the ATTICA study’s investigators 
performed the 10‑year follow‑up  (2002–2012). Of the 
n = 3042 initially enrolled participants, n = 2583 were found 
during the follow‑up  (15% lost to follow‑up). For the 
present work, data from n = 2020 participants with accurate 
CVD evaluation were used. Among other characteristics, 
information about participants’: (a) Vital status (death from 
any cause or due to CVD),  (b) development of coronary 
heart disease  (CHD)  (i.e.,  myocardial infarction, angina 
pectoris, other identified forms of ischemia‑WHO‑ICD 
coding 410–414.9, 427.2, 427.6‑, heart failure of different 
types, and chronic arrhythmias‑WHO‑ICD coding 
400.0–404.9, 427.0–427.5, 427.9‑), and  (c) development 
of stroke  (WHO‑ICD coding 430–438) was assessed. 
These outcomes were used here to calculate individuals’ 
observed CVD risk and compare it with the estimated risk 
mentioned above.

Statistical analysis
Unadjusted, nonfatal, and fatal incidence rates of 
combined CVD outcomes  (i.e.,  CHD or stroke) were 
calculated as the ratio of new cases to the number 
of people participated in the follow‑up. Continuous 
variables were presented as mean values  ±  standard 
deviation or median  (interquartile range) and 
qualitative variables were presented as frequencies  (and 
percentages). Associations between categorical variables 
were tested using the Chi‑square test. Comparisons 
between mean values of normally distributed variables 
between those who developed an event and the rest 
of the participants were performed using Student’s 
t‑test, after controlling for equality of variances using 
the criterion suggested by Levene. Distribution of the 
continuous variables was tested for normality through P‑P 
plots. For continuous variables that were not normally 
distributed  (i.e.,  C‑reactive protein levels), the Mann–
Whitney nonparametric test was applied to evaluate the 
differences in the distributions of the skewed variables 
between those who developed a CVD event and the 
CVD‑free participants. Analysis of Variance was used to 
evaluate comparisons between mean values of normally 
distributed variables for the tertiles of METs, whereas 
the Kruskal–Wallis test was applied to evaluate the 
differences in the distributions of the skewed variables 
among the tertiles of METs. The hazard ratios  (HRs) of 
developing a CVD event during the 10‑year period, with 
their 95% confidence intervals (CIs), were estimated using 
Cox proportional hazards models. The proportionality 
of hazards was assessed using the appropriate graph 

and statistical test  (Schoenfeld residuals). The 
time‑to‑CVD‑event was recorded on annual basis. 
Log‑rank test was also applied to evaluate differences 
between groups of participants as regards CVD incidence. 
Certain variables of biological interest were forced in the 
final models. Corresponding HR curves were adjusted 
for HellenicSCORE, diabetes mellitus, and levels of 
C‑reactive protein. Calibration of the multivariable 
survival models was performed by comparing predicted 
probabilities and actual observed risk. Improvement in 
goodness of fit after adding MedDietScore to established 
risk factors was assessed by the likelihood ratio test. 
The incremental predictive value of HellenicSCORE by 
PA ascertainment over established risk factors already 
included in the model was assessed using Harrell’s 
C‑index for censored time‑to‑event data  (measure for 
model discrimination with larger values indicating better 
discrimination).[19,20] Harrell’s C of inverse HR was used 
as a measure of the predictive power of survival regression 
models after splitting data into training and test sets to 
avoid over‑optimistic estimates and statistics derived with 
the STATA procedures “somers d” and “lincom.”[21,22] All 
reported P  values were based on two‑sided tests. SPSS 
version  21  (Statistical Package for Social Sciences, SPSS 
Inc., Chicago, IL, USA) software was used for all other 
statistical calculations.

RESULTS

Ten‑year cardiovascular disease incidence rate
The combined, fatal, and nonfatal, 10‑year CVD 
incidence was n  =  317  (15.7%)  (mean follow‑up time 
8.41 years). Of the n = 317 cases, n = 198 (19.7%) were 
men and n  =  119  (11.7%) were women  (P for gender 
difference  <0.001). Moreover, 46 out of 317 events were 
fatal  (n  =  34 men) and thus, the overall 10‑year fatal 
CVD rate was 1.8% (3.4% for men and 1.2% for women). 
Baseline characteristics of the participants by CVD 
status at 10‑year are presented in Table  1. Participants 
who developed CVD were older, men, had increased 
blood lipids, systolic/diastolic blood pressure, glucose, 
C‑reactive protein, as well as lower levels of adherence 
to the Mediterranean diet (all P < 0.001). No significant 
difference was detected as regards to other characteristics 
of the participants [Table 1].

Baseline characteristics of the participants by METs’ 
tertiles are presented in Table  2. As it can be seen, 
the group of active participants consisted of men, 
nonsmokers, and lower C‑reactive protein levels. 
No significant difference was detected as regards to other 
characteristics of the participants [Table 2].

Estimated 10‑year cardiovascular disease risk 
using the HellenicSCORE
The HellenicSCORE was divided into seven 
classes  (i.e.,  <1%, 1%, 2%, 3–4%, 5–9%, 10–14%, 
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and  >14% risk of developing fatal CVD events during 
the next 10‑years based on the baseline information) 
according to the classification given by the ESC 
SCORE.[4] A highly significant association between 
those who developed a CVD event and classes of 
HellenicSCORE was observed, since much more people 
who were classified in the higher classes of CVD risk, 
developed an event actually [Table 3].

Concerning the 10‑year risk for fatal CVD, PA status and 
HellenicSCORE were modeled separately to examine the 
explanatory ability of each factor. Furthermore, the two 

factors were modeled together to evaluate the additive 
ability of the PA assessment in predicting fatal CVD 
events. Physical inactivity status was positively associated 
with future CVD fatal events  (HR for lowest vs. highest 
PA tertile  =  1.91, 95% CI: 0.95, 3.84). Moreover, the 
HellenicSCORE was also a significant predictor of 
fatal CVD events  (HR per 1 class increase  =  2.08, 95% 
CI: 1.71, 2.54).

Although the HellenicSCORE has been developed 
for predicting fatal CVD events, the aforementioned 
analyses were also performed for the overall CVD 

Table 1: Characteristics of the ATTICA study’s participants (n=2020) according to the 10‑year fatal or nonfatal incidence 
of cardiovascular disease

Baseline (n=2020) Status at 10‑year follow‑up P

CVD event 
free (n=1703)

CVD 
events (n=317)

Age, years 45±14 43±13 58±13 <0.001
Male gender, n (%) 1010 (50) 817 (48) 200 (63) <0.001
Smoking at baseline or before, n (%) 869 (43) 937 (55) 181 (57) 0.462
MedDietScore (0–55) 26±7 26±6 23±7 <0.001
METs per day, median±IQR 243±514 240±685 297±466 0.207*
Systolic blood pressure, mmHg 123±19 121±18 133±20 <0.001
Diastolic blood pressure, mmHg 80±24 78±11 82±12 <0.001
Hypertension, n (%) 606 (30) 477 (28) 162 (51) <0.001
Total cholesterol, mg/dl 194±42 193±41 207±43 <0.001
Hypercholesterolemia, n (%) 788 (39) 681 (40) 57 <0.001
Fasting glucose, mg/dl 93±25 92±22 104±33 <0.001
Diabetes, n (%) 141 (7) 85 (5) 70 (22) <0.001
C‑reactive protein (mg/L), median (IQR) 1.93 (2.4) 0.99 (0.9) 1.42 (1.15) <0.001*
Data are presented as mean±SD (otherwise stated), *P values derived using the Mann–Whitney U‑test nonparametric test, while for the rest of the comparisons using Chi‑square 
test or t‑test for the categorical and continuous variables, respectively. IQR=Interquartile range, SD=Standard deviation, METs=Metabolic equivalents of task

Table 2: Characteristics of the ATTICA study’s participants (n=2020) according to the physical activity tertiles of the 
participants

Baseline physical activity status P

Highly 
active (n=722)

Moderately 
active (n=574)

Inactive (n=724)

Age, years 45±15 48±14 43±12 <0.001
Male gender, n (%) 390 (54) 270 (47) 348 (48) 0.014
Smoking at baseline or before, n (%) 361 (50) 310 (54) 434 (60) <0.001
MedDietScore (0-55) 26±6 25±6 27±7 <0.001
METs per day, median (IQR) 1886 (947) 245 (81) 99 (25) <0.001*
Systolic blood pressure, mmHg 123±18 125±19 122±18 0.005
Diastolic blood pressure, mmHg 79±12 79±11 79±12 0.984
Hypertension, n (%) 224 (31) 195 (34) 217 (30) 0.253
Total cholesterol, mg/dl 192±42 200±45 194±37 0.004
Hypercholesterolemia, n (%) 289 (40) 270 (47) 304 (42) 0.047
Fasting glucose, mg/dl 93±21 94±23 94±27 0.608
Diabetes, n (%) 43 (6) 63 (11) 36 (5) <0.001
C‑reactive protein (mg/L), median (IQR) 0.92 (0.87) 1.14 (0.95) 1.15 (1.00) 0.012*
Data are presented as mean±SD (otherwise stated), *P values derived using the Kruskal–Wallis nonparametric test, while for the rest of the comparisons using Chi‑square test or 
ANOVA for the categorical and continuous variables, respectively. ANOVA=Analysis of variance, IQR=Interquartile range, SD=Standard deviation, METs=Metabolic equivalents of task
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outcomes  [Table  4]. Specifically, the unadjusted model 
that included only PA status revealed that the lowest 
versus highest tertile was positively associated with future 
fatal and nonfatal CVD events (HR = 1.37, 95% CI: 1.03, 
1.82); similarly, the unadjusted model that included 
only the HellenicSCORE was also highly significant in 
predicting fatal and nonfatal CVD events (HR = 2.05, 95% 
CI: 1.69, 2.5). Then, HellenicSCORE and PA status were 
modeled together. Both HellenicSCORE  (HR per 1 class 
increase  =  1.83, 95% CI: 1.48, 2.26) and PA status  (HR 
lowest vs. highest class  =  1.33, 95% CI: 1.01, 1.77) 
remained significantly and independently associated with 
10‑year fatal and nonfatal CVD risk. Moreover, when 
the PA status was taken into account in addition to the 
HellenicSCORE, the incremental ability of the final risk 
model in predicting fatal and nonfatal CVD events was 
improved  (Harrell’s C  =  0.012, P  =  0.03). Regarding 
residual CVD risk that could not be adequately estimated 
only with HellenicSCORE, the discriminating ability of 
PA status over additional predictors was further explored. 
The nested models included the HellenicSCORE as 
well as the level of adherence to the Mediterranean 
diet  (through the MedDietScore), C‑reactive protein, 
and diabetes mellitus, as the major CVD risk factors that 
were not incorporated in the HellenicSCORE. When PA 
status was taken into account over HellenicSCORE and 

MedDietScore, the incremental ability of the risk model 
in predicting CVD fatal events was improved  (Harrell’s 
C  =  0.010, P  =  0.008)  [Table  4]. However, the 
inclusion of PA status did not manage to increase the 
reclassification properties of the models already including 
the HellenicSCORE  [Table  4]. When C‑reactive protein 
levels were included in the risk model, the PA status 
lost its incremental classification ability  (Harrell’s 
C  =  0.003 P  =  0.440). Moreover, the interaction 
between PA group and C‑reactive protein levels was not 
significant (P = 0.535).

DISCUSSION

In the present work, it was revealed that the inclusion 
of PA in a CVD risk prediction model improves tool’s 
correct classification ability. In particular, the inclusion of 
participants’ PA status in a model that already contained 
the HellenicSCORE  (that incorporates the risk derived 
from age, sex, smoking, cholesterol, and blood pressure 
levels), as well as history of diabetes and dietary habits 
evaluation, increased model’s accuracy in predicting 
future CVD events. The latter finding deserves further 
attention from a public health perspective, since the 
incorporation in daily setting will improve CVD risk 
management at both individual and population level, 
through accurately “allocating” the potential future CVD 
“candidate.” Moreover, accurate determination of the 
potential CVD candidate reduces false positive results, 
improves accreditation to risk assessment tools, and above 
all, provides to the physicians and healthcare providers a 
practical tool for defending against the increasing burden 
of cardiac diseases.

Recent epidemiological reports in Europe presented 
decreasing CVD incidence and confirmed the existence 
of effective screening tools, treatments, and medical 
practice nowadays,[1] while more CVD events occur due 
to lifestyle factors, such as unhealthy dietary habits, 
physical inactivity, and smoking, suggesting that there 
is still residual CVD risk that might be treated with 
a lifestyle‑targeted approach.[2] Simultaneously, the 
statistical prediction of CVD risk has received much 
interest during the few past years. Consequently, 

Table 3: 10‑year (2001-2011) fatal and nonfatal 
incidence of cardiovascular disease, in men and women 
participated in the ATTICA study, according to the 
HellenicSCORE classification

HellenicSCORE 
at baseline 
examination 
(2001-2002) (%)

Men (n=1013) Women (n=996)

Fatal 
events (%)

Nonfatal 
events (%)

Fatal 
events (%)

Nonfatal 
events (%)

≤1 0.7 (6) 8.9 (59) 0 (0) 2.4 (12)
2-4 3.1 (7) 22.9 (40) 0.3 (1) 9.0 (25)
5-9 5.4 (8) 19.3 (36) 1.7 (5) 27.5 (55)
10-14 6.5 (3) 33.3 (11) 12.2 (6) 39.5 (15)
≥15 22.2 (10) 45.0 (18) ‑ ‑
The HellenicSCORE was developed to predict only fatal CVD events; the 
presentation of nonfatal events in comparison to score’s categories was made in 
order to test whether HellenicSCORE is associated with nonfatal CVD events, too. 
CVD=Cardiovascular disease

Table 4: Results from survival models that evaluated the association between physical activity level with the 10‑year risk 
for cardiovascular disease events (n=2020), and calibration parameters of the estimated models

Hazard ratio (95% CI) 
Weekly MET‑min tertiles

P for trend Harrell’s C (95% CIs) Net reclassification 
improvement for 

METs inclusion (%, P)Highly active Moderately active Inactive

Unadjusted Reference 1.78 (1.34-2.35) 1.37 (1.03-1.82) <0.001 ‑ ‑
Model 1 Reference 1.33 (1.01-1.77) 1.14 (0.86-1.53) <0.001 0.012 (0.001-0.022) 3.2, 0.598
Model 2 Reference 1.38 (1.04-1.83) 1.16 (0.87-1.54) <0.001 0.010 (0.003-0.018) 3.0, 0.630
Model 3 Reference 1.38 (1.04-1.83) 1.17 (0.88-1.57) <0.001 0.007 (0.001-0.014) 0.6, 0.923
MET=Metabolic equivalents of task, Model 1=HellenicSCORE, MET‑min group, Model 2=HellenicSCORE, MET‑min group and MedDietScore, Model 3=HellenicSCORE, MET‑min 
group, MedDietScore and diabetes mellitus, CIs=Confidence intervals
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several prediction models have been developed for 
the prevention of CVD,[23] but still, the set of risk 
factors is, more or less, limited, so, several investigators 
claim that the effort of risk prediction still needs more 
attention.[6] Inaccuracies in the predictions were mainly 
attributed to the lack of important information that 
should have been incorporated in these models, such 
as dietary habits, PA status, and other lifestyle factors. 
In a recent report from our team, the MedDietScore 
assessment was strongly associated with better calibration 
of the predictions when included in the model containing 
the traditional CVD risk factors.[9]

As regards the protective role of PA against CVD, 
this is not surprising, as it is widely accepted that 
being physically active offers protection against CVD 
development through several biological paths, such as 
reducing arterial blood pressure, reducing inflammation, 
balancing body weight of subjects, increasing insulin 
sensitivity and decreasing depression levels, and should 
be treated separately than traditional CVD risk factors 
and dietary habits.[7,24‑27]

From a methodological point‑of‑view, it is recognized 
that there are two elements that describe the reliability 
of risk prediction models, calibration, and discrimination. 
According to what has been previously discussed, presence 
of bias in CVD risk prediction may be considered as 
a fact in cardiovascular epidemiology. For example, 
regarding the performance of Framingham risk functions 
on European populations, it has been observed that the 
score sheets overestimate CVD risk in Southern European 
populations.[28] Previous studies have suggested that in 
Northern European populations, the Framingham Heart 
Study score sheets predict with accuracy the number 
of observed CVD events.[29] On the contrary, validation 
studies have shown that Framingham sheets overestimate 
the individual risk of CVD in representative British and 
Denmark populations.[30] These inaccuracies in prediction 
were not attributed to the incidence differences of the 
various manifestations of CVD  (i.e.,  fatal, hard, and 
mild). However, homogeneity analysis revealed that these 
discrepancies in estimating actual risk were not attributed 
to differences in the traditional CVD risk factors levels. 
Thus, there is a need for proposing additional factors that 
might reduce bias in CVD risk prediction models. In the 
present work, it was revealed that PA assessment seems 
to play an important role in increasing the accuracy of a 
CVD risk model’s prediction.

Strengths and limitations
Strength of the present work is that middle‑aged 
population was studied for developing CVD, which is 
very important when addressing patho‑biological research 
hypotheses concerning CVD prevention. Although the 
assessment of various clinical risk factors performed 
once, and may be prone to measurement error. However, 

applied methodology was similar to those of other 
prospective epidemiological studies globally and the 
results are comparable. Concerning the assessment of PA 
status, the use of IPAQ provides an assessment bending 
on the previous week, suggesting that the results cannot 
be extrapolated to future times. Thus, it is possible that 
major changes in PA status may have occurred within the 
decade, but this is the most commonly used methodology 
for evaluating the effect of PA on CVD risk. The sample 
used for the validation procedure  (i.e.,  the ATTICA 
study’s database) may not be representative of the whole 
Greek population, but it should be underlined that 
roughly half of the population lives in the surveyed area. 
Furthermore, the incorporation of PA status directly in 
the SCORE tool, as age groups, sex, smoking categories, 
etc., may indeed reveal tools predictive value. However, 
the relatively small number of observed events in the 
ATTICA study did not allow for such analysis.

CONCLUSIONS

Based on a large, population‑based sample of men 
and women, it was revealed that the estimation bias of 
future CVD events is still high. In particular, although a 
widely accepted tool was used to predict future cardiac 
events  (i.e.,  the ESC SCORE), approximately, one‑tenth 
of the participants were misclassified. Moreover, inclusion 
of lifestyle characteristics, such as PA habits, in the risk 
models, increased CVD risk prediction accuracy. The 
results of this work have not been confirmed in other 
populations, yet however, the addition of PA assessment 
in CVD risk prediction models, on the top of dietary 
habits’ assessment and clinical factors, may help clinicians 
and public health policy makers to better predict, and 
consequently, prevent new CVD events.
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