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ABSTRACT

Aim: The aim of this study was to explore the geographical disparities in CVD incidence across the Attica
region, over a 20-year period.

Material and Methods: The 10-year and the 20-year CVD incidence data were provided by the ATTICA study,
which was conducted during 2002-2022 in 3042 individuals living in Attica region. After excluding those lacking
complete locality information and those lost in the 10-year and the 20-year follow-up, data for 1935 and 1902
individuals respectively, were used for the current analysis. CVD incidence rates at municipality level were mapped
and hot spot analysis was implemented to recognize statistically significant spatial clusters in Attica region.
Results: Mapping CVD incidence rates revealed a notable rise during the 20 years in most municipalities. The
rise in female-specific CVD incidence appeared primarily in suburban areas, while a significant rise in male-
specific CVD incidence was noticed in urban areas. Statistically significant spatial clusters of high values were
indicated in the most urbanized municipalities of the study area, whereas clusters of low values were noticed in
the more distant rural municipalities, which maintained lower CVD incidence rates during the monitoring period.
Conclusions: A spatial heterogeneity of the sex-specific 20-year CVD incidence rate was observed in the
Attica region of Greece.

KEY WORDS: Geospatial analysis, cardiovascular disease, incidence, risk, Attica, Greece

Corresponding author:

Demosthenes Panagiotakos

Harokopio University of Athens

70 El. Venizelou Ave,, Kallithea, 176 76, Athens, Greece

Tel.: +30 210 9549332, E-mail: dbpanag@hua.gr Submission: 24.11.2023, Acceptance: 04.01.2024

Journal of Atherosclerosis Prevention and Treatment — JAPT



INTRODUCTION

Based on the most recent reports from the World
Health Organization (WHO), cardiovascular diseases (CVD)
are the number one cause of morbidity and mortality
globally, accounting for approximately 30% of all deaths.'
However, the exact cause of CVD is not completely under-
stood as a considerable proportion of incident cases were
without any risk factors.? It has also been reported that
the prevalence of CVD varies by geographical region, as
well as gender, race and living environmental conditions.

In Greece, CVDs remain the primary cause of death
and disability, despite the progressions that have been
made the past decades in primary, but more consistently
in secondary prevention settings.® Although several epide-
miological studies have assessed prevalence of CVD and
related risk factors, in Greece, limited studies have focused
on the geographical distribution of prevalent CVD, and
no study has associated incidence of CVD with region of
residence. Thus, the purpose of this study was to evaluate
the geographical distribution of CVD incidence, in the
Attica region, through a period of 20 years of the general
population monitoring, from 2002 to 2022.

MATERIAL AND METHODS
Design

Data for the present study were obtained from a health
and nutrition prospective cohort study, the ATTICA study.
The study was initiated in 2001-2002, based on a rep-
resentative (census 2001), population-based sampling
scheme from all cities of the Attica (or Attiki) region, in
Greece (including the metropolitan city of Athens),* and
continued for 20 years with three subsequent follow-up ex-
aminations, in 2006,2011-2012, and 2022, respectively.>”

Sample

A representative sample of 3042 apparently healthy
volunteers (free of CVD and other chronic diseases), in the
58 municipalities of Attica region, agreed to participate
(75% participation rate). Of the enrolled participants, 1514
(49.8%) were men [mean age =46 (SD=13) years old] and
1528 (50.2%) were women [mean age =45 (SD = 14) years
old]. Of the 3042 initially enrolled participants, 2020 were
found during the 10-year follow-up (66% participation
rate), and 1988 participants were found in the 20-year
follow-up (65% participation rate). No significant differ-
ences were observed in basic demographic characteristics
between those who were lost to follow up and the rest.”

Bioethics

The study was carried out in accordance with the Dec-
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laration of Helsinki (1989) of the World Medical Association
and was approved by the Institutional Ethics committee
of Athens Medical School (#017/1.5.2001). All participants
were informed about the study aims and provided written
consent to participate in the study.

Cardiovascular outcomes assessment

The development of a first, fatal or non-fatal CVD event
during the follow-up examinations was defined as the
emergence of myocardial infarction, angina pectoris, or
other identified forms of ischemia, heart failure of various
types, chronic arrhythmias, or the onset of a stroke, ac-
cording to the 10" WHO International Coding of Disease
classification (ICD-10).

The sample used for the current analysis consisted of
1935 participants from the 10-year follow-up and 1902
from the 20-year follow-up examination, with complete
data on locality and CVD event development. For this
study, the 10-year and 20-year CVD incidence at the mu-
nicipality level was used, as the ATTICA study’s sample was
representative of each municipality population.

Spatial Analysis

Geographic Information Systems (GIS) technology was
used to map CVD incidence across Attica municipalities
and identify hotspots of high-risk areas. A spatial database
was created, including the epidemiological data and the
spatial layers of the 58 administrative units (municipali-
ties). The geocoding of participants’ characteristics from
the ATTICA study relied on their residential addresses,
assigning each observation to the respective spatial unit.
The data were aggregated by municipality, and the 10-year
and 20-year CVD incidence (%) for the total population,
as well as for men and women, were calculated.

Hot-Spot-Analysis was conducted using Getis-Ord
Gi* statistic to identify significant spatial clusters of both
high and low values. The standardized Gi* is essentially a
z-value of each spatial unit in a dataset, factoring in the
unit’s value, neighboring units’ values, and the overall
distribution of values across the study area. The z-score
is linked to statistical significance at confidence levels of
99%, 95%, and 90%, indicating whether a spatial unit has
notably high or low values compared to its neighboring
units and whether they cluster spatially.

The spatial relationship conceptualization and the
distance method should be set in Hot Spot Analysis. The
spatial relationship conceptualization was based on the
fixed distance band, where each spatial unitis analyzed in
relation to its neighboring spatial units by setting a critical
distance. Spatial units inside the specified distance exert
influence on computations for the target spatial unit,
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whereas units outside the critical distance have no influ-
ence on the target unit’s computations. In this analysis,
the optimal fixed distance band, based on peak clustering,
was calculated and set for each dataset.

Spatial analysis resulted in a set of thematic maps
illustrating the spatial distribution of CVD incidence (%),
and the areas with statistically significant high (hot spots)
or low values (cold spots). The incidence values were clas-
sified using common class intervals for both the 10-year
and 20-year data, to ensure comparability of the results.
The classification was based on the statistical mean of
the total population CVD incidence in the Attica region.
In the produced maps, five classes were specified based
on the region’s mean value, creating a central class, and
the respective statistical means of the values below and
above the region’s average, defining the two lower and
the two upper classes respectively. Details about the
methods and inference made may be found elsewhere ®°

Spatial analysis and mapping were performed using
ArcGIS version 10.2 (ESRI Inc., Redlands, California, USA).

RESULTS

Mapping CVD incidence in the Attica region indicated
higher 20-year CVD incidence rates compared to the 10-
year CVD incidence across the majority of the municipali-
ties (Figures 1a, 1d). The rise of the CVD incidence between

the two periods is noticed mainly in the urban municipali-
ties within the metropolitan area of Athens, whereas the
rural municipalities maintained lower rates. Municipality
level rates on male-specific CVD incidence were higher
than female-specific in both follow-up studies (Figures
1b, 1¢, 1e, 1f), though the female-specific CVD incidence
was increased in many municipalities as well (Figure 1f).

Hot-spot analysis revealed significant hot and cold
spots only for the total population and the male-specific
20-year CVD incidence (Figures 2a, 2b). All hot spots are
located in the central urban metropolitan area of Athens,
while the cold spots both in total population and male-
specific 20-year CVD incidence are noticed in the more
distant rural municipalities.

DISCUSSION

The aim of this brief report was to present the spatial
distribution of CVD incidence in the Attica region, in
Greece, based on a very long-term follow-up period. It
was observed that a significant increase in 10-year CVD
incidence was limited to a few municipalities. However, in
the 20-year follow-up, a notable rise was observed across
most municipalities, primarily concentrated in urban areas.
The increased rates in urban areas are mainly attributed
to male-specific CVD incidence, revealing statistically
significant spatial clusters of high values.

[ 10-year CVD incidence (%)
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FIGURE 1. Spatial variability of the sex-specific 10-year and 20-year incidence of CVD across Attica municipalities in 2012 and 2022.
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(a) Total population

Statistically significant hot and cold spots of 20-year CVD incidence (%)
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FIGURE 2. Hot and cold spots of the 20-year CVD incidence, 2022.

Cardiovascular disease epidemiology in Greece has its
origins in the Seven Countries Study, where Ancel Keys
and his Greek colleagues, Anastasios Dontas and Chris
Aravanis, enrolled in the late 1950s about 1,300 men
aged 40-59 years old from Crete and Corfu villages."” A
key finding of the Seven Countries Study was that the
Greek cohorts showed the lowest CVD incidence rates
among all 16 cohorts of the 7 participating studies at 10
and 25 years of follow-up. Almost three decades after,
in mid 1980s, Moulopoulos et al., evaluated risk factors
for CVD in a random sample of 4,097 Athenian men and
women. The main conclusion of the Athens Study was that
the prevalence rates of CVD risk factors were the same or
greater than those in industrialized countries.'?The Attica
Study was conducted in the beginning of 2000s, to evalu-
ate the prevalence of CVD risk factors and related cardio-
metabolic disorders, like obesity, diabetes, dyslipidemias
and hypertension, as well as to assess the incidence of
CVD in the long-term. The 5-year follow-up of the study
revealed that 8.5% (11.0% men and 6.1% women) of the
participants developed a CVD event during this period,
while this rate was increased to 15.7% (19.7% men and
11.7% women) within 10 years, and to 36.1% (40.2% men
and 32.1% women) within 20 years. Alongside the increase
in CVD incidence rates over the years, a decrease in the
man-to-woman ratio was observed, decreasing from 1.8 in
thefirst 5 years to 1.6 within 10 years, and further down to
1.2 during 20 years.>” It should also be noted that, during
the 20-year follow-up, differences in the man-to-woman
CVD incidence ratio were observed by age-group.’

100

In the present study a geospatial analysis was per-
formed based on the 20-year follow-up data, highlighting
the varying levels of CVD incidence rise between urban and
rural areas, and the spatial heterogeneity between men
and women CVD incidence rates. Future directions and
analyses may reveal associations between CVD incidence
and various environmental factors, like green areas cover-
age, proximity to parks, availability of sports facilities and
other recreational areas that promote physical activity.
Other studies from countries in Europe, Asia, Americas
have shown there is an association between residential
greenness and CVD outcomes, as living in greener neigh-
borhoods and near parks encourage physical activity that
exerts beneficial effects on cardiovascular health.’3'¢

Limitations

The aggregation of CVD outcomes data at the munici-
pality level assumed a uniform distribution. However, it
has to be acknowledged that the ATTICA study sample
is representative of the population living in the Attica
region. Furthermore, the variability in CVD incidence rates
among neighborhoods within municipalities may lead to
challenges related to the modifiable areal unit problem.

CONCLUSIONS

This study is the first study investigating the geographi-
cal variability of the sex-specific 20-year CVD incidence rate,
demonstrating significant variations among Attica region’s
municipalities. This spatial heterogeneity may reflect dif-
ferences in the environmental features of residential areas,
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since higher rates were observed in the most urbanized
municipalities of Athens metropolitan area. Identifying statis-
tically significant spatial clusters indicates high CVDrisk areas,
prioritizing them for targeted interventions and awareness
efforts, tailor-made to specific needs of men and women.
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EikocaeTA¢ emimtwon Kapdiayyelakwv cupfapdtwyv otnv EANGda:
Mia yewxwpiki avaAvon oto mAaioto tng peAétng ATTIKH (2002-2022)

AvTtiyovn Odka’, Euayyelia Aapiyou?, Xpiotiva Xpuooxoou?, dwtiog Mndpkag?,

EAmvikn BAayxomouAou?, Anunteng Aaipvpac?, Xpiotiva Bagia?, EuayyeAivog MixeAnc?,
Aonpiva Aoukiva?, FTewpylog Mevt{avtwvakng?, Métpog 2. Adapuidng’, lewpyia Avactaciouv?,
ApaAia A. Koutooyidvvn?, Xpiotog XaAkidg', Xpnotog MNitoafoc?, Eudyyehog Aupunepdmouloc’,
Kwotag Toloueng?, Métpog M. Zenkakng®, AnpuooBévng Mavaylwtdkog?

"Tunua rewypagiag, 2xoAr MepiBdArovrog, ewypapiag & Epapuoouévwv Oikovoulkwy, XapoKomelo
MavemoTtriuio, ABriva, EAAada, *Turjua Emotriung AtaitoAoyiag-Aiatpo@rig, XxoAr Emotnuwv Yyeiag kat
Aywyric, Xapokomelo lNavemotriuio, ABriva, EAAada, *A’ KapSiodoyikry KAvikn, latpikri ZxoAr, EQviko kat
Kamodiotpiakd lNavemotriuio ABnvwy, Immokpdteio Noookoueio, ABrva, EAAGSa, “Turua EowtepIKic
MaBoloyiag, latpikn ZxoAn, Mavemotruio lwavvivwy, lwavviva, A’ Turjua lNpomaibeutikric Maboloyiag,
latpikn ZxoAn, EBviké kat Kammodiotpiakd lNMavemotruio ABnvawy, leviké Nocokoueio Aaiké, ABriva, EAAdda

TKOMOG: 2KOTOG TNG MApoLoag PENETNG ATAV va SIEPEUVHOEL TIC XWPIKES SlaPOPOTIOINCEIG OTNn ouxvoTNTa
EUPAVIONG KapOLAYYELAKWY VOGN UATWY OTNV TIEPLOXH TNG ATTIKNAG, OE pia TTEPIS0 20 ETWV.
YAik6 kat MéBodot: Ta Sedopéva tng emimwon tng kapdiayyelakng vooou 10 kat 20 eTwv mporiABav armo Tn MENETN

ATTIKH, n omoia 81e€nx0n tnv mepiodo 2002-2022 e 3042 dtopa mou KAtolkouoav oTny TepLoxr TG ATTIKG. Metd
TOV amoKAEIop6 eKeivwv TIOU Sev gixav AN PELG TANPOYOPIEG yia TNV TomoBEeaia Kal ekeivwv TTou xabnkav otn 10et
Kat tnv 20t mapakoAolONaoN, yla TNV Tpéxouca avaiuon xpnotpomnolridnkav dedopéva yia 1935 kat 1902 dtopa,
avtioTolya. Ta mooooTd EPPAVIONS KapSlayYEIOKWY VOO UATWV o€ eMimeSo SrLoL XapToypa®ridnkav Kal EQapuo-
oTnKe avaluon hot spot yla tnv avayvwpion CTOTIOTIKA CNUAVTIKWY XWPIKWY CUCTASWV 0TV TTEPLOXH TNG ATTIKAG.
AmnoteAéopata: H xapToypdpnon Twy TocooTWY EUPAVIONG KAPSIAYYEIAKWY TTABroewv amokAAUYE pia a&loon-
peiwtn avénon katd tn didpkela TG 20€Tiag oToug MEPIOOOTEPOUG Sripoud. H abénon tng ocuxvoTNTag EUPAVIONG
KapOIayYELAKG VOOOU EISIKA YO YUVAIKEG EUPAVIOTNKE KUPIWG OE TIPOACTIOKES TIEPIOXES, EVW CNUAVTIKI avénon
0T oUXVOTNTA EUPAVIONG KAPSIaYYEIAKAG VOOOU Yia Avdpeg mapatnEnONKE OTIC AOTIKEG TIEPIOXEG. ZTATIOTIKA
ONMAVTIKEG XWPIKEG OUOTASEC UPNAWV TIUWV EVTOTTIOTNKAV OTOUG TTIO ACTIKOTIOINUEVOUC SIILOUG TNG TTEPIOXAG
NG ATTIKIG, EVW CUCTASEG XAUNAWV TIHWV TTapatnPriBnKav 0Toug Mo AmopaKPUOUEVOUG aypoTIKOUG Srjoug, ot
oroiol SlaTpNoav XapNASGTEPA TOCOOTA EUPAVIONG KapSlayyeloKnG vOoou Katd thv mepiodo mapakoAouBnaong.
Tupnepdacpata: MNapatnpriBnke xwplikn etepoyévela TNG 20€TOUC EMIMTWONG KAPSIAYYEIOKAG VOCGOU TTOU

oxetiCetal pe To QUAO oTNV TEPLOXN TNG ATTIKAG.

AEZEIX KAEIAIA: lewywplkr) avdAuon, kapdlayyelakd voonuata, emmtwon, kivbuvog, Attikn, EAAdda
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