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Abstract: Cardiovascular diseases represent one of the most
dominant categories of non-communicable diseases, with a
high prevalence both in Serbia and globally. Understanding
their spatial distribution provides valuable insights for public
health planning and disease prevention. This study applies
geospatial analysis to examine the patterns of CVD among
patients treated at the Institute for Cardiovascular Diseases of
Vojvodina in Serbia, over the period 1995-2023. Beyond
identifying spatial clusters, the analysis reveals long-term
intensification of CVD burden in the South Backa urban-
suburban zone, indicating a sustained spatial polarization of
cardiovascular morbidity over nearly three decades. Mann-
Kendall trends per settlement were calculated. The spatial
dimension of the research was addressed using the Emerging
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Hot Spot Analysis to detect statistically significant clusters of
high and low values. To further refine the spatial represen-
tation of CVD clusters, the Kriging interpolation method was
applied. The findings underscore the significance of geo-
spatial methods in pinpointing high-risk areas in cardiovas-
cular diseases, providing an evidence-based foundation for
targeted healthcare interventions and resource allocation.
Moreover, this study demonstrates the potential of inte-
grating spatial geostatistics with health data to support the
development of preventive strategies and to guide future
epidemiological research on non-communicable diseases in
Serbia and beyond.

Keywords: cardiovascular diseases; Institute for Cardiovas-
cular Diseases of Vojvodina; emerging hot spot analysis;
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1 Introduction

Cardiovascular diseases (CVD) represent a critical public
health issue, accounting for a substantial share of the global
burden of disease in both high- and low-income countries [1,
2]. CVD in 2022 were responsible for approximately 19.8
million deaths, accounting for about 32% of all deaths
globally [3]. The majority of these fatalities-around 85 %-
resulted from heart attacks and strokes [3]. Furthermore,
among the 18 million premature deaths (before the age of 70)
attributed to non-communicable diseases in 2021, at least
38 % were linked to cardiovascular conditions [3]. The global
distribution of mortality from CVD shows pronounced
regional differences [4]. The highest mortality rates in 2022
were observed in Eastern Europe, Central Asia, and certain
parts of Africa and the Middle East, while the lowest rates
were reported in Western Europe, North America, and
Australia [4]. From the perspective of health geography, CVD
are widely recognised as one of the leading causes of death in
Europe [2, 5]. Multiple factors, including smoking, unhealthy
dietary patterns, insufficient physical activity, psychological
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stress, and environmental pollution, substantially
contribute to the development of non-communicable dis-
eases [2, 6].

Analysis of CVD trends has been investigated in
numerous studies [2, 7-15]. The non-parametric Mann-
Kendall (MK) trend test and Sen’s slope estimator are highly
effective for analysing temporal trends in geospatial medical
geography [2, 6, 16-18].

Numerous studies have applied GIS-based spatial anal-
ysis to examine cardiovascular disease patterns [2, 6, 19-25].
Kriging has been widely used in public health and envi-
ronmental studies, particularly for mapping disease distri-
bution, assessing exposure levels, and detecting spatial
inequalities [2, 26-39].

GIS and spatial statistical methods have been widely
employed to explore the spatial distribution and clustering
of CVD, as well as to uncover patterns of health inequalities
across different populations. These approaches have proven
effective in identifying spatial clusters of high-risk areas,
revealing temporal dynamics, and providing valuable evi-
dence for targeted interventions in public health practice.

Non-communicable diseases — including CVD, malig-
nant tumours, diabetes, chronic obstructive pulmonary
disease, injuries, and others-have been the predominant
contributors to the national disease burden in the popula-
tion of the Republic of Serbia for decades [40]. They repre-
sent the leading causes of morbidity, disability, and
premature mortality (before the age of 65) in the country
[40]. In 2019, Serbia ranked 18th among 54 countries for CVD
incidence, with a rate of 920 per 100,000 population [2, 6, 41].
Almost every second resident of Serbia dies from heart and
blood vessel diseases [40]. In 2023, the leading causes of
death among the population of Vojvodina were diseases of
the circulatory system (51.0 %), neoplasms (21.8 %), and dis-
eases of the respiratory system (6.8 %) [42].

Despite increasing use of GIS in cardiovascular epide-
miology, long-term spatio-temporal trend analyses at the
settlement level remain scarce in Southeast Europe, particu-
larly for periods exceeding two decades. A relatively small
number of studies in the territory of the Republic of Serbia
used a geographical-medical approach in the study of CVD [2,
6, 25, 43-47]. Maksimovi¢ et al. examined how variations in
magnesium and calcium content in drinking water relate to
CVD across 65 municipalities in Serbia [43]. Sasi¢ et al. ana-
lysed data from the 2019 National Health Survey of the Pop-
ulation of Serbia, which included a sample of 13,178
respondents aged 15 and older [48]. The analysis utilised data
on socio-demographic characteristics, metabolic and behav-
ioural risk factors, as well as self-reported health status and
factors influencing health in relation to CVD [48]. Vulin et al.
performed a retrospective study using data from the
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outpatient clinic of the Institute of Cardiovascular Diseases of
Vojvodina in Sremska Kamenica (ICDV) collected in 2020 [49].
The research revealed an association between short-term
fluctuations in blood pressure and left ventricular diastolic
dysfunction among patients diagnosed with arterial hyper-
tension [49]. Krickovi¢ et al. conducted a geographical medical
analysis of non-communicable diseases — CVD (2010-2020)
and diabetes (2010-2019) — in the AP Vojvodina (northern
Serbia), aiming to identify the most and least burdened
counties and to present trends in these diseases [6]. Kritkovi¢
et al. employed artificial intelligence (ChatGPT) to create an
interactive map showing the total number of patients exam-
ined at the ICDV, by settlement across the territory of the
Republic of Serbia [25]. Also, Krickovi¢ et al. conducted a
spatio-temporal analysis of hypertension among patients
treated at the ICDV between 2000 and 2023 [2]. Petrovi¢ and
Cankovi¢ focused on assessing obesity rates and the role of
socio-demographic characteristics among adolescents in Voj-
vodina [47]. In addition, Jevti¢ et al. addressed the impact of
air pollution on the occurrence of CVD within the same region
[44]. These studies represent important initial steps in
applying medical geography to better understand the distri-
bution of CVD in Serbia, yet further research is needed to
systematically assess spatio-temporal patterns, identify envi-
ronmental and sociodemographic determinants, and provide
actionable insights for public health policy.

This study applies geospatial analysis to examine the
trends and patterns of CVD among patients treated at the
ICDV in the Republic of Serbia, over the period 1995-2023.
This research aims to identify CVD patterns across settle-
ments in the Republic of Serbia, thereby providing insights
into spatial disparities in disease burden and offering a
methodological framework that can support future epide-
miological analyses and public health planning. Under-
standing the spatial dimension of CVD occurrence is
essential, as it enables the identification of geographic dis-
parities, detection of high-burden areas, and provision of
evidence to guide more efficient allocation of healthcare
resources and targeted prevention strategies.

2 Methods
2.1 Demographic characteristics

According to the 2022 Census, the total population of the Re-
public of Serbia was 6,647,003, including 3,231,978 men and
3,415,025 women [50]. Women outnumbered men by approx-
imately 183,000, accounting for 51.4 % of the total population.
Between 2011 and 2022, the population of the Republic of
Serbia decreased by 586,587 individuals (8.1%) [50]. This
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decline was primarily driven by negative natural increase,
which accounted for about 80% of the total population
decline. Additionally, negative net migration contributed to
this trend, with an average annual outflow of approximately
11,000 people leaving the country more than entering [50].

In the Vojvodina region, the total population recorded in
the 2022 Census was 1,740,230, comprising 845,739 men and
894,491 women, indicating an excess of 48,752 women
compared to men [50].

Age structure by regions reveals notable spatial varia-
tions in the demographic composition of the Republic of
Serbia during the period 2011-2022 [50]. Notably, the Bel-
grade region was the only one to record an increase in the
share of children aged 0-14, rising from 14.0 % to 15.1 %,
while other regions experienced stagnation or a slight
decline in this indicator [50]. In the Vojvodina region, ac-
cording to the 2022 Census, 254,971 individuals (14.7 %) were
aged 0-14, 1,108,342 (63.7 %) were aged 15-64, and 376,917
(21.7 %) were aged 65 and over [50].

In 2022, incidence rates of myocardial infarction, un-
stable angina pectoris, and acute coronary syndrome in the
Republic of Serbia were highest in the oldest age group (75+
years) for both men and women, with consistently higher
values observed in men [51]. The same pattern was identified
in the Vojvodina region, although for unstable angina pec-
toris the peak incidence occurred slightly earlier (70-74
years) in men [51]. A similar age-related trend was observed
for mortality, with the highest rates for all three conditions
recorded in the 75+ age group in both the Republic of Serbia
and Vojvodina. Overall, men exhibited higher mortality
rates than women [51].

2.2 Data set

For this study, a reference database from the ICDV and open
data available from the Republic Geodetic Authority (RGA)
were used [52, 53]. Spatial data downloaded from the RGA
portal and stored in the geospatial database in ArcGIS Pro
were in the UTM WGS84 coordinate system. These data were
cleaned, processed and prepared for use in a geospatial
database in ArcGIS Pro 3.2. The process of this study is pre-
sented in the Figure 1. After the pre-processing data, a Mann-
Kendall analysis using Python was conducted. Afterwards, a
space-time cube was implemented, and the Emerging Hot
Spot (EHS) analysis conducted. In order to conduct the
Kriging method, the settlement polygons were converted
into points, and raster and contour maps were created.
ICDV database was organised according to the Interna-
tional Classification of Diseases (ICD), as defined by the 10th
Revision of the International Statistical Classification of
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Diseases and Related Health Problems, published by the
WHO [2, 54]. Although the WHO released the 11th Revision of
the ICD at the 72nd World Health Assembly in 2019, which
came into effect on January 1, 2022 [the 10th Revision re-
mains in use in the Republic of Serbia [2, 55]. CVD comprise a
large and heterogeneous group of diseases including, ac-
cording to the ICD-10 (codes 100 — I199) the following health
disorders: acute rheumatic fever, chronic rheumatic dis-
eases of the heart, hypertension induced diseases, ischemic
heart diseases (coronary heart disease), lung-based heart
diseases and diseases of the lung vessels, diseases of cerebral
blood vessels, arterial diseases, diseases of arteriolae and
capillaries, veins, lymphatic vessels and lymph nodes, and
other unspecified diseases of the heart and circulation [56].
From 1995 to 2005, the data are quite limited, as these were
the early years of the information system at the ICDV, and
data entry was optional during that period [2, 52]. Starting in
2005, data entry became mandatory [2]. In Figure 2, the
spatial distribution of patient counts across settlements is
presented. The highest numbers of patients are depicted in
pink shades, while the lowest numbers are shown in blue.
The majority of patients originate from the metropolitan
area of Novi Sad, where the ICDV is located. However, pa-
tients from other parts of the Republic are also represented.
Although patients from settlements in the Autonomous
Province of Kosovo and Metohija (AP KiM) were recorded in
the ICDV database, they were excluded from this study due
to the unavailability of settlement-level data from the open-
access sources of the Republic Geodetic Authority of the
Republic of Serbia. There were total 497 patients recorded
from this Serbian province [52].

2.3 Emerging Hot Spot (EHS) analysis

This analysis was applied to identify spatial and temporal
patterns of CVD cases among patients treated at the ICDV in
the Republic of Serbia. This method, based on the Getis-Ord
G; statistic, detects statistically significant clusters of high
(hot spots) and low (cold spots) values across space and time.
By analysing sequential time periods, EHS classifies each
location according to the stability and persistence of clus-
tering, such as new, consecutive, intensifying, persistent,
diminishing, sporadic, oscillating or historical hot or cold
spots. This approach enables the identification of areas
where disease intensity is increasing or decreasing over
time, providing valuable insight into the spatial-temporal
dynamics of cardiovascular morbidity.

The last time step is hot when the most recent time-step
interval exhibits statistically significant clustering of high
values. Within this category, several subtypes can be
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Figure 1: Schematic process of the research.

distinguished. The New Hot Spot indicates that the most
recent time-step interval is hot for the first time. The
Consecutive Hot Spot represents a single uninterrupted
sequence of hot time-step intervals comprising less than
90 % of all intervals. The Intensifying Hot Spot occurs when
at least 90 % of the time-step intervals are hot and the in-
tensity of clustering increases over time. A Persistent Hot
Spot is characterised by at least 90 % of the time-step in-
tervals being hot, but with no significant upward or down-
ward trend. The Diminishing Hot Spot also occurs in at least
90 % of time-step intervals, but the clustering intensity de-
creases over time. A Sporadic Hot Spot appears when only
some of the time-step intervals are hot, while an Oscillating
Hot Spot alternates between hot and cold intervals. If the last
time-step interval is not hot, it is categorised as a Historical
Hot Spot, indicating that at least 90 % of the intervals were
hot, but the most recent one is not.

Conversely, the last time step is cold when the most
recent time-step interval shows significant clustering of low
values. Similar subtypes are recognised here as well. A New
Cold Spot appears when the most recent time-step interval is

cold for the first time. The Consecutive Cold Spot refers to a
continuous sequence of cold time-step intervals making up
less than 90 % of all intervals. The Intensifying Cold Spot type
is characterized by at least 90 % of the time-step intervals
being cold, with the clustering becoming colder over time. A
Persistent Cold Spot maintains at least 90 % cold intervals
with no trend up or down, while the Diminishing Cold Spot
also spans at least 90 % of intervals but shows a weakening
cold trend over time. The Sporadic Cold Spot occurs when
only some time-step intervals are cold, and the Oscillating
Cold Spot alternates between cold and hot intervals. Finally,
if the last time-step interval is not cold, the pattern is iden-
tified as a Historical Cold Spot, indicating that at least 90 % of
intervals were cold, but the most recent one is not. This
analysis is based on the Gi* statistic, which is calculated
using the formula [2, 6, 16, 18, 57]:

CXhwyx - X B wi
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where G;”is the spatial autocorrelation statistics of an event i
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Figure 2: Spatial distribution of patient counts
by settlement for the ICDV, Republic of Serbia.

over the n events, the term x; defines the magnitude of the
variable x at the events j over all n, and the term w;; defines
the weight value between the events i and j that represents
their spatial interrelationship [2, 6, 16, 18, 57-59] and
2}1:1 Xj

X= )]

(©)

The G;* statistic quantifies the spatial association be-
tween a feature and its neighbouring values [2, 6, 16, 18, 57—
59]. The local sum of a feature and its neighbours is
compared to the sum of all features [2, 6, 16, 18, 57-59]. If the

local sum differs significantly from the expected sum, with
the difference being too large to attribute to random varia-
tion, a statistically significant z-score is obtained [2, 6, 16, 18,
57-59].

For the Emerging Hot Spot (EHS) analysis in ArcGIS Pro,
specific parameters were applied to ensure consistent
spatial and temporal evaluation. The Neighbourhood Time
Step was set to 1, meaning that each time-step interval was
compared only to its immediate temporal neighbours.
Spatial relationships were conceptualised using the
K-Nearest Neighbours (K_NEAREST _NEIGHBORS) approach,
with the number of spatial neighbours set to 8, ensuring that
each location was evaluated in relation to its eight closest
neighbours. The Global Window was defined as the
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ENTIRE_CUBE, indicating that the statistical analysis
considered all locations and time steps across the full space-
time cube, rather than applying a localised window. These
settings allowed for the detection of significant clusters and
emerging patterns throughout the study area over the entire
29-year period.

2.4 Mann-Kendal (MK) analysis

To quantify temporal trends in cardiovascular disease
burden, the non-parametric Mann-Kendall test was applied
to annual patient counts at the settlement and cluster levels.
The MK test [60—63] is designed to evaluate statistically
whether a variable exhibits a consistent upward or down-
ward trend over time [2]. According to the MK test, two
hypotheses were tested: the null hypothesis, HO, that there is
no trend in the time series; and the alternative hypothesis,
Ha, that there is a significant trend in the series, for a given
significance level limit [2, 6, 16-18, 64].

This model evaluates trends by analysing the sequence
of data points in the series [2, 6, 16-18, 60—62, 64]:

i

@

M=

-1
S= sign (x; — x;)
2 j=1

Ik

where sign(x;—x;) is

sign (x) = {

The statistic S tends to normality for large n; with mean
and variance defined as follows [2, 6, 16-18, 64]

E(S)=0

1, forx;—x;>0
0, fOT‘Xi—XjZO
-1, forx; - x;<0

©)

6)
V(S) = 1/18[n(n ~1)(2n +5) —Pétp(tp ~)@2t+5)| O

where n is the length of the times-series, ¢p is the number of
ties for the p value and q is the number of tied values
(i.e. equals values). The second term represents an adjust-
ment for tied or censored data. The standardised test statistic
Z is given by [2, 6, 16-18, 60-62, 64]:

S-1

war 0

Z=40 ifS=0, ®)
S+1 .
Warg TS50

The Z value is used to assess whether a trend in the data
is statistically significant [2, 17, 18]. For this analysis, the
pymannkendall Python module was used, among other tools,
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to read data from the ArcGIS Pro geodatabase, export pa-
rameters to an Excel file, and generate graphs with the data
and corresponding trend lines. The MK analysis was per-
formed using Python within the PyCharm 2023 Community
Edition environment [2, 17, 18]. Only settlements with a sta-
tistically identified trend were included in the analysis.
Given that Python is widely used for automating geospatial
processes, developing geoprocessing tools, managing data,
and integrating with other software systems, its application
in medical geographical research is of considerable impor-
tance. In addition to the pymannkendall library, the arcpy,
NumPy, collections, and xlutils libraries were used in this
analysis.

The MK trend test is highly effective for analysing tem-
poral trends in geospatial medical geography [17]. MK de-
tects monotonic trends without assuming data normality,
making it robust to non-normal distributions, missing
values, irregular time intervals, and outliers — common
features of epidemiological datasets [17]. Its rank-based
approach captures subtle, long-term increases or decreases
in CVDS, even when short-term fluctuations occur due to
changes in reporting or population shifts [17]. For a
comprehensive geospatial analysis of CVDS patterns, the MK
test is most effective when used in conjunction with spatial
statistical techniques and models that can accommodate
non-linearities and spatial dependencies [17].

2.5 Kriging procedure

The kriging method, named after Daniel G. Krige, a mining
engineer who in the 1950s developed statistical approaches
for estimating ore deposits [65, 66]. The French scientist
Georges Matheron, inspired by Krige’s work, extended the
Wiener-Kolmogorov theory of stochastic processes to
spatial phenomena and, in Krige’s honour, named the
method kriging [66-68]. Kriging represents a commonly
applied method for interpolating spatial data [2, 69]. It uti-
lises input data composed of measurements or observations
that describe a spatially continuous phenomenon, obtained
from sampling locations distributed throughout the study
area [2, 69]. The Kriging method was applied to generate a
continuous spatial surface illustrating the estimated distri-
bution of CVD cases across the study area. The resulting
raster was converted into contour lines to improve visual
interpretation and to emphasise spatial gradients in disease
intensity.

The accuracy of the model is limited if the data aren’t
spatially correlated, if they are limited in spread, or if the
number of data points is small [70]. The weights for each
interpolated point are computed based on the spatial
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structure of the interpolated location in relation to all
sampled points [2, 71]. These weights are derived from the
variogram, which reflects the spatial characteristics of the
data, and are applied to the sampled points using the
following formula [2, 71]:

- N

Z(Xo) = glﬂiZ(Xi) 9
where the value of the predicted point (z-hat, at location
x-nought) is equal to the sum of the value of each sampled
point (%, at location i) times that point’s unique weight
(lambda, for location i) [2, 71].

Low values in the optional output variance of the pre-
diction raster indicate a high level of confidence in the
predicted values, whereas high values may suggest the need
for additional data points [2, 72]. In this study the ordinary
Kriging method was used, with a spherical model applied for
the semi-variogram model [2].

3 Results
3.1 Results of the EHS analysis

As previously mentioned, to perform the EHS analysis, a
space-time cube was created. All bins within the space-time
cube had a defined date field for time, the time step interval
was set to one year, the time step alignment was set to the
end time, and a fishnet grid was used as the aggregation
shape type. The coordinate system applied was WGS 1984
UTM Zone 34N. The analysed time period spanned 29 years,
from 1995, when the first patient was recorded in the data-
base, to 2023.

The space-time cube aggregated 1,386,348 points into 936
fishnet grid locations over 29 time-step intervals. Each grid
cell measured 11,925 m by 11,925 m. The entire cube covered
an area of 310,050 m from west to east and 429,300 m from
north to south. Each time-step interval represented one year,
so the total time span of the cube was 29 years. Of the 936
total locations, 395 (42.20 %) contained at least one point
during at least one time-step interval. These 395 locations
comprised 11,455 space-time bins, of which 7,448 (65.02 %)
had point counts greater than zero. A statistically significant
increase in point counts was observed over time. Table 1 in
Appendix 1 presents the main characteristics of the space-
time cube.

Each cluster in this analysis covered 142.21 km® area. The
results revealed 3 clusters categorised as Consecutive Hot
Spots, 9 clusters categorised as Intensifying Hot Spot and 3
clusters categorised as Sporadic Hot Spots, including 16, 35,
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and 9 settlements in those clusters, respectively (Table 2 in
Appendix 1). The remaining clusters showed no patterns.

In the Consecutive Hot Spots category, the first cluster
was identified in the settlements of Backi Petrovac, Kulpin,
and Magli¢ (Z = 5.95, p = 2.74 x 10™). The second cluster was
detected in BanoStor, Begec, Celarevo, Cerevi¢, and GloZan
(Z = 615, p = 757 x 107, while the third encompassed
Grabovo, Grgurevci, LeZimir, Lug, Mandelos, Svilos, Sisato-
vac, and Suljam (Z = 6.21, p = 5.34 x 10719,

In the Intensifying Hot Spot category, the first cluster
included Cenej, Kisa¢, Rumenka, and Stepanovicevo (Z = 5.31,
p = 111 x 1078, the second covered Backi Jarak and Ka¢
(Z =527, p =136 x 107", the third covered Gospodinci,
Durdevo, and Zabalj (Z = 5.12, p = 3.04 x 1077), the fourth
covered BeoCin, Futog, Ledinci, Rakovac, and Veternik
(Z = 538, p = 7.30 x 107®), the fifth covered Novi Sad and
Petrovaradin (Z = 5.27, p = 1.36 x 1077), the sixth cluster was
observed in Budisava, Kovilj, and Sajkad (Z = 5.16,
p = 249 x 1077, whereas the seventh was concentrated in
BeSenovacki Prnjavor, Jazak, Mala Remeta, Stari Ledinci,
and Vrdnik (Z = 5.27, p = 1.36 x 1077). The eighth cluster
comprised Bukovac, Grgetek, Irig, KruSedol Selo, Neradin,
Sremska Kamenica, Sremski Karlovci, and Velika Remeta
(Z=512,p=3.04 x 1077). The ninth cluster included Beska,
Cortanovci, and Maradik (Z = 5.05, p = 4.51 x 107).

In the Sporadic Hot Spot, the first cluster included Backo
Dobro Polje, Sirig, and Zmajevo (Z = 4.90, p =9.79 x 1077), the
second cluster occurred in Nadalj, Temerin, and Turija
(Z=478,p=172x 107%), and the third was recorded in Indija,
Jarkovci, and Ljukovo (Z = 4.37, p = 1.24 x 107°). Figure 3
represents the number of patients in the ICDV, according to
EHS analysis.

The results indicate that consecutive hot spot clusters
are spatially concentrated on the west of Novi Sad. Apart
from this, intensifying hot spot clusters are around the ur-
ban and suburban areas of Novi Sad. In contrast, sporadic
clusters are more dispersed across rural settlements,
reflecting localised variations in disease intensity.

3.2 Results of the MK analysis - settlement
level

From the set of outputs provided by the Python module used
in this analysis, the following parameters were extracted:
trend type, p-value, z-value, slope, and intercept. Table 3 in
Appendix 1 presents the parameters for each settlement
used in this analysis. Overall, trends were detected in 333
settlements, of which 287 exhibited an increasing trend and
46 a decreasing trend. Figure 4 clearly shows that settle-
ments with an increasing trend are predominantly
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Figure 3: Number of patients in the ICDV - EHS
analysis.

concentrated in the northern part of the study area, which is
consistent with the results of two other analyses. Further-
more, the majority of settlements with an identified
decreasing trend are located outside the AP Vojvodina, as the
ICDV is not their primary medical facility at this level of
healthcare provision.

3.3 Results of the MK analysis on the EHS
clusters

In addition to the EHS analysis conducted at the settlement
level, a MK trend analysis was performed on the EHS clus-
ters. To enable this analysis, a spatial intersection was

carried out between the EHS cluster polygons and patient
records aggregated by settlement. For each cluster, the MK
analysis was applied to the corresponding subset of patient
records.

Where a statistically significant trend was identified, the
relevant parameters from both the EHS and MK analyses
were compiled, and the EHS cluster polygons were updated
to reflect the detected trend. These parameters are pre-
sented in Table 4 in Appendix 1 as a comparison of the EHS
and MK analysis parameters at the cluster level.

As shown in Figure 5, only one decreasing trend was
detected among the 91 clusters analysed, while the remain-
ing 90 clusters exhibited an increasing trend. Furthermore,
an increasing trend was identified in 10 out of the 15 clusters
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Figure 4: The MK trends in the number of
patients in the ICDV - settlement level.

with a defined EHS pattern. Clusters classified as Intensi-
fying and Consecutive Hot Spots consistently exhibited sta-
tistically significant positive MK trends, indicating that both
the spatial concentration and temporal burden of CVD are
increasing simultaneously.

The presence of a single cluster with a statistically sig-
nificant decreasing trend suggests that localised reductions in
ICDV patient counts are possible, likely reflecting changes in
referral patterns, availability of alternative tertiary care
centres, or demographic shifts rather than true epidemio-
logical decline. The statistically significant upward trend re-
flects a sustained increase in recorded CVD cases across the

majority of active space-time bins, with the steepest increases
observed in urban and peri-urban settlements surrounding
Novi Sad. The consistency between settlement-level and
cluster-level MK results indicates that the observed upward
trends are not artefacts of spatial aggregation, but represent a
robust, scale-independent increase in CVD burden.

3.4 Results of kriging procedure

Given the strong spatial autocorrelation of patient counts
and the absence of a deterministic trend surface, ordinary
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kriging was selected. Cross-validation indicated acceptable
prediction errors, supporting its use for exploratory visual-
ization rather than precise risk estimation.

As previously noted, to perform this analysis the set-
tlement polygons were converted into points, after which a
Kriging raster was generated. Figure 6a) illustrates the
spatial distribution of the number of ICDV patients per set-
tlement based on the Kriging interpolation. Lower patient
counts are represented by green shades, whereas higher
counts are shown in brown and white, with values ranging
from 3.50 to 56,906.17. Figure 6b) shows the final contour
lines, with number of patients ranging from 200 to 56,800.
Contours interval was set to 200, so the lowest contour is the
same value.

patients in the ICDV - cluster level.

3.5 Discussion

The findings of this study provide important insights into the
geospatial distribution of CVD in the Republic of Serbia,
based on patient data from the ICDV between 1995 and 2023.
Trend analysis was detected in 333 settlements, of which 287
exhibited an increasing trend and 46 a decreasing trend. The
settlements with an increasing trend are predominantly
concentrated in the northern part of the study area, which is
consistent with the results of two other analyses. Further-
more, the majority of settlements with an identified
decreasing trend are located outside the AP Vojvodina, as the
ICDV is not their primary medical facility at this level of
healthcare provision.
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The application of the EHS analysis revealed distinct
clusters of CVD, with 3 clusters categorised as Consecutive
Hot Spots, 9 clusters categorised as Intensifying Hot Spot and
3 clusters categorised as Sporadic Hot Spots, including 16, 35,
and 9 settlements in those clusters, respectively. The
persistence and intensification of hot spots in the Novi Sad
metropolitan region suggest cumulative effects of urbani-
zation, healthcare accessibility, and lifestyle risk factors,
reinforcing spatial health inequalities rather than diffusing
them over time. These findings suggest a significantly higher
burden of CVD settlements within South Backa County. The
identification of settlements that consistently appear within
hot spot clusters is particularly relevant for directing public
health interventions, as it allows for prioritisation of re-
sources and targeted prevention strategies.

Figure 7 provides an integrated spatial perspective by
combining cluster-based trend analysis with continuous
surface interpolation. The convergence of intensifying EHS
clusters, positive MK trends, and kriging-derived high-value
zones highlights a pronounced spatial core of CVD burden
centred on the Novi Sad metropolitan area. Importantly, the
gradual attenuation of interpolated values away from this
core suggests a spatial gradient rather than abrupt bound-
aries, indicating transitional zones between high- and low-
burden areas. Such patterns are characteristic of urban-
suburban health polarization and point to cumulative effects
of population density, healthcare utilization, and long-term
exposure to CVD risk factors.

The use of Kriging interpolation further enhanced the
spatial representation of disease burden. This approach
enables interpretation of geographic variation in CVD

occurrence and highlights transitional zones between high-
and low-burden areas. Taken together, the results underline
the value of geospatial methods for public health surveil-
lance, as they not only detect statistically significant clus-
tering but also allow for a nuanced understanding of spatial
gradients. This is clearly illustrated in Figure 8, which in-
tegrates these three methods. These analyses indicate the
same centre of gravity for the CVD patient distribution.
The present study has not sought to investigate the etio-
logical factors underlying the occurrence of CVD. Instead, its
primary objective has been to delineate areas characterised by
relatively high and low levels of disease burden. This spatial
perspective allows for the detection of geographic inequalities
in cardiovascular health and serves as a preliminary step to-
ward more comprehensive analyses that could integrate socio-
demographic, environmental, and lifestyle-related risk fac-
tors. By identifying the most and least affected regions, the
study provides valuable evidence to guide targeted public
health interventions and future epidemiological research.
From 1995 to 2005, the data are quite limited, as these
were the early years of the information system at the ICDV,
when data entry was optional and therefore incomplete. This
limitation mirrors broader systemic challenges in Serbia,
where, although a coronary heart disease register had been
legally mandated since 1980, the initial system faced signifi-
cant weaknesses that compromised its effectiveness [56].
Although a coronary heart disease register has been legally
mandated in Serbia since 1980, the initial system faced sig-
nificant limitations that compromised its effectiveness [56].
The use of inadequate reporting forms, insufficiently precise
methodological instructions, limited training of health
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personnel, and the absence of adequate informatics support
all contributed to systematic underreporting of newly diag-
nosed cases effectiveness [56]. By the end of the 1990s, the
number of registered patients was markedly lower than
mortality data suggested and up to 20 times below the esti-
mated prevalence of ischemic heart disease [56]. These
shortcomings highlight the discrepancy between the intended
scope of registration and the actual epidemiological burden of
CVD, raising concerns about the reliability of early surveil-
lance data for research and policy planning.

In response to these challenges, a series of legal and
regulatory measures were introduced to improve data
quality, coverage, and standardisation. A major milestone
was the establishment of the population-based Acute

analyses.

Coronary Syndrome Register (RAKSS) in 2006, initiated by
the Institute of Public Health of Serbia “Dr Milan Jovanovié¢
Batut” in collaboration with the national Expert Team for
ACS effectiveness [56]. The reorganisation emphasised de-
centralisation and the inclusion of multiple data sources
beyond the existing hospital-based REAKS registry, with
regional institutes of public health tasked with managing
local registries and Batut responsible for centralised analysis
effectiveness [56]. These efforts significantly strengthened
cardiovascular disease surveillance and created a more
robust epidemiological foundation for monitoring CVD.
Nevertheless, ongoing challenges such as ensuring
data completeness and sustaining long-term registry
infrastructure remain important considerations for
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further development. In addition to improving data
quality and registry infrastructure, further progress in
CVD surveillance in Serbia will require strengthening
inter-institutional collaboration and coordination. Effec-
tive monitoring of disease trends depends not only on the
efforts of individual hospitals or public health institutes,
but also on the establishment of systematic communica-
tion channels, standardised reporting procedures, and
integrated information systems across all levels of
healthcare. Closer cooperation between clinical centres,
regional public health institutes, and national authorities
would enhance the completeness and reliability of data,
reduce duplication of effort, and ensure timely data
sharing for both clinical practice and public health policy.
Such a coordinated approach is essential for building a
sustainable and comprehensive surveillance framework

that can support evidence-based decision-making and
targeted interventions.

As already noted, although ICD-10 was used in this study
and remains officially implemented in Serbia, ICD-11 came
into effect on January 1, 2022. Unlike ICD-10, ICD-11 is fully
digital, includes more diagnoses and more precise codes,
features updated medical terminology, and introduces new
diagnostic categories, enabling more detailed monitoring
and internationally comparable statistics. Its implementa-
tion in Serbia has not yet begun due to the need for adjust-
ments in legislation, information systems, and national
adaptation of the classification.

Krickovi¢ et al. analysed some of the CVD and found that
the North Backa County had a lower mortality rate for acute
coronary syndrome and myocardial infarction, despite an
above-average number of new cases [6]. They also reported
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the highest incidence of unstable angina pectoris in the
Severnobacki, Severnobanatski, and Srednjobanatski
counties, while the Zapadnobacki county showed higher
mortality [6]. However, their study was limited to three CVD
within Vojvodina, whereas the present study encompassed
all CVD recorded among patients of the ICDV. These meth-
odological and scope-related differences significantly affect
the comparability of the results.

According to Institute of Public Health of Serbia Dr
Milan Jovanovi¢ Batut [51], in 2022, standardized incidence
rates of acute coronary syndrome per 100,000 population in
the AP Vojvodina were highest in the Zapadnobacki and
Severnobacki counties. In central Serbia, the highest inci-
dence rates were observed in the Kolubarski, Branicevski,
Borski, NiSavski, and Toplicki counties, while the lowest
rates were recorded in the Juznobacki, Sremski, Macvanski,
Beogradski, Zlatiborski, and §umadijski counties [51]. Simi-
larly, in 2022, standardized mortality rates from acute cor-
onary syndrome in Vojvodina were highest in the
Severnobacki and Severnobanatski counties, whereas in
Central Serbia, the highest mortality was observed in the
Kolubarski, Zlatiborski, and Raski counties [51]. The lowest
mortality rates were reported in the Zapadnobacki, Sremski,
Beogradski, Moravicki, and Jablanicki counties [51].

These data, which are publicly available from the
Institute of Public Health of Serbia “Dr Milan Jovanovi¢
Batut,” cannot be directly compared with the results of the
present study, as it focuses on patients from a single
healthcare institution and considers all CVD collectively,
rather than acute coronary syndrome alone.

Krickovi¢ et al. utilized artificial intelligence to develop
an interactive map depicting the spatial distribution of pa-
tients examined at the ICDV [23]. The results indicated that
the largest proportion of patients originated from the Juz-
nobacki County, which was anticipated considering the In-
stitute’s location within this administrative area [25].
Furthermore, the majority of admitted patients were resi-
dents of the AP Vojvodina, which is consistent with the
findings of the present research. Research conducted by
Krickovi¢ et al. where investigated patients at the ICDV
indicated higher trends in hypertension cases in settlements
within JuZnobacki County [2], which is consistent with the
findings of the present research.

The study “Research on the Health of the Population of
Serbia in 2019”, conducted by the Statistical Office of the
Republic of Serbia in collaboration with the Institute of
Public Health of Serbia and the Ministry of Health of the
Republic of Serbia, reveals notable health inequalities [2, 6,
46, 73]. Women, particularly those with lower education and
socioeconomic status, more often report poor health. In
Vojvodina, a higher prevalence of obesity (25.4%) was
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observed, likely associated with diets rich in saturated fats,
salt, and high-calorie foods [2, 6, 46, 73]. Unfavourable pat-
terns are also present in other regions. Southern and Eastern
Serbia show higher levels of obesity, greater daily bread
consumption, and higher rates of smoking and alcohol use,
while Sumadija and Western Serbia have lower rates of
these behaviours [2, 6, 46, 73]. The latest National Health
Survey for 2025, conducted on a sample of 4,800 households,
is expected to provide further insights once results are
published [74]. These findings highlight the importance of
promoting healthier lifestyles — including better nutrition,
increased physical activity, weight control, and reduced to-
bacco and alcohol use, to lower cardiovascular risk.

In 2023, the Institute of Public Health of Vojvodina, in
collaboration with six county institutes, implemented the
program “Monitoring the Sodium Chloride Content in Meals
Provided through Organised Nutrition for Preschool Children
and Adolescents in Vojvodina” [42]. Data from 2012 to 2022
indicated that salt intake among preschool children was
consistently excessive in all examined facilities, in both urban
and rural areas [42]. Elevated sodium chloride levels were
also found in meals for school-aged children, adolescents, and
university students [42]. Since 2008, all European Union
member states, in cooperation with the World Health Orga-
nisation (WHO), have been implementing national programs
aimed at reducing salt intake. The WHO recommends a 30 %
reduction by 2025 [42]. In Serbia, the Strategy for the Pre-
vention of Non-Communicable Diseases and its 2009-2015
Action Plan identified improved nutrition and reduced salt
intake as specific goals; however, implementation programs
have not been developed [42, 75]. Evidence from countries
with established national salt reduction programs shows that
achieving the recommended daily sodium intake is a long-
term and challenging process requiring multisectoral support
[42]. Effective collaboration between public health in-
stitutions and organised nutrition services for children and
youth is essential for sustainable progress [42].

Petrovi¢ and Cankovi¢ found that both general and
abdominal obesity are highly prevalent among adolescents
in Vojvodina, with a higher occurrence observed among
boys [47]. These results are concerning since obesity during
adolescence significantly increases the likelihood of devel-
oping CVD later in life [47]. The study by TomaSevi¢ et al.
indicated an increase in the prevalence of obesity and hy-
pertension in Vojvodina, with obese individuals being nearly
twice as likely to develop hypertension [45]. These findings
are particularly important given that obesity and elevated
blood pressure are key risk factors contributing to the onset
and progression of CVD [45].

Jevti¢ et al. reveal a significant positive correlation he-
tween hospital admissions due to CVD and outdoor NO,
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concentrations in the Novi Sad area, Serbia [44]. Exposure to
nitrogen dioxide and other air pollutants has been widely
recognised as a contributing factor to the onset and exacer-
bation of cardiovascular conditions [44]. These findings un-
derscore the importance of addressing environmental
determinants of health, in conjunction with behavioural and
risk factors, to reduce the overall burden of CVD in the pop-
ulation. In this context, the spatial distribution of air quality in
Vojvodina during 2024 indicates notable regional disparities
that may contribute to unequal CVD risk. While most of the
territory was characterized by Category I air quality (clean or
slightly polluted), elevated pollution levels were identified in
urban agglomerations such as Novi Sad and Pancevo, where
air was classified as Category III (over-polluted) due to
exceedances of PMj, limit values [76]. Additionally, increased
concentrations of particulate matter were recorded in Subo-
tica, BeoCin, Sombor, and Zrenjanin [76].

These findings are partially consistent with the results
of the MK analysis, which indicate an increasing trend in
most observed regions, suggesting a possible association
between higher pollution levels and elevated CVD burden.
However, an exception is observed in Pancevo, where,
despite high levels of air pollution, the increasing trend was
not confirmed. This discrepancy may be explained by the
fact that Pancevo belongs to a different administrative
county than the analysed hospital catchment area, which
may influence patient flow, case registration, and the spatial
attribution of health outcomes. From a public health
perspective, populations residing in areas with elevated
PM;y and NO, levels remain at higher cardiovascular risk,
underscoring the importance of integrating environmental
indicators into spatial health analyses [76].

Effective prevention and control of CVD requires a
continued emphasis on health promotion and education,
particularly targeting vulnerable populations and the health
issues that contribute most to the local disease burden [42].
Successful implementation depends on modern health edu-
cation tools, trained educators, and a multidisciplinary,
multisectoral approach involving partnerships with schools,
social services, local communities, media, and NGOs [42].
Additionally, leveraging modern technologies and commu-
nication channels, especially when engaging children and
youth, can enhance the reach and impact of these in-
terventions [42]. Moreover, greater emphasis should be
placed on the implementation of structured preventive
strategies, given that CVD are largely preventable. This in-
cludes the early detection and effective management of
major risk factors such as hypertension, diabetes, smoking,
physical inactivity, and unhealthy diet. In this context,
strengthening primary health care systems and introducing
organized screening programs, particularly for high-risk
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populations, are essential steps toward reducing disease
burden. Additionally, population-based health promotion
interventions aimed at encouraging healthier lifestyles,
along with efforts to reduce health inequalities and improve
access to preventive services, are crucial for achieving sus-
tainable public health outcomes.

Comprehensive implementation of national strategies,
regulations, and programs for the prevention and control of
chronic non-communicable diseases, along with the provi-
sion of material and human resources [42], should constitute
an imperative for the Republic of Serbia in the fight against
CVD. Strengthening collaboration among institutions
specialized in the treatment of CVD across the Republic of
Serbia, particularly through the establishment of a unified
database, would provide a more comprehensive foundation
for spatial-temporal analyses. Such integration could enable
researchers to obtain a complete overview of CVD patterns
at the national level, thus improving the accuracy of epide-
miological insights. Greater emphasis should be placed on
regional cooperation.

Equally important is the need for multidisciplinary
cooperation. Experts from various fields-clinicians, epide-
miologists, geographers, statisticians, and public health
professionals-should not work in isolation but rather engage
in joint studies. This integrated approach would allow for a
more in-depth examination of the multifactorial causes of
CVD, including demographic, environmental, behavioural,
and socioeconomic determinants. Interdisciplinary collabo-
ration may foster innovative research directions, including
the application of advanced geospatial techniques, machine
learning, and predictive modelling to better understand
disease dynamics. Finally, the development of such an in-
tegrated system would support evidence-based decision-
making, offering policymakers a robust tool for designing
prevention strategies and allocating healthcare resources
more efficiently.

In the context of global development priorities, popu-
lation health represents a key indicator of societal progress
and is directly linked to the 2030 Agenda for Sustainable
Development adopted by the United Nations, particularly
Sustainable Development Goal 3 (SDG 3: Good Health and
Well-being) [77]. This goal emphasizes the need to reduce
mortality from non-communicable diseases, among which
CVD remain the leading cause of death at both global and
national levels [77]. CVD constitute one of the most signifi-
cant public health challenges; therefore, their prevention,
early diagnosis, and adequate treatment play a crucial role
in achieving the targets of SDG 3, especially those related to
reducing premature mortality from non-communicable
diseases through prevention and treatment, as well as pro-
moting mental health and well-being [77].



16 —— E. Kritkovi¢ et al.: Spatio-temporal patterns and emerging trends

4 Conclusions

This spatial analysis of CVD reveals pronounced geograph-
ical disparities in disease occurrence, demonstrating an
uneven distribution of cardiovascular burden across settle-
ments in the Republic of Serbia. The marked concentration
of cases in South Backa County, particularly within the Novi
Sad metropolitan area, points to the existence of persistent
high-risk zones that warrant targeted preventive measures
and improved accessibility to healthcare services. While this
spatial pattern reflects genuine differences in disease
burden, it must also be interpreted in light of the study
design, as the analysis is based on patients treated at a single
tertiary medical institution. The location of the ICDV likely
influenced the observed spatial distribution, with proximity
to the Institute contributing to higher recorded patient
numbers in adjacent settlements.

The application of geostatistical and GIS-based methods
proved highly effective in elucidating the spatial and tem-
poral dynamics of cardiovascular morbidity, providing in-
sights that extend beyond those obtainable through
conventional epidemiological approaches. Incorporating
trend analysis transforms spatial clustering from a
descriptive tool into an early-warning mechanism capable of
supporting proactive cardiovascular disease prevention. By
integrating the EHS analysis with Kriging interpolation
within a long-term spatio-temporal framework, this study
offers a robust and transferable methodological approach
for monitoring cardiovascular disease burden at the settle-
ment level. The ability to identify persistent, emerging, and
spatially concentrated high-risk areas provides policy-
makers with an evidence-based foundation for prioritizing
preventive programs, optimizing the allocation of health-
care resources, and strengthening early-warning capacities
within public health systems. In this context, spatially
explicit analyses can support more effective, place-based
interventions and contribute to the reduction of regional
health inequalities.

Beyond its immediate empirical findings, the study un-
derscores the broader value of incorporating advanced
spatial analytics into the surveillance of non-communicable
diseases. The methodological framework presented here is
readily applicable to other disease groups and geographic
settings, particularly in regions where long-term clinical
registries exist but remain underutilized for spatial epide-
miological research. Future studies should aim to integrate
data from multiple healthcare institutions to achieve a more
comprehensive and representative national overview of CVD
in Serbia, thereby minimizing biases related to healthcare
accessibility and institutional proximity. The incorporation of
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population-normalized indicators, advanced spatio-temporal
analyses, and machine learning techniques holds consider-
able potential for improving predictive modelling and sup-
porting the early detection of emerging risk areas.
Additionally, longitudinal investigations linking spatial pat-
terns with demographic, socioeconomic, environmental, and
clinical determinants are essential for evaluating the effec-
tiveness of preventive measures and for informing evidence-
based public health strategies aimed at reducing the long-
term burden of CVD.
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