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INTRODUCTION

Epidemiology of cardiovascular disease (CVD)
in the world, Europe, Greece 

Cardiovascular disease (CVD) is a complex
disease, which may include a group of dis-
orders of the heart and the blood vessels

(i.e., coronary artery disease, cerebrovascular dis-
ease, peripheral artery disease, rheumatic heart dis-
ease, congenital heart disease, deep vein thrombosis
and pulmonary embolism, heart attacks and stroke1).
Data on CVD incidence are scarce and may vary be-
tween different regions. The Global Burden of Dis-
ease study showed that CVD burden remains high
worldwide2. In Europe, it seems that CVD incidence
is declining, but in the 57 European Society of Car-
diology (ESC) member countries, 113 million people
are living with CVD3. In Greece, according to the
Panhellenic Study of Nutrition and Health with a
sample of n=4.574 individuals (42.5% men) almost
from every region of Greece, the prevalence of CHD
was approximately 14%4. 

Established and modern CVD risk factors

Classic determinants of CVD have long been estab-
lished and include diabetes mellitus, hypercholes-
terolemia, hypertension, smoking, unhealthy dietary
habits, inflammation and atherosclerosis. Novel de-
terminants currently studied, including psychological
factors (e.g., stress), e-cigarettes, second-hand smo -
ke, “inflamm-ageing”, access to healthcare, health
literacy and gender equity, offer a new more indi-
vidualized perspective for managing CVD5-11. Thus,
regarding CVD management, a new challenge has
arisen; to pinpoint the pattern of factors that lead
to CVD development or death. These factors are
not only biological or clinical, but behavioral and
psychological as well, and may need to be studied
separately for men and women and/or for older and
younger people. Therefore, it is imperative that each
polity knows and understands this pattern –if any–,
so as to be able to establish more effective preventive
measures. 
The increasing worldwide burden of CVD (cal-

culated based on deaths or DALYs) seems to be par-
allel to the increasing prevalence of modifiable risk
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factors2. Similarly, in Europe, the prevalence of CVD
determinants (i.e., obesity, diabetes, hypertension)
is increasing12. In Greece, 40% of mortality is at-
tributed to behavioral risk factors (i.e., obesity, smok-
ing status, physical inactivity)13. The current Greek
population has been affected by unhealthy dietary
habits (i.e., lower adherence to the Mediterranean
diet), but smoking habits have decreased and physical
activity has increased, during the last 20 years14. In
the Panhellenic Study of Nutrition and Health the
prevalence of hypertension was approximately 13%,
hyperlipidemia 17%, diabetes 4%, obesity 16%, over-
weight 32%, approximately 50% of the participants
were active smokers and 72% were regular alcohol
consumers; of note sex and age differences were ob-
served (all ps<0.001)

4. In the National Health Ex-
amination Survey “EMENO” (2013-2016) (n=4.822)
(approximately 52% females, median age: 48 years),
the prevalence of hypercholesterolemia was approx-
imately 60% (no sex differences were observed), of
hypertension 39% (men: 42% > women: 36%), of
diabetes 12% (no sex differences were observed), of
obesity 32% (women: 34% > men: 30%) and of cur-
rent smoking 38% (men: 44% > women: 33%)15.

The ATTICA study: 20-year (2002-2022)
experience in CVD epidemiology in Greece

The ATTICA study is a prospective cohort study in
a sample of Greek adults from the province of Attica,
Greece (78% urban municipalities, including Athens
capital city) with follow-up evaluations at 5, 10 and
20 years after the baseline examination (i.e., 2001-
2: baseline, 2006: 5-year follow-up, 2012: 10-year fol-
low-up, 2022: 20-year follow-up). The main goals of
the study were to record and monitor the distribution
of several socio-demographic, lifestyle, clinical, bio-
chemical and psychological CVD risk factors, to ex-
plore the associations between the aforementioned
factors and to evaluate their prognostic significance
on long-term CVD risk.
The initial sample included 3.042 individuals, out

of 4.056 who were randomly invited to participate
from May 2001 to August 2002. Sampling was ran-
dom, and stratified by sex, age group and region (for
details see Pitsavos et al., 2003 and Panagiotakos et
al., 201516,17). Out of the 3.042 original participants,
2.169 were found and agreed to participate (71%
participation rate). Of those lost to follow-up (n=
873), 771 were not found due to changed, missing
or incorrect addresses or telephone numbers and
102 due to refusal to be screened again. Data without

any missing information were obtained from n=1.988
participants as regards to the 20-year CVD evalua-
tion. Between the age-sex distribution of this working
sample and the baseline no differences were ob-
served (p’s>0.80). As regards to participants who
died during the follow-up period, information was
obtained from their relatives and certified vital
records. The definition of the investigated outcomes
was based on International Classification of Diseases
(ICD)-10th version (for details see Panagiotakos et
al., 201517).

20-year CVD incidence, mortality and fatality 

During the 20-year period, 36% (n=718) of the par-
ticipants, 40% of men and 32% of women (p for gen-
der difference<0.001), experienced a fatal or non-fa-
tal CVD event. Coronary heart disease (CHD) and
stroke were analyzed together, due to the small num-
ber of stroke events (i.e., 4%). Of the 718 CVD
events, 13% (n=96) were fatal [man: woman (CVD
fatality rate) ratio = 4:1]. The overall 20-year CVD
mortality rate was 4.5% (7.3% for men and 1.8% for
women). 

All-cause mortality 

During the 20-year period, 9.5% (n=206) of the par-
ticipants, 13.3% of men and 5.7% of women, died.
The causes of deaths were: 48% due to CVD (of
which 72% stroke, 8% heart attacks and 20% other
CVD), 18% were due to cancer, 7% due to infec-
tions (of which, 14% due to Covid-19), 4% were ac-
cidents, 1.5% due to neurological diseases, 1% due
to chronic obstructive pulmonary disease and the
rest due to unknown reasons. No sex differences
were observed regarding the pattern of all-cause
mortality (p=0.223). 

CVD incidence according to age groups in
men and women during the 20-year period

Incidence from CVD differed between the age
groups of participants (p for trend<0.001, Table 1).
For instance, men who were between 65-75 years
old at baseline examination, experienced almost 
2 times higher risk of developing CVD compared to
those who were between 35-45 years. In addition,
women who were between 65-75 years old at base-
line, had 5 times higher risk to develop CVD, com-
pared to those who were between 35-45 years old
(p log-rank <0.001). 
The man-to-woman ratio also differed depending

on participants’ age group (p log-rank <0.001), with
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the overall man-to-woman CVD incidence ratio be-
ing 1.25. In particular, up to the age of 45 years at
baseline, men exhibited higher incidence compared
to women (i.e., man-to-woman age-adjusted ra-
tio>1). From the age of 45 years, women were ap-
proaching the CVD incidence of men of the same
age, and from the age of 55 years old, women had
26% higher CVD incidence compared to men. Fi-
nally, the sex-adjusted CVD risk increased 30% per
year increase of age (p<0.001).  

Lifestyle, clinical and psychological determi -
nants for CVD development, revealed during
the 20-year follow-up period 

Lifestyle, clinical and psychological trajectories of
participants during the 4 examinations of the 20-year

follow-up period are presented in Table 2. From
baseline to the 20-year follow-up, the prevalence of
all clinical characteristics (i.e., hypertension, diabetes,
hypercholesterolemia) significantly increased, while
the prevalence of current smoking decreased. In par-
ticular, compared to the baseline, history of hyper-
tension was approximately 1.6 times higher, history
of hypercholesterolemia was approximately 1.9 times
higher, and history of diabetes was more than 4 times
higher at the 20-year follow-up. Moreover, at the 20-
year follow-up, compared to the baseline, 52% of
the participants were overweight or obese (i.e., Body
Mass Index>25 kg/m2), the percent of participants
that were physically active decreased, while the level
of adherence to the Mediterranean diet (evaluated
through the MedDietScore) remained the same (i.e.,
moderate to high adherence).

Table 1. Twenty-year incidence of cardiovascular disease (CVD) in participants of the 20-year follow-up
evaluation of the ATTICA study, stratified by sex and age group (n= 1.988).

Men Women Man-to-woman cardiovascular
(n=987) (n=1.001) disease incidence ratio

Age at baseline,% 20-year incidence of
cardiovascular disease

<35 years old 4.3% 3.1% 1.4
35-45 years old 7.1% 3.4% 2.1
45-55 years old 41% 34% 1.2
55-65 years old 26% 35% 0.74
65-75 years old 12% 17% 0.70
75+ years old 8.8% 7.5% 1.17
Overall 40% 32% 1.25

Table 2. Clinical and lifestyle characteristics of the ATTICA study’s participants at the different evaluations
(i.e., baseline and 5-, 10-, 20-year follow-up examinations).

Baseline 5-year 10-year 20-year
Year of evaluation evaluation follow-up follow-up follow-up p for trend

(2001-2) (2007) (2011-12) (2022)

Ν 3.042 2.101 2.583 1.988
Development of CVD, % -1 9 16 36 <0.001
History of hypertension, % 30 40 52 49 <0.001
History of type 2 diabetes, % 7 12 20 30 <0.001
History of hypercholesterolemia, % 39 54 62 73 <0.001
Obesity, % 18 20 30 16 0.043
MedDietScore (range 0-55) 26 (7) 25 (7) 25 (7) 26 (7) <0.001
Smoking, % 43 38 33 27 <0.001
Low physical activity, % 60 71 75 72 <0.001

Continuous variables are presented as mean and standard deviation. Categorical variables as relative frequencies (percentages). 
*p-values for matched outcome derived using repeated ANOVA for normally distributed variables, the Friedman test for variables
that were not normally distributed and for the rest of the comparisons using the McNemar test. 1all participants were free of CVD
at baseline according to study’s entry criteria (see Methods section). Abbreviations: CVD: Cardiovascular disease.
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Conclusion
During the last 2 decades, for the purpose of manag-
ing CVD and its determinants, various strategies and
public health actions have been made. Notwithstand-
ing, presently, CVD burden in terms of incidence,
mortality and fatality is disturbingly high in the urban
Greek population. Thus, it would be prudent for fu-
ture public health actions to be more up-to-date with
the risk factors that afflict the Greek population, so
as to better monitor and manage CVD.
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