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Abstract: The objective of this study was to investigate spatiotemporal variability of cardiovascular disease (CVD) oc-
currence and identify spatial clusters on Attica region (Greece), over a 20-year period (2002-2022). The 10- and 20-
year occurrence of fatal and non-fatal cardiovascular disease was obtained from the ATTICA study, which was con-
ducted between 2002 and 2022. The sample used in this analysis included 1,935 (49,8% males) and 1,902 participants 
(49.5% males), respectively. CVD occurrence rate at the municipality level were mapped, and spatial autocorrelation 
analysis was performed to identify statistically significant clusters and outliers in the Attica region. The mapping of 
CVD occurrence rates revealed an observable increase in most municipalities during the observation period. In addi-
tion, a statistically significant clustering of high CVD occurrence rates was found in the most urbanized municipalities 
of the study area over the period under study.  These findings underscore the need for targeted interventions, focusing 
on urban populations, to effectively address this trend. 
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Highlights: 

● This study addresses the research gap on CVD trends in Attica, Greece, over 20 years. 
● CVD rates rose notably in the most urbanized municipalities of central Athens, while suburban areas maintained 
lower levels. 
● Positive spatial autocorrelation analysis was revealed for both the 10-year and 20-year CVD occurrence rates. 

 

1. Introduction 

Recent international reports show that cardiovascular disease (CVD) is the leading cause of morbidity and mortality worldwide. It is respon-
sible for about 30% of all deaths, with large spatial and local variations (Timmis et al., 2022). This figure underlines the urgent need for a deeper 
understanding of the causes of cardiovascular disease and the implementation of more effective preventive measures. Furthermore, the epide-
miology of cardiovascular disease is not fully explained, as a significant proportion of cases occur in the absence of identifiable risk factors (Roth 
et al., 2020). Many studies have reported that the prevalence of CVD varies across geographical regions and living environments (Ferrari et al., 
2015; Zhang et al., 2020). This variability highlights the impact of socio-environmental factors on CVD prevalence. Geographic disparities in CVD 
prevalence may be attributed to lifestyle habits, dietary pattern, and access to healthcare resources. The impact of living environments, including 
urban versus rural settings, such as air pollution and green areas coverage, further contributes to the heterogeneous distribution of CVD burden 
worldwide (Dehbi et al., 2016; Liu et al., 2022). 

Spatial analysis contributes to the investigation of the spatial variability of diseases, offering useful information for their distribution patterns 
(Doukissas et al., 2018; Ferreira & Ferreira, 2019; Smallman-Raynor et al., 2022a; Smallman-Raynor et al., 2022b; Wieland, 2020). Geographic 
Information Systems (GIS) and spatial statistical methods, facilitate the identification of spatial patterns of diseases across geographical areas 
(Gavalas, 2018; Mena et al., 2018; Wieland, 2022). These methods allow the identification of high-risk areas and the exploration of potential 
environmental or socioeconomic factors contributing to disease incidence (Weimann et al., 2016; Yeh et al., 2020). Several studies worldwide 
have explored the geographical distribution of various communicable and non-communicable diseases in order to identify spatial patterns (Faka 
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et al., 2023; Frings et al., 2018; Jaber et al., 2022; Yang et al., 2018; Zhang et al., 2019), as such findings are acknowledged for their utility in 
effective disease management, prevention, treatment, and improving health outcomes. 

Spatial analysis and spatial statistics methods have been employed to examine the burden of CVD. For instance, Rajabi et al. (2018), explored 
the spatial patterns of CVD in Sweden by implementing spatial autocorrelation analysis. Their aim was to identify spatial clusters of high and low 
CVD occurrence rates across the entire country. Similarly, Jordan et al. (2024) employed spatial autocorrelation indexes to detect hot and cold 
spots of CVD occurrence using data from a Swiss population-based cohort in the city of Lausanne. CVD spatial patterns have been investigated 
using similar spatial analysis methodologies worldwide, including studies in Turkey (Şener & Türk, 2021), Mexico (Baptista, 2024), China (Ren et 
al., 2019), and studies on a global scale (Baptista & Queiroz, 2022). These studies highlight the utility of spatial analysis in understanding the 
geographic distribution and clustering of CVD. 

CVDs continue to be the leading cause of mortality and morbidity in Greece, despite the advancements made over the past decades in 
primary prevention, but even more consistently in secondary prevention (Michas et al., 2019). Many epidemiologic researches have explored the 
prevalence of CVD and its associated risk factors in Greece. However, few studies have examined the spatial variability of CVD rates (Tsiampalis et 
al., 2023), and only one brief report has investigated the spatial patterns of CVD (Faka et al., 2023). 

To address this research gap, the aim of this study was to investigate the geographical distribution and spatiotemporal trends of CVD occur-
rence in the Attica region of Greece over a 20-year surveillance period from 2002 to 2022. By analyzing the spatial distribution of CVD burden over 
the years, regions with increased risk should be identified. 

2. Materials & Methods 

2.1. Data 

The data used in this study were from the ATTICA cohort study, a health and nutrition prospective study. Initiated in 2001–2002, the study 
employed an age-sex representative population-based sampling scheme covering 58 municipalities in Attica region of Greece, including the met-
ropolitan area of Athens (Pitsavos et al., 2003). The sampling was random and stratified according to the age-, sex-distribution of the referent 
population (census 2001), which represents the 35% of the total Greek population (and the 76% of the total urban population in Greece) (Fig. 1). 
Over a period of 20 years (2002-2022), the study conducted three follow-up examination surveys of the participants, in 2006, 2012, and 2022, 
respectively (Damigou et al., 2023; Panagiotakos et al., 2008; Panagiotakos et al., 2015). Specifically, a sample of 3,042 individuals without cardi-
ovascular disease or other chronic diseases (as ascertained by the physicians of the study), out of the 4,056 individuals that were initially invited 
to participate, agreed to participate at baseline examination (75% participation rate). Of them, 1,514 (49.8%) were male [mean age = 46 (SD = 13) 
years old] and 1,528 (50.2%) were female [mean age = 45 (SD = 14) years old]. This sample was monitored throughout the follow-up examinations 
in 2006, 2012, and 2022, with some participants lost to follow-up. In particular, over the course of the 10-year follow-up (2002-2012), 2,020 of 
the participants were found in 2012 (49.9% males, 50.1% females; 66% participation rate), and during the 20-year follow-up (2002-2022), 1,988 
of the participants were found (49.5% males, 50.5% females; 65% participation rate). Among the individuals lost to follow-up, the vast majority 
could not be contacted due to changes or errors in their contact details, while approximately 7% chose not to participate in the screening without 
providing specific reasons for their decision. The development of a first, fatal or non-fatal CVD event during the follow-up examinations was defined 
as the self-reported 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, according to the 10th WHO International Coding of Disease classification (ICD-10). Participants with 
complete data on geographic location and development of CVD events were used for this study. Therefore, a sample of 1,935 (49,8% males) and 
1,902 participants (49.5% males) - from the 10- and 20-year follow-ups, respectively - were included in the current analysis (Faka et al., 2023). 
Based on the ATTICA study sample for each municipality population, the municipality-level data were used for both the 10-year and 20-year 
periods in the spatial analysis. Further details about the ATTICA study can be found in (Damigou et al., 2023). 

 

 

Figure 1. Population and sample size per municipality. 
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2.1.1. Bioethics statement 

The study was carried out in accordance with the Declaration of Helsinki (1989) of the World Medical Association and was approved by the 
Institutional Ethics Committee of Athens Medical School (#017/1.5.2001) and the Ethics Committee of the Harokopio University (#38/29.03.2022). 
All participants were informed about the study aims and provided written consent to participate in the study.  

2.2. Mapping CVD occurrence rates 

GIS-based functions were implemented to map CVD occurrence rates across Attica municipalities. The epidemiological data were geocoded 
based on participants’ residential municipality, ensuring each observation was assigned to the corresponding municipality code. Subsequently, the 
data were aggregated by municipality, allowing for the calculation of CVD occurrence rates (%) for the entire population, for both time periods. 
This study did not incorporate adjustments for sociodemographic variability, such as gender proportion, age distribution, or economic status, 
across regions. Therefore, any observed regional differences in CVD event rates are based on the aggregate outcomes without accounting for 
these potential covariates. CVD occurrence rates for both 10- and 20-year data were divided into five comparable classes. Geocoding and mapping 
were performed using ArcGIS 10.8 software package (ESRI Inc., Redlands, California, USA). A detailed workflow summarizing the methodological 
framework, from data acquisition to spatial analysis, is illustrated in Figure 2. 

 

 

Figure 2. Methodology workflow. 

2.3. Spatial autocorrelation analysis 

Spatial autocorrelation is a statistical method describing how a variable is autocorrelated through space. It assesses whether nearby locations 
tend to have similar values for the variable being studied, or whether there is a pattern of spatial dependence. 

This analysis calculates measures of spatial autocorrelation, such as Moran's I index (global and local index) used in the current study, which 
quantifies the degree of spatial clustering or dispersion of the variable across the study area. Global Moran's I range from -1 to 1, where positive 
values indicate positive spatial autocorrelation (observations nearby have similar values), negative values indicate negative spatial autocorrelation 
(observations nearby have different values), and values near zero suggest spatial randomness (Moran, 1950). The global Moran’s I is given as: 

 

𝐼 =
𝑛 ∑ ∑ 𝑤𝑖𝑗  (𝑋𝑖 − 𝑋̅)𝑗𝑖 (𝑋𝑗 − 𝑋̅)

(∑ 𝑤𝑖𝑗)𝑖≠𝑗 ∑ (𝑋𝑖 − 𝑋̅)2
𝑖

 
(1) 

where n is the number of spatial units, Xi is the variable’s value for spatial unit i, Xj is the variable’s value for spatial unit j, X    is the mean of 
the variable’s values, and wij is the spatial weight between features i and j. Spatial weights quantify the strength of the relationship between each 
pair of neighboring units. In spatial autocorrelation analysis, neighboring spatial units can be defined by either distance or contiguity criteria. 

Global measures summarize the overall spatial autocorrelation of the study area in one single value, indicating the spatial autocorrelation 
existence. On the other hand, Local Indicators of Spatial Association (LISA), including local Moran’s I, calculate spatial autocorrelation at the local 
level for each individual spatial unit, identifying local clusters (similar values cluster together) or spatial outliers (dissimilar values cluster together) 
(Anselin, 1995). The local Moran’s I statistic of spatial association is given as: 

 

𝐼𝑖 =
𝑛(𝑋𝑖 − 𝑋)

∑ (𝑋𝑖 − 𝑋)
2

𝑖

∑ 𝑤𝑖𝑗(𝑋𝑖 − 𝑋)

𝑗

 (2) 
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Local Moran's I values are assessed for statistical significance computing z-scores under the null hypothesis of spatial randomness. Spatial 
units are classified into four categories based on their values and the values of their neighboring units; (a) spatial units with high values neighboring 
units with also high values, indicating clusters of high values (High-High), (b) spatial units with low values neighboring units with also low values, 
indicating clusters of low values (Low-Low), (c) spatial units with low values neighboring units with high values, indicating Low-High spatial outliers, 
and (d) spatial units with high values neighboring units with low values, indicating High-Low spatial outliers. 

While other local indicators of spatial autocorrelation primarily focus on identifying hot spots and cold spots—areas with significant cluster-
ing of high or low values—local Moran's I provides a broader view of spatial autocorrelation, identifying clusters and outliers, useful for under-
standing the spatial relationships between areas. 

In the current analysis, spatial clusters and outliers were identified using contiguity-based spatial weights, chosen to account for the uneven 
structure and distribution of spatial units within the study area. According to this method spatial units are considered as neighbors if polygons 
share common sides or vertices. Spatial autocorrelation analysis was performed for CVD occurrence rates for each time period, with the signifi-
cance level set at 0.05. The analysis resulted in a set of Moran scatter plots, providing a visual representation of spatial associations in the neigh-
borhood around each observation, and a set of thematic maps demonstrating the statistically significant clusters and outliers. Local Moran’s I was 
computed using software GeoDa version 1.16.0.12. 

3. Results 

The mean CVD occurrence rate across the entire study area increased notably from 1,157 per 10,000 inhabitants over the 10-year period 
to 2,598 per 10,000 inhabitants over the 20-year period (Fig. 2). This rise, however, was not uniformly distributed, with certain municipalities 
experiencing more pronounced increases than others. The mapping of CVD occurrence in the area under investigation revealed higher rates for 
most municipalities over the 20-year period compared to the 10-year period (Fig. 3a, 3b). Urban municipalities in the central Athens metropolitan 
area showed a notable increase in CVD occurrence over the two periods, while rates in the suburbs remained lower. 

 

 

Figure 3. Spatial variability of the fatal or non-fatal CVD occurrence rates across Attica municipalities: (a) 10-year CVD occurrence rates, 2012; (b) 
20-year CVD occurrence rates, 2022. 

The Moran scatter plots produced by spatial autocorrelation analysis, combined with Moran’s I statistic, illustrate the presence and strength 
of spatial clustering or dispersion of CVD occurrence rates over time (Fig. 4). The Moran scatter plot demonstrates the variable’s values (X-axis) 
against its spatially lagged values (Y-axis). Spatial lag represents the average value of the variable for a spatial entity’s neighboring entities. De-
pending on the distribution of the values in the quadrants of a Moran scatter plot the spatial clusters and outliers are defined. 
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Figure 4. Moran I scatter plots of the fatal or non-fatal CVD occurrence rates in Attica municipalities: (a) 10-year CVD occurrence rates, 2012; (b) 
20-year CVD occurrence rates, 2022. 

Positive spatial autocorrelation analysis was revealed for both the 10-year and 20-year CVD occurrence rates. The Moran’s I index was 0.170 
(z-score = 2.230, p-value = 0.02) after the 10-year time period (Fig. 4a), and increased slightly to 0.177 (z-score = 2.300, p-value = 0.02) after the 
20-year period (Fig. 4b), suggesting a slightly stronger spatially correlation over the longer time span. Both results underscore the presence of 
positive spatial autocorrelation, indicating that areas with similar CVD occurrence rates tend to cluster together spatially. 

Spatial clusters and outliers for both time periods are presented in Fig. 5. After the 10-year time period, statistically significant High-High 
clusters were revealed in the eastern suburban municipalities of the study area (Figu. 5a), whereas a Low-Low cluster was identified at the western 
boundaries of the study area, where municipalities had limited neighbours. Similarly, after the 20-year time period, Low-Low clusters were ob-
served at the boundaries of the study area, while a statistically significant High-High spatial cluster was located in the central municipalities of the 
study area (Fig. 5b). Municipalities with low rates neighboring municipalities with high rates (Low-High outliers) were identified in both time peri-
ods, primarily adjacent to High-High clusters. 

4. Discussion 

The aim of this study was to investigate the geographical distribution and spatio-temporal patterns of the occurrence of fatal and non-fatal 
CVD in the Attica region of Greece over the last two decades. This study makes an important contribution to the field by addressing a non-com-
municable disease, which is a critical area of public health research often overshadowed by the predominant focus on infectious diseases. While 
infectious diseases typically receive significant attention due to their potential for rapid transmission and immediate public health impact, non-
communicable diseases such as CVD present unique challenges. They contribute to a substantial burden of illness, disability, and mortality globally, 
affecting individuals over extended periods and often requiring complex, long-term management strategies. Spatial analysis of non-communicable 
diseases like CVD is especially crucial, as it allows for the identification of geographical patterns and high-risk areas, providing insights that are 
essential for targeted public health interventions. By focusing on the spatial distribution of CVD in our study, we highlight the importance of 
understanding the geographical dimensions of non-communicable diseases, which can ultimately help address the rising global impact of these 
leading causes of death and disability. 

The results revealed a considerable increase in 10-year cardiovascular disease occurrence rates in only a few municipalities. However, a 
notable increase was observed in most municipalities in the 20-year follow-up, especially in urban areas. This escalation in urban areas also showed 
statistically significant spatial clusters of high rates. The origins of CVD epidemiology in Greece can be traced back to the Seven Countries Study 
(Keys et al., 1966). Initiated in the late 1950s, the research included 7 studies and 16 cohorts investigated by 10 and 25 years follow-up examina-
tions. The study concluded that the Greek cohort, enrolled around 1,300 men aged 40-59 years, exhibited the lowest CVD occurrence rates of all 
cohorts for both follow-up examinations. On the other hand, the Athens Study, conducted in Athens city about 30 years later and assessing the 
CVD risk factors in a sample of 4,097 individuals (Moulopoulos et al., 1987), resulted in same or greater prevalence rates of CVD risk factors 
compared to those in countries with advanced economies. 

The ATTICA study was initiated in the early 2000s to assess the prevalence of CVD risk factors and associated cardio-metabolic disorders 
such as hypertension, obesity, dyslipidemia and diabetes, as well as the long-term occurrence of CVD. The 5-year follow-up of the study showed 
that 8.5% of participants experienced a CVD event during this period. After 10 years, this rate increased to 15.7% and rose to 36.1% within 20 
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years (Damigou et al., 2023; Panagiotakos et al., 2008; Panagiotakos et al., 2015). The spatial analysis highlighted the heterogeneity of CVD occur-
rence rates among the municipalities of Attica region. A notable finding was the marked increased rates after the 20-year period, particularly in 
urban municipalities within the metropolitan area of Athens. This finding is in line with those of other studies (Deng et al., 2024; Huang et al., 
2024), aligning with broader global patterns of urbanization and lifestyle changes, where urban populations tend to experience higher rates of 
CVD due to factors such as sedentary lifestyle, unhealthy diet, and pollution (Cerin et al., 2024; Gouveia et al., 2024; Henning, 2024). 

 

Figure 5. Statistically significant (p=<0.05) spatial clusters and outliers of the fatal or non-fatal CVD occurrence rates in Attica municipalities: (a) 
10-year CVD occurrence rates, 2012; (b) 20-year CVD occurrence rates, 2022. 

In this study, we utilized Moran's I to examine spatial autocorrelation and identify both clusters and outliers. A key finding from the current 
analysis was the identification of low-high outliers, which represent regions with lower CVD occurrence rates surrounded by areas with higher 
rates. During the 10-year period, two low-high outliers were identified. However, these specific low-high outliers disappeared in the 20-year 
analysis, suggesting that the spatial disparity in CVD rates in these regions may have diminished over time. This change could be attributed to a 
relative increase in CVD rates in the previously identified low-high regions, bringing them closer to the levels observed in their higher-rate neigh-
bors and thus reducing their outlier status. Such a shift might reflect potential spillover effects, where neighboring high-risk areas influence or 
reflect evolving health trends in adjacent regions. The 20-year analysis revealed a new low-high outlier in a different region. While these munici-
palities may not currently exhibit the highest CVD rates, their proximity to areas with significantly elevated rates warrants closer monitoring. Early 
interventions in such areas could help address emerging trends before they escalate into broader public health challenges. This temporal shift in 
outlier locations underscores the dynamic nature of spatial patterns in CVD occurrence over time. It also highlights the importance of continuous 
spatial monitoring to identify evolving trends and prioritize areas for targeted public health actions. 

The spatial autocorrelation also revealed significant clusters of high and low values for both time periods. The clusters of low values were 
found in the bordering municipalities of the Attica region. These clusters are likely influenced by the characteristics of their neighboring munici-
palities, which also exhibited relatively low CVD rates. Moreover, these bordering municipalities are predominantly suburban, though they encom-
pass extensive rural regions as well, a factor that likely contributes to the observed clustering. Suburban and rural areas often characterized by 
lower population density, differing lifestyle factors, and potentially reduced stress levels compared to urban areas. These factors may collectively 
contribute to lower CVD occurrence rates (Hartig et l., 2014). The analysis also revealed a rise in low-low clusters over time, particularly in the 
suburban areas. Specifically, while only one low-low cluster was observed during the 10-year period, this increased to three clusters in the 20-year 
analysis. This rise suggests that the suburban and rural nature of these municipalities may have fostered greater cohesion over time, with an 
increasing number of municipalities forming spatial clusters characterized by uniformly low CVD rates. This trend could reflect the strengthening 
of shared protective factors or the broader dissemination of health-promoting behaviors and resources within these regions. 

The geographic context of these municipalities, with fewer neighbors, may also play a role in the observed clustering patterns. Regions with 
fewer neighbors tend to show more distinct spatial effects in autocorrelation analysis, as their spatial relationships are determined by a smaller 
pool of surrounding values. This highlights the importance of considering the geographic and demographic context when interpreting spatial 
clusters, particularly in areas where administrative boundaries limit the number of neighboring municipalities.  
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In contrast, significant clusters of high values were identified in the suburban central-eastern municipalities after the 10-year period, and 
in the metropolitan urban area of the Attica region after the 20-year period. Despite the persistence of high CVD occurrence rates in the central-
eastern study area after the 20-year period, the high-value cluster bounded in the most urbanized area of the Attica region, which experienced a 
considerable rise in CVD occurrence rates between the two time periods. Such spatial clustering implies the presence of underlying factors, 
whether environmental, socioeconomic, or behavioral, that contribute to the observed distribution of CVD occurrence across the region. 

One potential contributing factor to this spatial clustering could be the limited availability of sports facilities. Inadequate access to sports 
facilities such as public gyms, swimming pools, and sports fields may prevent individuals from engaging in regular physical activity, contributing to 
the higher occurrence of CVD in urban areas (Deng et al., 2024). Beyond sports facilities, the availability and accessibility of green spaces in urban 
areas, including parks and recreational areas, play an important role in urban populations physical activity (Seo et al., 2019). Urbanization often 
leads to the reduction of green spaces, which are crucial for promoting physical activity, reducing stress, and improving overall cardiovascular 
health. The association between green neighborhoods and CVD outcomes has been demonstrated in many studies worldwide (Bianconi et al., 
2023; Hartig et al., 2014; Li & Siegrist, 2012; Seo et al., 2019), as living in greener neighborhoods and near parks tends to encourage physical 
activity, which in turn has a positive effect on cardiovascular health. With fewer opportunities for outdoor activities and exercise, city dwellers 
may be more prone to sedentary lifestyle, a known risk factor for CVD. However, it is not just the extent of green urban areas that matters; their 
functionality is crucial for promoting public exercise. Previous studies have reported that many of the green urban areas in these municipalities 
lack functionality and are not conducive to public recreation (Faka et al., 2019). 

Furthermore, the age distribution across areas could significantly influence these patterns. Greece, like many other countries, experiences 
regional variations in age demographics, with some areas having a disproportionately higher elderly population. Older age is a well-known risk 
factor for CVD, as aging is associated with the accumulation of cardiovascular risk factors and comorbidities. These age-related disparities could 
partly explain the uneven distribution of CVD occurrence. 

Athens metropolitan area also deals with significant spatial disparities, including socioeconomic inequalities and environmental degradation 
(Faka et al., 2021). The socioeconomic status of the residential area, often measured by factors such as educational and income levels, can have a 
substantial impact the prevalence and management of CVD. Areas characterized by lower socioeconomic status tend to have higher rates of CVD 
compared to more affluent areas (Wang et al., 2024). Communities with lower educational and income levels may lack access to information about 
healthy lifestyle choices and preventive measures, or may face barriers to accessing quality healthcare services, including preventive medications, 
and follow-up care for managing CVD risk factors (Backholer et al., 2017). This can result in poorer health outcomes related to CVD. 

Addressing socioeconomic inequalities and environmental factors is essential for promoting cardiovascular health and reduce the dispari-
ties in CVD occurrence rates. Policies and interventions that aim to enhance education, healthcare resources, and economic opportunities can 
help mitigate the impact of socioeconomic factors on CVD risk. Additionally, implementing urban planning strategies that prioritize green space 
preservation and expansion, can create healthier environments and promote public physical activity. 

Future research could focus on investigating the impact of neighborhood-level socioeconomic, demographic and environmental factors on 
CVD occurrence rates. Factors such as education level, income, availability of green spaces, accessibility to parks, access to sports facilities and 
other recreational areas that promote physical activity may be related to the occurrence of cardiovascular disease. Employing spatial regression 
models, such as Geographically Weighted Regression (GWR), could provide valuable insights into empirically analyzing the distribution patterns of 
CVD occurrence. 

This study is the first investigating the spatiotemporal clustering of the CVD occurrence rates in Attica region, Greece, over a 20-year period. 
Mapping the dynamic distribution of CVD occurrence and measuring their correlation between neighboring spatial units enabled the identification 
of spatial patterns and hot spots of CVD occurrence. The longitudinal nature of the research provides valuable insights into temporal changes in 
disease prevalence, facilitating the identification of shifts in CVD burden over time. Furthermore, the study's findings offer significant public health 
implications, providing evidence-based insights for targeted interventions aimed at reducing CVD prevalence and improving population health 
outcomes in the Attica region. 
Limitations 

Although this study improves our understanding of the dynamics of cardiovascular disease occurrence in Attica region, in Greece, some 
limitations should be noted. The aggregation of data on cardiovascular disease outcomes at the municipal level was based on the assumption of 
uniform distribution. Nevertheless, it should be noted that the sample of the ATTICA study is representative of the population living in the study 
area, but not of other regions of Greece, especially the rural or insular areas. Furthermore, the reduced sample sizes in municipalities with smaller 
populations could impact the estimates in these areas. Smaller samples may result in wider confidence intervals, potentially reducing the accuracy 
of the findings. However, this approach ensures that each municipality is represented in proportion to its population, helping to mitigate biases 
related to the over- or under-representation of less populated areas. Nonetheless, the findings for these municipalities should be interpreted with 
caution, as they may be less robust due to the smaller sample size. In addition, the modifiable areal unit problem underscores that the outcomes 
of the spatial analysis may vary depending on the degree of spatial aggregation of the data, as CVD occurrence rates may differ across neighbor-
hoods within municipalities. This exploratory analysis was based on Moren's I index; future analyses can be based on advanced modelling tech-
niques such as Poisson conditional autoregressive models or Poisson convolution autoregressive models. Finally, the present analysis did not 
incorporate factors such as family medical history, differences in population aging between municipalities, and other socio-demographic variables, 
which could influence the occurrence of CVD. Their exclusion may potentially lead to an overestimation of the study's findings. Future research 
could stratify the sample of the analysis by such variables to provide a more detailed understanding of the factors contributing to cardiovascular 
disease in our sample population. 

6. Conclusions 

This study highlights the geographical heterogeneity of CVD occurrence in the region of Attica, Greece. This spatial variability could be 
indicative of variations in the municipalities’ environmental attributes, as higher rates were found in the most urbanized municipalities of the 
Attica region. The results of this study contribute to our understanding of the spatial and temporal dynamics of CVD occurrence in urban popula-
tions. They provide policy makers and healthcare stakeholders with important insights to develop targeted interventions and allocate resources 
effectively to reduce the CVD burden. Furthermore, the findings of this research could serve as a basis for investigating further factors contributing 
to CVD in this region, such as socioeconomic status, environmental factors, healthcare accessibility etc. 
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