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Abstract: The objective of this study was a geographic medical analysis of noncommunicable diseases
(cardiovascular diseases from 2010 to 2020 and diabetes from 2010 to 2019) in the AP Vojvodina
(northern Serbia) in order to identify the most and least burdened counties as well as to present
trends in the mentioned diseases. The Mann-Kendall trend test, a cluster analysis, and Getis—Ord
Gi* method for hot spot analysis were applied in this analysis. Regarding acute coronary syndrome
and myocardial infarction, the North Backa County had a lower mortality rate although the number
of newly reported cases was above average. The largest number of new cases of unstable angina
pectoris was in the North Backa, North Banat, and Middle Banat Counties, while the West Backa
County was identified as a county with a higher mortality rate. The cluster analysis showed that the
number of death cases from diabetes in the Srem County is significantly higher than that in the other
counties. Likewise, the West Backa County had a high number of new diabetes patients, but also a
much lower mortality rate. Chronic noncommunicable diseases are predominant in newly diagnosed
incidences and death cases in the AP Vojvodina. Studies of this kind promote public health and
healthcare systems in the researched area and in the Republic of Serbia, as well as in other countries.

Keywords: noncommunicable diseases; AP Vojvodina; cardiovascular diseases; diabetes; population
health; geographic medical overview

1. Introduction

This work represents a part of the study “The effect of geographic medical factors
on the health of the population of the AP Vojvodina” which can be regarded as a pioneer
research work in the field of the medical geography of Serbia. The Autonomous Province
of Vojvodina (AP Vojvodina, northern Serbia) is a geospatial entity with specific natural-
geographic and social-economic features and represents the researched area in this work.
The aetiology of most chronic noncommunicable diseases (NCDs) is quite complex and
it is very difficult to identify, with certainty, the factors which cause the abovementioned
diseases. The health of people depends significantly on the conditions present in the envi-
ronment and is related to its influences. A great number of factors, the most common being
smoking, inadequate diet habits, insufficient physical activity, stress, and environmental
pollution, influence the occurrence of noncommunicable diseases. A look back at the health
status of the population in Vojvodina in the second half of the 20th century reveals that the
communicable diseases which used to pose leading health issues in the past are now under
control [1]. The abovementioned factors can be attributed to a rapid socio-economic devel-
opment, vaccination, conduction of programs for combating, eliminating, and eradicating
communicable diseases, environmental recovery, and an increase in health culture. It is also
necessary to acknowledge the fact that certain demographic changes take place—first and
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foremost, the ageing of the population, which leads to a higher number of people suffering
from mass noncommunicable diseases [1].

According to WHO’s NCD Portal, in 2019, noncommunicable diseases were responsi-
ble for 74% of total deaths [2]. Furthermore, 72% of all male deaths and 75% of all female
deaths were attributed to noncommunicable diseases [2]. In the same year, the world’s
mortality rate of NCDs was 479 per 100,000 population, out of which the male mortality
rate was higher than the female one, i.e., 576 to 397 per 100,000 population, respectively [2].
The mortality rate of NCDs in Europe, in the same year, was 427.15 per 100,000 population.
According to the WHO report on noncommunicable diseases profiles across countries, the
burden is the greatest within low and middle-income countries, where 78% of all noncom-
municable disease deaths and 85% of premature deaths occurred [3]. The probability of
premature mortality from NCDs in the world in 2019 was 18% and in Europe it was 16% [2].
The mortality rate overview of noncommunicable diseases in Europe in 2019 is displayed
in Figure 1, and Serbia is in 15th place among 50 countries.
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Figure 1. Noncommunicable diseases age-standardized death rates (per 100,000 population) in
Europe in 2019. [2].

Analyzing the data from the portal in 2019, one can see that Serbia is above the
world average with NCDs responsible for 95% of total deaths (94% of male and 96% of
female deaths) [2]. Following this, Serbia is also above the world and European average
NCDs mortality rate with over 600 per 100,000 population, together with male and female
NCDs mortality rates, i.e., 716 and 503 per 100,000 population, respectively. In addition,
the probability of premature mortality from NCDs in Serbia is higher than the world
average of 22%. [2] Furthermore, according to WHO’s NCD Data Portal, Serbia had a
600.81 noncommunicable diseases mortality rate in 2019, which is higher than the European
average of 427.15 [2].

Cardiovascular diseases pose a grave global problem nowadays. In 2019, there were
approximately 12.7 million new cases of cardiovascular diseases (CVDs) in countries with
data available in Europe [4]. According to Timmis, A. et al. (2022), in the same year,
Serbia had an incidence rate of 920 per 100,000 population and was in 18th place among
54 countries regarding the CVDs incidence rate [4].

Maksimovic et al. (1999) researched the relationship between magnesium and calcium
in potable water and CVDs in 65 municipalities in Serbia while Velicki (2017) researched
the relationship between diet and acute coronary syndrome among patients with this
disease in the territory of the AP Vojvodina [5,6]. Poloniecki et al. (1997) and Jevtic et al.
(2014) researched the relationship between air pollution and the occurrence of CVDs in the
researched area [7,8].
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Diabetes is a disease which represents a major public health issue in today’s world [9].
Over 90% of patients are diagnosed with type 2 diabetes. The highest number of people
with the abovementioned diabetes type are between 40 and 59 years of age although more
and more younger people have recently been diagnosed with it [9]. Samuelsson, U. and
Lofman, O. (2004) within the study “Geographical mapping of type 1 diabetes in children
and adolescents in southeast Sweden” established geographical variations of risks of type
2 diabetes incidences in children and adolescents among the municipalities in the region
mentioned [10]. Samuelsson, U. et al. (2020) studied geographical variations in the rate
of type 1 diabetes incidence in Nordic countries [11]. In the study “Association between
Arsenic in Drinking Water and the Occurrence of Type 2 Diabetes”, Jovanovic D. (2013)
studied the relationship between arsenic concentrations in potable water in the city of
Zrenjanin (AP Vojvodina) and type 2 diabetes cases [12].

According to the International Diabetes Federation’s Diabetes Atlas (IDF Diabetes
Atlas), in 2021, Serbia was among the top five countries in Europe with the highest age-
adjusted prevalence of people with diabetes (2079 years)—9.1% [13]. In the same publica-
tion, it is stated that 1.1 million deaths in Europe were caused by diabetes in 2021 [13].

In the AP Vojvodina, in 2019, the standardized incidence rate for type 1 diabetes from
0-29 years was 12.7 and for type 2 diabetes it was 157.6 [14]. In the same year, the mortality
rates of type 1 and type 2 diabetes in the researched area were 6.0 and 5.9, respectively [14].

The health protection of the AP Vojvodina population is organized within 93 healthcare
facilities through the primary, secondary, and tertiary levels [15]. The number of doctors per
1000 population in the province is below the national and the European average—2.48 [16].
In Europe, there are 3.22 and in Serbia, there are 2.86 doctors per 1000 population [16]. In the
Republic of Serbia, the registry for coronary heart disease and the registry for diabetes have
been legally established since 1980. The population registry for acute coronary syndrome
was established in 2006 and the reorganization of the registry for diabetes in Serbia was
initiated in the same year [14,17]. These registries are conducted at the regional level while
the database is established, maintained, and updated at the national level [14,17].

This work will not examine the causes of noncommunicable diseases occurrence
(cardiovascular diseases and diabetes) but will provide a geographic medical overview of
the abovementioned diseases in the territory of the AP Vojvodina. This overview will be
supported by a hot spot analysis of the mentioned diseases, by the incidence and mortality
rates as well as by analyzing the trends of the diseases using well-known methods such
as cluster analysis, the Mann—Kendall test, and emerging hot spot analysis using the
Getis—Ord Gi* spatial clustering statistic method.

There are numerous studies describing the geospatial distribution of diseases using
emerging hot spot analysis. For instance, Bahri, M.A.S et al. (2014) in the study “Compari-
son of Spatial Autocorrelation Analysis Methods for Distribution Pattern of Diabetes Type
2 Patients in Iskandar Malaysia Neighbourhoods” used Getis—-Ord G* Statistics to compare
diabetes type 2 patients” data both in global and local scales [18]. Furthermore, Kuznetsov
and Sadovskaya (2021) and Shariati et al. (2020) used hot spot analysis to understand the
spatial distribution of COVID-19 at regional and global scales [19,20]. McEntee and Ogneva
Himmelberger (2008) carried out a hot spot analysis for the exposure of diesel particulates
using a t-test to determine significant differences between the influence of lung cancer
and asthma cases [21]. Razavi Termeh, S.V. et al. (2021) in the study “Asthma-prone areas
modelling using a machine learning model” used the Getis—Ord Gi* index to map high-risk
areas for asthma [22] and Mahara, G. et al. (2018) identified the hot spots of tuberculosis
incidence in urban districts using space—time cluster analysis of tuberculosis incidence in
Beijing, China [23].

2. Materials and Methods

The objective of this work is to research noncommunicable diseases (cardiovascular
diseases and diabetes) in the territory of the AP Vojvodina (northern Serbia) in order to
identify the most burdened counties and the present trends in the diseases in question.
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The data for certain noncommunicable diseases within the research area are not
publicly available for a continuous time period. Therefore, the time frame of the research
mostly depended on the very accessibility of the available data. In addition, for certain
diseases, the records are not published, i.e., the public is not informed due to a legal
regulation which enables relevant institutions to decide on the scope and continuity of
informing the public. The data on the newly diagnosed and those who have died from
cardiovascular diseases were taken from the publication “Incidence and mortality from
acute coronary syndrome in Serbia” from 2010 to 2020, and this was issued by the registry
of acute coronary syndrome in Serbia and the Institute of Public Health of Serbia “Dr
Milan Jovanovic Batut” [17,24-33]. Likewise, we used “Health statistical yearbooks of the
Republic of Serbia” from 2010 to 2020 and these were published by the Institute of Public
Health of Serbia “Dr Milan Jovanovic Batut” [16,34-43], as well as the publications “Health
condition of the population of the AP Vojvodina” released by the Institute of Public Health
of Vojvodina [15,44-54]. The data on the number of new patients and the deceased as well
as on the incidence and mortality rates from diabetes were obtained from the publications
“Diabetes incidence and mortality” from 2010 to 2019 [14,55-63] published by the Diabetes
Registry of Serbia and the Institute of Public Health of Serbia “Dr Milan Jovanovic Batut”.

The researched area represents a connection between central and western Europe
on one side and the Near East and the Balkans on the other. The Autonomous Province
of Vojvodina is located in the north of the Republic of Serbia and boasts a favorable
geographical position [64]. It is located between 44°38" and 46°10" north latitude and
between 18°10” and 21°15’ east longitude, in south-eastern Europe, in the Balkans, and
comprises the southern part of the Pannonian Basin [64].

To the north, it is bordered by Hungary, to the east by Romania, to the west by Croatia,
whereas to the south-east it is bordered by Bosnia and Herzegovina, and to the south by
the Danube and Sava rivers [65]. The researched area covers the surface of 21.506 km?.
Bearing in mind the fact that as many as ten European countries occupy a smaller territory
(Slovenia, Montenegro, Cyprus, Luxembourg, Andorra, Malta, Liechtenstein, San Marino,
Monaco, and the Vatican) and observing the area of Vojvodina, one can conclude that it is a
relatively large entity of regional autonomy [66].

The researched area accounts for 24.3% of the entire surface of the Republic of Serbia
and it has the population of 1.93 million, which constitutes 27.2% of the entire population
number if we do not take into account the territory of the AP Kosovo and Metohija [66].

In this research the following methods were applied: cluster analysis, the Mann—Kendall
test, and the cartographic method. For the sake of mapping, the data on the diseases were
used at the county level, whereas for the analysis via the Mann-Kendall test, the data were
used on the level of the province. The incidence and mortality rates were used for analyzing
a disease. The cluster analysis was applied to identify the most burdened counties and
also for the areas in which the mentioned diseases are less present. The cluster analysis
represents a statistical method of processing the data by means of a number of operations
over the data in order to obtain, transform, or classify the information within the data set
being monitored. The cluster analysis functions by the principle of organizing the data into
groups or clusters in relation to how these data are related, i.e., grouping the data or the
objects in such a way that the data or objects within the same group are more similar to
each other than to the ones in the other groups/clusters. The cluster analysis serves more
as a research tool than a means of prediction.

With the aim of statistical examination, we will use the k-center method which is
mostly used in the statistical cluster analysis. This algorithm attempts to find groups by
minimizing the distance between the data.

The calculation of the distance between the data is Euclidean, and it is performed by
means of the formula below:

)
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in which x = (x1,x2) = (newly diagnosed or dead) is a coordinate point from the chart,
whereas y is a point with different coordinates y = (1,2 ).

During the cluster analysis, the statistical program R Studio was used; it contains the
function k means for calculating the k-center and grouping the data for a given number
of clusters. It is quite significant to point out here that before we apply the k-center (k
means) algorithm, we need to assign a number of clusters. In case we are not sure about
the number of clusters, we can apply the following formula to calculate it:

No. of clusters = ? 2)
where 7 stands for the total number of the data obtained.

As a trend test, this study applies the widely used Mann—Kendall test, a non-
parametric test assuming stable, independent, and random time series with equal probabil-
ity distributions [67]. In this research, it will be used in order to examine the trends in the
most frequent noncommunicable diseases in the studied area where we will also examine
which diseases tend to increase/decline. By means of the abovementioned method, one
can estimate how a variable can change when influenced by another one. The MK test is
simple and robust; it can cope with missing values and values below the detection limit [68].
Starting from the first test suggestions by Mann- [69] and Kendall [70], the test itself was
later extended for a wider application [71]. The Mann—Kendall test can be applied in
cases when it can be assumed that for the value of xi time series, the following model holds
true [68]:

n i—1

S=1Y) sign(x;— x) 3)
i=2j=1
where sign x; — x; is:
1, for x;—x;>0
sign(x) = q 0, for x; —x;=0 4)
=1, for x;—x; <0

The statistic S tends to normality for a large n, with a mean and a variance defined as
follows [69],
E(S)=0 ®)

V(S) =1/18 |n(n —1)(2n+5) — f tp(tp —1)(2tp + 5) ©6)
P=1

where 7 is the length of the times-series, tp is the number of ties for the p'"* value, and g is
the number of tied values (i.e., equals values). The second term represents an adjustment
for tied or censored data. The standardized test statistic Z is given by [72,73]:

\/% if $>0,
z={0 if $=0, @)

S+1 .
\/#(S) if $<0,

The presence of a statistically significant trend is evaluated using the Z value. This
statistic is used to test the null hypothesis such that no trend exists [72]. A positive Z
indicates an increasing trend in the time-series, while a negative Z indicates a decreasing
trend [72]. To test either an increasing or decreasing monotonic trend at the p significance
level, the null hypothesis is rejected if the absolute value of Z is greater than Z;_p,;
where Z_p,; is obtained from the standard normal cumulative distribution tables [72].
According to the MK test, two hypotheses were tested: the null hypothesis, Hy, stating that
there is no trend in the time series; and the alternative hypothesis, Ha, stating that there is a
significant trend in the series for a given significance level limit [68]. The probability, p, was
calculated to determine the level of confidence in the hypothesis. If the computed p-value
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is lower than the chosen significance level « (e.g., « = 5%), the Hy (there is no trend) should
be rejected and the H, (there is a significant trend) should be accepted; and if the p-value is
greater than the significance level «, then the Hj is accepted (or cannot be rejected) [74].
For calculating the probability (p) and for hypothesis testing, XLSTAT statistical analysis
software was employed [74].

The cartographic method was applied to examine the geographical distribution of
cardiovascular diseases and diabetes within the researched area. ArcGIS Pro software (a
product of the American ESRI company) was used.

We used the Getis—Ord G} statistic within the emerging hot spot analysis (Space Time
Pattern Mining) tool to determine the areas characterized as “hot spots and cold spots” with
regard to noncommunicable diseases (cardiovascular diseases and diabetes). This classifies
the spatial patterns into clusters and outliers where the former can either be positive (hot
spots) or negative (cold spots), while the latter are spatial objects whose attribute values
are distinctly different from those of their spatial neighbors [75]. The space-time analysis
we used in ArcGIS Pro uses a space-time cube (netCDF cube) as an input and identifies
trends in data, such as new, intensifying, diminishing, and sporadic hot and cold spots. The
space-time cube in ArcGIS Pro was made of defined locations (counties) and it structured
time-stamped features into a netCDF data cube by generating space-time bins with defined
features (in this case counties) with the associated spatiotemporal attributes. By creating
this cube, the statistic values were calculated and the trend for bin values across time in
each county was measured using the Mann—Kendall statistical test.

This hot spot analysis utilizes the G statistic that can be calculated as follows:

n L. X VN ..
o Ty - X O w;

! 2
n 2 n ..
S \/” Zj:1 Wi~ ():]':1 WI,])

n—1

®)

where G} is the spatial autocorrelation (spatial dependency) statistics of an event i 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 [76—78] and:

n .
Z]':1 Xj
n

2
S:V%&_@z (10)

The G statistics consider the magnitude of each feature in the data set in the context
of its neighbours’ values [76-78]. The local sum of a feature and its neighbors has been
compared to the sum of all features. If there is a significant difference between the local
sum and the expected local sum, where the difference is too large due to randomness, a
statistically significant z-score is the result [76-78]. With the resultant trend z-score and the
p-value for each location with data, and with the hot spot z-score and the p-value for each
bin, the emerging hot spot analysis tool classification follows the official ESRI’s ArcGIS Pro
3.0 categorization scheme (pattern name and definition) for each study area location.

The utilization of geographic information systems (GIS) for spatial representation of
diseases and the conditions in the health sector (government, provinces, and municipali-
ties) of the given population can contribute to its intensive development and applicative
importance according to Krickovi¢ et al. (2022) [79]. For this purpose, ArcMap software
was applied in this study.

Figure 2 presents the integration of the abovementioned methods with the aim of
analyzing noncommunicable diseases (cardiovascular diseases and diabetes) within the
researched area.

X =

©)
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Figure 2. The process from the data collection to the analysis and the research results.

3. Results

According to the publications by the Institute of Public Health of Vojvodina [15,44-54],
among the noncommunicable diseases in the researched area, the most significant public
health problems are blood circulatory system diseases and diabetes. As it has been defined
by the methodology of the research, in this part of the work we will present the results
of the cluster analysis and the cartographic overviews made in the already mentioned
ArcMap software, along with the trends in the most common noncommunicable diseases
in the researched area.

3.1. The Results of the Cardiovascular Diseases Research

In 2019, blood circulatory system diseases accounted for 50.5% of all the death causes
in the population of the researched area while in 2005 the percentage was 56.8% [15,44].
Table Al presents the data on the number of new patients and the ones who died from
acute coronary syndrome, as well as the incidence and mortality rates from 2010 to 2020.

In order to compare the data on the number of the newly diagnosed, the dead, and the
incidence and mortality rates in the course of different years within the analyzed period,
we will provide an overview for the following three years (2020, 2015, and 2010). During
2020 the total number of new patients with acute coronary syndrome was 4421, whereas
the incidence rate at the level of the entire AP Vojvodina territory was 240 [17]. The highest
incidence rate was registered in the North Backa County, whereas the lowest rate was in
the South Backa County. The mortality rate in the aforementioned year equaled 52.9 for
the entire researched area. The highest mortality rate in 2020 was recorded in the North
Banat County, and the lowest rate was recorded in the North Backa County [43]. In 2015,
5502 new patients with the disease in question were registered; more men than women
(3448 men and 2054 women) were registered [51]. The incidence rate of 290.8 per population
of 100,000 was higher in men than in women. There were 1206 death events (738 men and
468 women died) [51]. During 2010, the number of new cases of acute coronary syndrome
was registered as 3399 men and 2195 women [24]. The highest incidence rate was recorded
in the area of the North Banat County, whereas the lowest rate was in the North Backa
County. The mortality rate in 2010 reached the highest value in the Middle Banat County,
and the lowest rate was in the Srem County [46]. Figure 3 presents the ratio of the number
of deceased (mortality rate) and that of new patients (incidence rate) with acute coronary
syndrome during the period from 2010 to 2020. Each dot in this chart represents the ratio
between the incidence and mortality rate for each year in the observed period. A chart was
used to determine if there was a simple linear regression in the data over time. As it was
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determined there is no linear regression and the cluster analysis, the Mann—Kendall test,
as well as the hot spot analysis were applied to determine the disease trends and hot spots.

County
« South Backa
+ South Banat
J : North Backa
2 North Banat
75+ — « *° + Middle Banat
* . . » Srem
= West Backa

.

Deceased
.
P

New E):sxtients
Figure 3. Acute coronary syndrome incidence and mortality rate ratio from 2010 to 2020.

By means of the cluster analysis and by applying the k-means function in the R
programming environment, we have noticed that one cluster particularly stands out—the
North Backa County (Figure 4). Unlike the situation in other counties, this county has a
much lower mortality rate from acute coronary syndrome although it has an average or
even higher than average number of new patients.

K-mean:Acute Coronary Syndrome (per 100,000)

Cluster

New patients

| [——
B oo

Deceased

Figure 4. Identification of clusters during the analysis of acute coronary syndrome in the researched area.

However, if we opt to observe two instead of three clusters, we will come up with
Figure 5. In that Figure, there are two clusters presented, each of them includes a few
different counties. The Middle Banat and North Banat counties diverge from the others
(red color in cluster 1) and if we look at the table data overview, we will notice that these
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two counties have above average numbers of new patients and deceased ones from acute
coronary syndrome per population of 100,000.

K-mean:Acute Coronary Syndrome (per 100,000)

350~

cluster

8
.

Al

|82

New patients
L]

250~ Nest Backa~g

200 -

Deceased

Figure 5. Isolation of two clusters during the analysis of acute coronary syndrome in the researched area.

The identified patterns of acute coronary syndrome in the hot spot analysis of the
researched area are presented in Figure 6. Regarding the acute coronary syndrome incidence
rate per 100,000 population, only in the North Backa County has no trend been identified,
while in all of the six other counties, a rising trend has been identified, e.g., “oscillating
hot spot”. As for the mortality rate, a rising trend has been identified only in the South
Backa and Middle Banat Counties while no trend has been identified in all of the five
other counties.

(a)

N Legend

Wé" Acute Coronary Syndrome
. Mortality Rates

[ County Border

Pattern Type

I Oscillating Hot Spot

[T No Pattern Detected

N Legend (

Wéﬂ Acute Coronary Syndrome
Incidence Rates
[ County Border
Pattern Type

B Oscillating Hot Spot
[ No Pattem Detected

(
North Backa, {Nonh Backa% North Banat

West Backa ~ ©

South Banat

1050 10 20 30 40
Kilometers.

Figure 6. Identified patterns in the emerging hot spot analysis for the acute coronary syndrome inci-
dence/mortality rates per 100,000 population in the province: (a) incidence rates, and (b) mortality rates.

Figure 14a shows the geographical distribution of the acute coronary syndrome inci-
dence, i.e., the average values during the period analyzed. The North Banat County stands
out in particular as it has the highest incidence rate, with the Middle Banat and North
Backa Counties follow. The lowest incidence rates have been recorded in the South Backa
and Srem Counties. Figure 15a presents the mean values of the mortality rate of acute
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coronary syndrome from 2010 to 2020. The highest average mortality rate was registered in
the North Banat and Middle Banat Counties, followed by the West Backa County, whereas
the counties with the lowest average mortality rate are North Backa and South Banat.

Apart from acute coronary syndrome, out of the other cardiovascular diseases, we
also analyzed myocardial infarction and unstable angina pectoris. During 2020, there were
3848 newly diagnosed patients with myocardial infarction and the incidence rate equaled
209 [17]. The highest incidence rate of the disease in question was recorded in the North
Backa County, and the lowest rate was recorded in the Middle Banat County. In the North
Banat County, during the same year, the highest mortality rate was registered, whereas the
lowest rate was in the West Backa County.

The number of newly diagnosed patients with myocardial infarction during 2015 was
4669 and the incidence rate was 246.8 [51]. In the Middle Banat County, there was the
highest registered rate of newly diagnosed cases in the same year, equaling 305.4. The
mortality rate from myocardial infarction in 2015 was 63.1; a total of 1186 patients died [51].

In 2010, myocardial infarction was registered in 2944 men and 1829 women [46]. The
incidence rate in the territory of the AP Vojvodina was 243.8, whereas the highest incidence
rate during 2010 was registered in the Middle Banat County (338.7) [24]. The mortality rate
from myocardial infarction in the researched area in 2010 equaled 86.5, whereas the highest
mortality rate was recorded in the Middle Banat County (134.5) [24]. Table A2 presents the
number of new patients and deceased ones, as well as the incidence and mortality rates of
myocardial infarction and unstable angina pectoris during the period from 2010 to 2020.

Figure 7 presents the ratio between the incidence and mortality rates from myocardial
infarction during the analyzed time period. As in the previous acute coronary syndrome
ratio chart, dots in this chart also represent the ratio between the incidence and mortality
rates for each county. It can be noticed that there is certain linear regression, but it is also
visible that the data are dispersed. It could be concluded that the greater the number of
newly diagnosed, the t deceased from myocardial infarction. As in the previous case, the
same methods were used in order to determine disease trends and hot spots.

=4 2 County
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North Backa
North Banat
Middle Banat
Srem
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[ ]

~
a
e & & & o o @
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25- " " . ] [l '
100 150 200 250 300 350

New patients

Figure 7. Myocardial infarction incidence and mortality rate ratio from 2010 to 2020.
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Another cluster analysis was applied to the data on the number of newly diagnosed
patients and those deceased from myocardial infarction in the AP Vojvodina in the period
from 2010 to 2020, i.e., the incidence and mortality rates. The issue with this analysis is that
we need to estimate beforehand how many clusters we might have judging by the previous
chart. The k-center algorithm is not suitable for variables which come in the form of text as
it is necessary to calculate the distance between the data. If we happen to not be sure about
the number of clusters, according to the mentioned formula (2) in this set of data n =77,
the number of clusters that we want to examine equals V77/2 =439 ~ 4.

Figure 8 presents the identified clusters for myocardial infarction during the analyzed
time period. One cluster stands out among the others, and that is the North Backa County
where we may clearly see that, although there are between 150 and 250 new patients per
100,000 population, the number of deceased is much lower in relation to other districts in
the AP Vojvodina.

K-mean:Myocardial Infaraction (per 100,000)

Cluster

.
. 3
.

County

New patients

Deceased

Figure 8. Identification of clusters in the course of analyzing myocardial infarction in the researched area.

The identified patterns in the hot spot analysis of myocardial infarction are given in
Figure 9. In this figure, regarding the myocardial infarction incidence rate, only the Srem
County has not shown any trend. In four counties—West Backa, North, Middle, and South
Banat Counties—"“new cold spots” were identified (decreasing trend), and in the North
and South Backa Counties, “oscillating cold spots” were identified (decreasing trend). In
the same analysis, only the North and South Backa Counties saw a rising trend in the
myocardial infarction mortality rate identified as “oscillating hot spots”, while in the other
five counties, there was no trend detected.
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Figure 9. Identified patterns in the emerging hot spot analysis for the myocardial infarction inci-
dence/mortality rates per 100,000 population in the province: (a) incidence rates, and (b) mortality rates.

Figure 14b presents the incidence rates of myocardial infarction in the period from 2010
to 2020. The South Banat County had the highest incidence rate, and the North Banat and
Middle Banat Counties followed. The counties with the lowest incidence rate of myocardial
infarction are North Backa and Srem. The mortality rates of myocardial infarction in the
2010-2020 period are shown in Figure 15b. The highest mortality rate during the analyzed
period was recorded in the North Banat County, and the Middle Banat County comes next.
The counties with the lowest mortality rates during the analyzed period were the North
Backa County and the South Banat County.

During 2020, the highest incidence rate of unstable angina pectoris was registered in
the West Backa County, whereas the lowest rate was in the South Backa County. Overall,
775 newly diagnosed patients were registered, and the incidence rate was 42.1 [17]. The
total of 23 patients died in the researched area and the mortality rate in the mentioned
year equaled 1.2 [17]. The highest mortality rate was registered in the West Backa County
and the lowest rate was registered in the Middle Banat County. In 2015, unstable angina
pectoris was confirmed in 833 people and the incidence rate was 44. The total number of
deceased patients from the disease in question in 2015 was 20 and the mortality rate equaled
1.1 [29]. The highest incidence rate was 126.6 in the North Backa County and the lowest was
registered in Srem County (20.7) [21]. During 2010, unstable angina pectoris was registered
in 455 male patients and 366 females [46]. The incidence rate was 41.9, whereas the mortality
rate was 2.6. The total of 50 patients died from this disease in the course of 2010. In the
South Banat County, there was the lowest incidence rate of unstable angina pectoris in 2010
(21.1), while the highest rate was in the North Banat County (131.6) [46]. The West Backa
County had the highest mortality rate during the analyzed year and it equaled 7.8. [46]
Figure 10 presents the ratio of the number of deceased and newly diagnosed patients with
unstable angina pectoris during the analyzed time period. As in the previous cases, the
ratio chart between the incidence and mortality rates was made in order to determine if
there is linear regression in the data. Each dot in this chart represents this ratio in each
county over the period. In this case, it is evident that there is no linear regression, and the
same methods were used as before in order to determine disease trends and hot spots.
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Figure 10. Unstable angina pectoris incidence and mortality rate ratio from 2010 to 2020.

The application of the k-means function for the cluster analysis shows that there are
three clusters (Figure 11).

K-mean:Unstable Angina Pectoris (per 100,000)

Cluster

New patients

Deceased

Figure 11. Identification of clusters during the analysis of newly diagnosed patients with unstable
angina pectoris in the researched area.

The first cluster includes the North Backa, North Banat, and Middle Banat Counties
with the highest number of new patients, but also the average number of patients deceased
from unstable angina pectoris. The third cluster includes the West Backa County only with
a noticeably higher number of patients deceased from unstable angina pectoris. If we also
study the next figure (Figure 12) where the clusters are divided according to the number of
the deceased, we obtain the result in which the West Backa County clearly diverges from
the other counties, provided that we take into account only the number of those deceased.
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K-mean:Unstable Angina Pectoris (per 100,000)

cluster
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K

Deceased

Figure 12. Identification of clusters during the analysis of patients deceased from unstable angina
pectoris in the researched area.

The identified patterns in the hot spot analysis of unstable angina pectoris for the
incidence/mortality rates per population of 100,000 are presented in Figure 13. In this
figure, the Srem County has not displayed a trend in the incidence rate, while the Middle
Banat County was identified as a “new cold spot” (decreasing trend) and all of the other
five counties—West, North, and South Backa, and North and South Banat were identified
as “oscillating cold spots” (decreasing trend). North and South Backa and Middle and
South Banat have not shown a trend in the mortality rate, while the West Backa and North
Banat Counties were identified as “oscillating cold spots” (decreasing trend) and the Srem
County was identified as an “oscillating hot spot” (increasing trend).
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Figure 13. Identified patterns in the emerging hot spot analysis for the unstable angina pectoris inci-
dence/mortality rates per 100,000 population in the province: (a) incidence rates, and (b) mortality rates.

Figure 14c presents the incidence rates of unstable angina pectoris for the time period
from 2010 to 2020. The highest incidence rates during the analyzed period were recorded
in the North Backa and North Banat Counties, whereas the lowest ones were in the South
Backa, Srem, and South Banat Counties. During the examined time period, the highest
unstable angina pectoris mortality rate was registered in the West Backa County and the
lowest rate was recorded in the Middle Banat and South Banat Counties (Figure 15c).
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Figure 14. Incidence rates per 100,000 population for cardiovascular diseases in the researched area
from 2010 to 2020: (a) acute coronary syndrome incidence rates, (b) myocardial infarction incidence

rates, and (c) unstable angina pectoris incidence rates.
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Figure 15. Cardiovascular diseases mortality rates per 100,000 population in the researched area from
2010 to 2020: (a) acute coronary syndrome, (b) myocardial infarction, and (c) unstable angina pectoris.



Healthcare 2023, 11, 48

16 of 33

3.2. The Results of the Diabetes Research in the Studied Area

Table A3 presents the data on the number of the newly diagnosed individuals with
type 1 and type 2 diabetes, the number of the deceased, as well as the incidence and
mortality rates from 2010 to 2019. Based on the analysis of these data, in 2019, the number
of new, type 1 and 2, diabetes patients was 70 (aged 0 to 29), and the incidence rate was
12.2 [14]. There were 5363 new type 2 diabetes patients registered and the incidence rate
was 289.6 [14]. According to “The health statistical yearbook of the Republic of Serbia in
2019”7, in the researched area, 681 people died and the mortality rate was 32.8 [42].

According to the report “Health of the population of the AP Vojvodina, 2015, in 2015,
69 new patients with type 1 diabetes were registered and the incidence rate equaled 11.4
(13.3 at women, and 9.6 at men) [51]. In the same period, there were 5563 newly diagnosed
patients with type 2 diabetes. The incidence rate of type 2 diabetes was 283.5 (284.5 for men
and 282.6 for women) during the same year [51]. According to the data by the Statistical
Office of the Republic of Serbia, in 2015 there were 935 deceased from diabetes (339 people
from type 1, 416 people from type 2, and 180 people from unspecified type) [51]. In 2015,
the mortality rate of type 1 diabetes was 17.9 (16.8 for men and 19.0 for women), whereas
the rate of type 2 was 22.0 (19.3 for men and 24.5 for women) [51].

In 2011, the number of new patients registered with type 1 diabetes was 92, out of
which 48 were women and 44 were men [56]. In the same period, there was a significantly
higher number of newly registered patients with type 2 diabetes. The incidence rate of type
1 diabetes was higher in female patients (14.7) than in male patients (12.7). The incidence
rate of type 2 diabetes was 246.9 for men and 247.2 for women. During 2011, 339 people
died from type 1 diabetes in the AP Vojvodina as well as 361 people dying from type 2 [47].
The mortality rate of type 1 diabetes was 14.8 for men and 19.9 for women, whereas the
mortality rate of type 2 diabetes was 15.6 for men and 21.3 for women [47].

Figure 16 represents the ratio between the diabetes incidence and mortality rates
during the analysed period. As in the previous cases, dots represent the ratio between the
incidence and mortality rates in each county for each year in the period. It is clearly visible
that there is no linear regression and, therefore, the same methods were used in order to
determine the disease trends and hot spots as before. For the analysis of these data, the
k-center algorithm was also applied, but number three was taken as the number of clusters.
The following chart was obtained (Figure 17).

County
= South Backa
=4 * South Banat
. | | * North Backa
R * North Banat
8 * Middle Banat
. . . * Srem
* West Backa

Deceased

0-
200 250 300 350 400

New patients

Figure 16. Diabetes incidence and mortality rate ratio per 100,000 population from 2010 to 2019.
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K-mean:Diabetes (per 100,000)
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Figure 17. Identification of clusters during the diabetes analysis.

The first cluster clearly includes the values for the Srem County, and it obviously
deviates from all the remaining counties. If we take a look back at the table with the
data, we can notice that the number of the deceased from diabetes in the Srem County is
significantly higher than that in any other counties, although the number of new patients
in that county is not significantly higher than the number of new patients in other counties.
The second cluster comprises a few counties: the West Backa and Middle Banat Counties.
The West Backa County can particularly be set apart as, unlike the Srem County, it may
have a high number of newly diagnosed individuals with diabetes (types 1 and 2), but it
also has significantly fewer deceased patients.

Figure 18 represents identified patterns in the emerging hot spot analysis for the
debates incidence and mortality per 100,000 population in the researched area. In this
analysis, the West Backa and South Banat Counties have not demonstrated any trend in
the diabetes type 1 incidence rate, while the North Backa County was identified as a “new
cold spot” (decreasing trend) and the North Banat, South Backa, and Srem Counties were
identified as “oscillating cold spots” (decreasing trend). Apart from this, the Middle Banat
County was identified as an “oscillating hot spot” (increasing trend). Following this, the
North Banat and Srem Counties have not shown any trend in the diabetes type 2 incidence
rate, while all of the five other counties—West, North, and South Backa and Middle and
South Banat—were identified as “oscillating hot spots” (increasing trend). The North Backa
and Banat counties have not demonstrated any trend in the diabetes mortality rate, while
all of the five other counties—West and South Backa, Middle and South Banat, and Srem
were identified as “oscillating hot spots” (increasing trend).

From 2010 to 2019, the highest values of the incidence rates of both diabetes types
were recorded in the Middle Banat County, followed by the West Backa, North Banat, and
South Banat Counties (Figure 19a). The lowest value of the incidence rate in the course of
the analyzed period was registered in the Srem County.
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Figure 18. Identified patterns in the emerging hot spot analysis for the diabetes incidence/mortality
rates per 100,000 population in the province: (a) incidence rates for type 1 diabetes (b) incidence rates
for type 2 diabetes (c) mortality rates for both diabetes types.
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Figure 19. Geographical distribution of the diabetes incidence /mortality rates per 100,000 population in
the researched area from 2010 to 2019: (a) incidence rates for both diabetes types, (b) incidence rates for
type 1 diabetes, (c) incidence rates for type 2 diabetes, and (d) mortality rates for both diabetes types.
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Figure 19b clearly makes it visible that the highest value of the incidence rate of type
1 diabetes was recorded in the North Backa County, followed by North Banat, while the
county with the lowest incidence rate of type 1 diabetes was South Banat.

The incidence rate of type 2 diabetes during the studied period, from 2010 to 2020, is
also presented in Figure 19¢c. The highest incidence rate of type 2 diabetes was recorded in
Middle Banat, preceding the West Backa, North Banat, and South Banat Counties, while
Srem had the lowest value. The highest mortality rate of both diabetes types during the
analyzed period was registered in Srem, and it was followed by the North Banat and South
Banat Counties. The lowest mortality rate was recorded in the West Backa County, as can
be clearly seen in Figure 19d.

3.3. The Results of the Trends in Cardiovascular Diseases and Diabetes in the Researched Area

By means of the Mann—Kendall test, we calculated the trends in newly diagnosed
patients and those who are deceased from cardiovascular diseases and diabetes. Table 1
presents the parameters of the Mann—Kendall test for the abovementioned diseases where
one can clearly see the statistical reliability of each test.

Table 1. Parameters of the Mann—Kendall test for particular diseases in the researched area
(x—significance level, +& = 0.1, * « = 0.05, *** « = 0.001, /—mno significance; b—so called Sen’s slope).

Number of New Patients Number of the Deceased
Type of Disease
Z o b Z A b
Acute coronary syndrome —-2.02 * —0.0112 —3.89 i —0.643
Myocardial infarction —1.87 + —0.816 —3.74 i —0.690
Unstable angina pectoris —1.87 + —0.230 —0.63 / —1.000
Type 1 diabetes —2.23 * —1.833
—0.72 / —0.110
Type 2 diabetes 2.42 * 0.773

From Table 1 and Figure 20a, it can be concluded that, during the analyzed period, the
number of new patients with acute coronary syndrome declined, with the probability of
the model being 95%. Unlike the number of new patients, with the probability of 99.9%
one can claim that the number of the deceased from the disease in question is on the
decrease, as shown in Figure 20b. Figure 20c shows the number of the newly diagnosed
individuals with myocardial infarction with the overview of the number trend of new
patients. The number of the newly diagnosed individuals with the disease in question is
on the decrease, but with the test probability of 90%. Analyzing the aforementioned table
along with Figure 20d, one can claim with a high probability (99%) that the number of
patients deceased from myocardial infarction in the territory of the AP Vojvodina declined
during the assigned period. The number of new patients with unstable angina pectoris
along with the trend in the number of new patients during the period from 2010 to 2020
is shown in Figure 20e. It can be noted that the number of new patients with the disease
in question is on the decrease, but not with such a high reliability and probability, as can
be observed in Table 1. Figure 20f presents the trend in numbers of the deceased from
unstable angina pectoris in the period from 2010 to 2020. It can be noted that the number of
people who died from the abovementioned disease has a decreasing trend, but without any
statistical significance, as seen from Table 1.
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Figure 20. Results of the trends in the number of new patients and patients who died from cardiovas-
cular diseases during the period 2010 to 2020: (a) overview of the number of new patients with acute
coronary syndrome along with the trend line of the disease, (b) overview of the number of patients
who died from acute coronary syndrome with the mortality trend, (c) overview of the number of new
patients with myocardial infarction along with the trend in the number of new patients, (d) overview
of the number of patients who died from myocardial infarction and the mortality trend, (e) overview
of the number of new patients with unstable angina pectoris with the trend line of new patients, and
(f) overview of the number of patients who died from unstable angina pectoris with the mortality
trend line.

Analyzing the number of new patients and the number of the deceased from diabetes
in the researched area in the period from 2010 to 2019, one can say that the results seem
interesting, but without a high reliability of the test applied. Namely, if we observe the
number of new type 1 diabetes patients in the AP Vojvodina, then according to Table 1
and Figure 21c, we can claim with a probability of 95% that the number of new patients
is decreasing. According to the same table, one can also claim the number of new type 2
diabetes patients is on the rise. The trend growth of the number of new patients with both
diabetes types in the AP Vojvodina equals 73.5, whereas its value is 77.3 for the number of
new patients with type 2 diabetes. This case with different diabetes types can be explained
in the following way: the number of new type 1 diabetes patients does not account for a big
percentage in the total number of new patients with both diabetes types, i.e., the number of
new type 1 diabetes patients is lower than the number of new type 2 diabetes patients. The
number of the deceased is taken as an overall sum for the entire researched area for the
abovementioned reason and, in accordance with Figure 21b, we can notice that this number
is declining. However, according with Table 1, the previously mentioned test did not prove
to be statistically significant.
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Figure 21. Results of the trends showing the number of new patients and those deceased from
diabetes in the researched area: (a) overview of the number of new patients with both diabetes types
from 2010 to 2019, (b) overview of the number of people who died from both diabetes types from
2010 to 2019, (c) overview of the number of new patients with type 1 diabetes from 2010 to 2019,
(d) and overview of the number of new patients with type 2 diabetes from 2010 to 2019.

4. Discussion

This study has not dealt with the causes of the occurrence of noncommunicable dis-
eases (cardiovascular diseases and diabetes) but rather with identifying the most and least
burdened areas. Despite the fact that cluster analyses rarely prove fruitful in identifying
causation, they may—Ilike single case reports—have the potential to generate new knowl-
edge [80]. Growing public awareness of environmental hazards has led to an increased
demand for public health authorities to investigate geographical clustering of diseases [80].
Although such a cluster analysis is nearly always ineffective in identifying the causes of a
disease, it often has to be used to address public concern about environmental hazards [80].
With research studies of this kind, it is possible to research the areas where certain diseases
occur more intensively and thus identify their hot spots. By doing so, we can facilitate
carrying out additional spatial analyses in order to examine the causation of certain diseases
in different geographical environments.

In this research, hot spot analysis was used to identify more reliable trends. There were
certain discrepancies between the results of the classic cluster analysis and the hot spot
analysis, which was expected due to a well-known fact that a hot spot analysis provides
better results than a classic cluster analysis. The hot spot analysis is much more detailed,
and the results differ from this. It is important to note that certain limitations of this
procedure can be identified. Due to data scarcity (the data sets for this research were only
available for seven counties the AP Vojvodina ), the results obtained by the emerging hot
spot analysis (spatial pattern mining) tool are somewhat less significant due to the available
data resolution [81]. Due to this, it is not possible to identify hot spots with great statistical
significance in contrast to the performed cluster analysis.

The North Backa County is the one with the lowest cardiovascular diseases mortality
rate. This represents a positive instance of the approach to health, where we may see that
although there is the highest number of new patients with cardiovascular diseases, the
number of deceased is the lowest one in the province. Similarly, the fact that the West Backa
County was identified as the one with a higher number of people who died from unstable
angina pectoris and with a higher number of new patients with diabetes speaks volumes
on how serious the issue of the patients’ approach to health is in this county. It is possible
to notice that, in this case, the classic cluster analysis and the hot spot analysis showed
the same results, with the only difference being within the North Backa County, where the
classic cluster analysis showed a decreased mortality rate, and the hot spot analysis did
not identify any trends. The Srem County has a significantly higher number of individuals
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deceased from diabetes than any other county although its number of new patients is not
significantly higher than in other counties. Some of possible reasons could be the habit
of the Srem County population in not testing their sugar blood level and neither taking
precautions nor following therapeutic procedures to avoid certain medical complications
and mortality from diabetes.

According to the Demographic Statistics 2018 publication, issued by the Statistical
Office of the Republic of Serbia, the age structure of the researched area has changed
significantly since 1950 [82]. The median age in 1950 was 30.96 years and in 2018 it was
42.8 [82]. According to the Statistical Office of the Republic of Serbia online database in
2021, the median age in the researched area was 43.1 years and in the entire Republic of
Serbia it was 43.5 [83], which are both below the European average of 44.1 years, according
to the Eurostat website [84]. Only two counties were below the national average—the South
Backa County (41.5 years) and the North Backa County (43.3). In one county, the average
was the same as the national median age—in the South Banat County (43.5 years). All
of the four other counties had a median age above the national average—the West Backa
County (44.9), the North Banat County (44.1), the Middle Banat County (43.8), and the
Srem County (43.7) [83].

In 2019, life expectancy in Vojvodina for women was 77.9 years and for men it was
72.0 years. Every fifth person in Vojvodina is aged 65 or above (19.7%) [15]. The researched
area population belongs to the regressive type of the population, which is defined by a high
proportion of the older population and the small participation of young people, considering
that 41% of the population is aged 50 and only 14.4% of the population is below 15 [15].

In 2020, the highest number of new patients diagnosed with cardiovascular diseases
was recorded in the population aged 75 and above—1033 patients with myocardial infarc-
tion with a 749.0 incidence rate per 100,000 population, 188 patients with unstable angina
pectoris with a 136.3 incidence rate, and 1169 patients with acute coronary syndrome with
an 847.6 incidence rate [17]. The highest number of deceased patients with cardiovascular
diseases was also recorded in the population category aged 75 and over in the same year,
with 387 deceased from myocardial infarction and a 280.6 mortality rate per 100,000 popu-
lation, with 10 deceased from unstable angina pectoris and a 7.3 incidence rate, and with
397 deceased from the acute coronary syndrome and a 287.9 incidence rate [17].

In 2019, the highest number of patients newly diagnosed with type 2 diabetes was
recorded in the population aged from 65 to 69 (995 patients) and in the same category, the
incidence rate was 762.8 [14]. In the same year, the diabetes mortality rate was 138.4, when
382 patient deaths were recorded in patients aged 75 and above [14].

The study carried out by Maksimovic et al. (1999) showed that in the territory of the
AP Vojvodina, potable waters have a relatively low magnesium content and a medium
calcium content [5]. However, the sodium content in these waters is rather high, so further
examination of this subject matter is needed [5,85]. The research studies carried out by
Poloniecki et al. (1997) and Jevtic et al. (2014) reached the following conclusions: the
average daily concentration of NO; is connected with the hospital admission of patients
with cardiovascular diseases in the territory of Novi Sad [7,8]. The study carried out by
the Institute of Public Health of Vojvodina, which analyzed in 2017 the amount of salt in
meals prepared for preschool children, indicated that the amount of salt in all of the three
meals provided daily mostly exceeded the recommended daily intake [53]. Velicki (2017)
carried out a study on a sample of patients from the researched area who were diagnosed
with acute coronary syndrome and the results showed that consumption of certain food
types (fruit, vegetables, poultry meat, and olive oil) can contribute to reducing the risk of
the mentioned disease [6]. Likewise, consumption of red meat and processed meat food
increases the risk of acute coronary syndrome occurrence, which was also confirmed by
the aforementioned study [6]. Vorgucin et al. (2011) examined metabolic syndrome in
the AP Vojvodina and they came to the conclusion that obesity in the researched area is
correlated with metabolic syndrome occurrence [86], which poses a huge risk of diabetes
and cardiovascular diseases. Similarly, Radic (2016) in her research drew the conclusion
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that every fourth adult in Vojvodina is obese and every third person is pre-obese, which
also presents a high risk factor for the occurrence of the aforementioned diseases [87]. The
study by the title of “Research of the health of the population in Serbia in 2019” indicated
that, in the researched area, there was a significantly higher percentage of obese people
(25.4%) than in the overall territory of the Republic of Serbia, as people there use animal fat
and salty food more often and consume tobacco more [88].

Therefore, it is clear that the physical-geographical environment as well as the lifestyle
and approach to health can have an immense effect on the occurrence of the mentioned
diseases. It is thus necessary to conduct more thorough research in the burdened counties
in order to identify the risk factors from the environment and to determine the reasons for
the origins of the diseases in question.

This study should represent the basis for future research on the territory of the AP
Vojvodina in order to assess the findings from the aforementioned studies on the causative
agents of noncommunicable diseases in the affected areas. By identifying the hot spots
and causations, we would reduce the number of new patients and death from noncom-
municable diseases. As a result, the costs involved in treating these patients could be
reduced. A large number of patients allocate significant financial resources for diagnostics,
treatments, and therapeutic procedures so finances are quite often a limiting factor. Patients,
in practice, quite frequently neither go to regular checks nor do they go for diagnostic tests
due to a lack of money; therefore, these diseases are diagnosed too late when a lot of side
complications have also appeared. It is well known that in practice, diabetes often occurs
in patients suffering from cardiovascular diseases and the other way round, which indi-
cates the importance of prevention. Mortality from cardiovascular diseases and diabetes
can be considerably slowed down and reduced thanks to prevention measures, therapy
administration, and carrying out regular medical checks. Consequently, we should have a
bigger influence on taking prevention measures and protection from noncommunicable
diseases which would particularly be directed towards burdened categories.

As the results of the trend analyses have shown, the number of new patients and
the number of deceased from cardiovascular diseases is on the decrease, but when it
comes to the number of people who died from unstable angina pectoris, the test did not
exhibit statistical significance. In addition, the number of people who died from diabetes is
declining, but the test showed no statistical significance. It is notable that the numbers of
new patients and those who died from cardiovascular diseases have been significantly lower
since the outbreak of the COVID-19 pandemic. This can be explained by an assumption
that a certain number of the deceased from noncommunicable diseases were categorized as
those who died from COVID-19, since these diseases also contributed to their death. For all
of the listed reasons, one may wonder if the number of the deceased from the diseases in
question has truly dropped or the reduction in numbers is linked to some records and the
categorization of mortality into other disease categories.

Due to lack of publicly available statistics on the number of new patients and those
deceased from other noncommunicable diseases for a rather long time as well as due
to data inconsistency, this research has been carried out with a focus on cardiovascular
diseases and diabetes. What can be emphasized as a burdening factor is the impossibility
of accessing certain data owned by some institutions. In addition, life and work conditions
during the COVID-19 pandemic influenced the abilities of some institutions to deliver the
requested data.

A suggestion of the study is to make statistical data on noncommunicable diseases
available at the level of settlements and municipalities, so that one can carry out a more-
detailed geographical analysis of a disease. It is necessary for experts in various fields to
take part in analyses of noncommunicable diseases, where they would examine disease cau-
sations together rather than separately. As a result, the health conditions of the population
of the AP Vojvodina would be significantly improved.

The health care institutions in the researched area should put more effort in improving
the measures of psychological support offered to patients affected by noncommunicable
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diseases. Both medical and non-medical staff should be actively involved in providing
measures of psychological support. Open communication raises hope and helps patients
find strength when facing a tough situation and it simultaneously confirms that the disease
has not disabled them nor excluded them from everyday life [89]. By the same token,
implementing the measures of psychological support should also be directed towards
patients’ families who, along with medical and non-medical staff, should take an active
part in taking these measures.

By adopting a healthy lifestyle and a right approach to people’s health, it is possible
to improve general health conditions and reduce the occurrence of noncommunicable
diseases [90].

5. Conclusions

This study represents a pioneer study in Serbia which used the Getis—Ord Gi* statistic
within the emerging hot spot analysis (space time pattern mining) tool and cluster analysis
for the purpose of identifying “hot spots” and “colds pots”of noncommunicable diseases
(cardiovascular diseases and diabetes). As presented in this research, noncommunicable
diseases (cardiovascular diseases and diabetes) prevail in the pathology of diseases of
the population of the AP Vojvodina. This study has cast light on the geographic medical
overview of the diseases in question and identified both the most and the least burdened
counties within the researched area.

By means of the obtained results of the calculated trends, it is possible to track and
follow a disease trend within a specific population and to predict the further course of the
disease. Consequently, the population’s health conditions can be maintained and improved.
Similarly, there can be an effect on implementing the health policy measures, and it can
be evaluated whether the health policy in a particular area is adequate or whether it is
necessary to carry out certain modifications to the policy in accordance with the needs of
the population in a certain region. By identifying the disease hot spots/cold spots and
by estimating their tendencies, one can also take part in developing suitable strategies for
protecting both health and the environment. Not only can research in this field contribute
to the improvement of health management in a specific area but it can also influence the
improvement of the overall health care system not only in the AP Vojvodina, but also in the
Republic of Serbia and some other neighboring countries.
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Appendix A

Table A1. Number of new patients and patients who died from acute coronary syndrome in the researched area.

Acute Coronary Syndrome Acute Coronary Syndrome
New Patients Mortality New Patients Mortality
Year Province/County Number Year Province/County Number
Number Per of Per Number Per of Per
100,000 Deceased 100,000 100,000 Deceased 100,000
Vojvodina 5594 285.8 1744 89.1 Vojvodina 4974 264.4 1088 58.2
South Backa 1708 280.6 546 89.7 Soth Backa 1426 231 294 47.6
South Banat 777 260.4 234 784 South Banat 778 274.6 157 55.4
2010 North Backa 429 224.7 158 82.8 2016 North Backa 646 356.2 83 45.8
North Banat 621 408.6 175 115.1 North Banat 548 391.6 126 90
Middle Banat 757 396.3 258 135.1 Middle Banat 531 296.7 138 77.1
Srem 752 232.7 226 69.9 Srem 638 210.6 144 47.5
West Backa 550 284.5 147 76 West Backa 407 229.3 146 82.3
Vojvodina 5839 300.1 1548 79.6 Vojvodina 4099 219 1038 55.5
South Backa 1595 261.7 497 81.6 South Backa 1426 230.8 289 46.8
South Banat 970 328 187 63.2 South Banat 743 264.2 143 50.9
2011 North Backa 496 261.6 121 63.8 2017 North Backa 646 358.2 54 29.9
North Banat 560 372.7 163 108.5 North Bnaat 548 396 119 86
Middle Banat 705 373 187 98.9 Middle Banat 531 299.5 100 56.4
Srem 851 265.3 209 65.2 Srem 638 212 193 64.1
West Backa 662 346.5 184 96.3 West Backa 407 232.1 140 79.8
Vojvodina 5313 276.4 1457 75.8 Vojvodina 4781 256.8 969 52
South Backa 1454 236.2 461 749 South Backa 1406 2274 284 459
South Banat 780 267.4 177 60.7 South Banat 849 304 122 43.7
2012 North Backa 542 291.7 89 479 2018 North Backa 493 274.8 70 39
North Banat 521 356.2 134 91.6 North Banat 391 285.6 97 70.8
Middle Banat 688 369.9 169 90.9 Middle Banat 486 276.7 107 60.9
Srem 753 242.6 283 91.2 Srem 775 259.1 166 55.5
West Backa 575 308.8 144 77.3 West Backa 381 220 123 71
Vojvodina 4736 249,6 1241 64.9 Vojvodina 5039 272.1 1034 55.8
South Backa 1443 237 387 62.8 South Backa 1311 2119 287 46.4
South Banat 850 295.3 140 48.3 South Banat 1032 372 137 49.4
2013 North Backa 561 306.65 109 59 2019 North Backa 449 251.8 68 38.1
North Banat 411 285.7 118 81.6 North Banat 489 361 129 95.2
Middle Banat 527 287 150 814 Middle Banat 449 258.2 119 68.4
Srem 522 169.95 201 65.2 Srem 776 261.1 205 69
West Backa 422 230.9 136 739 West Backa 533 311.6 89 52
Vojvodina 5368 282.2 1213 62.2 Vojvodina 4421 240.2 973 52.9
South Backa 1479 240 344 55.8 South Backa 1149 185.7 288 46.6
South Banat 833 289.5 174 60.5 South Banat 732 265.9 136 49.4
2014 North Backa 514 279.9 109 59.4 2020 North Backa 664 375 81 45.8
North Banat 537 375.1 119 83.1 North Banat 400 295.5 124 92.6
Middle Banat 771 422.3 179 98.1 Middle Banat 361 209.9 101 58.7
Srem 711 231.8 174 56.7 Srem 695 2355 154 52.2

West Backa 523 287.7 114 62.7 West Backa 420 248.8 89 52.7
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Table Al. Cont.

Acute Coronary Syndrome Acute Coronary Syndrome
New Patients Mortality New Patients Mortality
Y i Y i
ear Province/County Number ear Province/County Number
Number Per of Per Number Per of Per
100,000 100,000 100,000 100,000
Deceased Deceased
Vojvodina 5502 290.8 1206 64.,15
South Backa 1510 2448 364 59
South Banat 880 308.1 168 58.8
2015 North Backa 674 369.4 109 59.7
North Banat 527 372.1 121 85.4
Middle Banat 628 3474 121 66.9
Srem 799 262.2 204 66.9
West Backa 484 296.4 119 66.2

Source: Analysis by the authors on the basis of the publications [17,24-33].

Table A2. Number of newly diagnosed and deceased patients, as well as the incidence and mortality
rates from myocardial infarction and unstable angina pectoris.

Myocardial Infarction Unstable Angina Pectoris
Year Province/County New Patients Mortality New Patients Mortality
Number Per Number of Per Number Per Number of Per
100,000 Deceased 100,000 100,000 Deceased 100,000
Vojvodina 4773 243.8 1694 86.5 821 41.9 50 2.6
South Backa 1518 249.4 536 88.1 190 31.2 10 1.6
South Banat 714 239.3 233 78.1 63 21.1 1 0.3
2010 North Backa 359 188 155 81.2 70 36.7 3 1.6
North Bnaat 421 277 172 113.2 200 131.6 3 2
Middle Banat 647 338.7 257 134.5 110 57.6 1 0.5
Srem 665 205.8 209 64.7 87 26.9 17 5.3
West Backa 449 232.2 132 68.3 101 522 15 7.8
Vojvodina 4986 256.2 1502 77.2 853 43.8 46 2.4
South Backa 1415 2322 485 79.6 180 29.5 12 2
South Banat 881 297.9 186 62.9 89 30.1 1 0.3
2011 North Backa 375 197.7 116 61.2 121 63.8 5 2.6
North Banat 413 274.8 163 108.5 147 97.8 0 0
Middle Banat 589 311.6 181 95.8 116 61.4 6 3.2
Srem 766 238.8 205 63.9 85 26.5 4 1.2

West Backa 547 286.3 166 86.9 115 60.2 18 94
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Table A2. Cont.
Myocardial Infarction Unstable Angina Pectoris
Year Province/County New Patients Mortality New Patients
Number Per Number of Per Number Per Number of Per
100,000 Deceased 100,000 100,000 Deceased 100,000

Vojvodina 4354 226.5 1429 74.3 959 49.9 28 1.5
South Backa 1301 211.3 454 73.7 153 249 7 1.1

South Banat 713 244.4 174 59.7 67 23 3 1

2012 North Backa 251 135.1 89 479 291 156.6 0 0
North Banat 387 264.6 130 88.9 134 91.6 4 2.7
Middle Banat 546 293.5 168 90.3 142 76.3 1 0.5
Srem 675 217.4 281 90.5 78 25.1 2 0.6
West Backa 481 258.3 133 71.4 94 50.5 11 59
Vojvodina 3981 208.2 1219 63.8 755 39.5 22 1.2
South Backa 1296 210.4 383 62.2 147 239 4 0.6
South Banat 785 270.9 139 48 65 224 1 0.3

2013 North Backa 396 214.3 109 59 165 89.3 0 0
North Banat 284 196.3 112 77.4 127 87.8 1 0.5
Middle Banat 397 2154 149 80.8 130 70.5 1 0.5
Srem 461 149.4 193 62.6 61 19.8 8 2.6
West Backa 362 196.8 134 72.8 60 32.6 2 1.1
Vojvodina 4507 237 1190 62.6 861 453 23 1.2
South Backa 1258 204.1 337 54.7 221 35.9 7 1.1

South Banat 771 268 171 59.4 62 21.5 3 1
2014 North Backa 419 228.2 105 57.2 95 51.7 4 2.2
North Banat 386 269.7 117 81.7 151 105.5 2 14
Middle Banat 599 328.1 178 97.5 172 94.2 1 0.5

Srem 632 206.1 171 55.8 779 25.8 3 1
West Backa 442 243.2 111 61.1 81 44.6 3 1.7
Vojvodina 4699 246.8 1186 63.1 833 44 20 1.1
South Backa 1329 215.5 360 58.9 181 29.3 4 0.6
South Banat 836 292.7 164 57.5 44 154 4 14
2015 North Backa 443 242.8 107 59.3 231 126.6 2 1.1
North Banat 380 268.3 119 84.6 147 103.8 2 14

Middle Banat 552 305.4 121 67.4 76 42 0 0
Srem 736 241.4 199 65.5 63 20.7 5 1.6
West Backa 393 218.8 116 64.9 91 50.7 3 1.7
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Table A2. Cont.

Myocardial Infarction

Unstable Angina Pectoris

Year Province/County New Patients Mortality New Patients
Number Per Number of Per Number Per Number of Per
100,000 Deceased 100,000 100,000 Deceased 100,000

Vojvodina 4248 225.8 1057 56.2 726 38.6 31 1.6
South Backa 1325 214.6 289 46.8 101 l6.4 5 0.8

South Banat 749 264.3 157 55.4 29 10.2 0 0
2016 North Backa 397 218.9 79 43.6 249 137.3 4 2.2
North Banat 372 265.8 124 88.6 176 125.8 2 14
Middle Banat 471 263.1 137 76.5 60 33.5 1 0.6

Srem 596 196.7 141 46.5 42 13.9 3 1

West Backa 338 190.4 130 73.2 69 38.9 16 9
Vojvodina 3446 184.1 1004 53.6 653 34.9 34 1.8
South Backa 1281 207.3 284 46 85 13.8 5 0.8
South Banat 609 216.6 140 49.8 134 47.7 3 1.1
2017 North Backa 257 142.5 53 29.4 211 117 1 0.6
North Banat 360 260.2 118 85.3 86 62.2 1 0.7
Middle Banat 189 106.6 98 55.3 54 30.5 2 1.1
Srem 561 186.4 191 63.5 62 20.6 2 0.7
West Backa 189 107.8 120 68.4 21 12 20 114
Vojvodina 4269 229.3 919 53.6 512 27.5 50 2.7
South Backa 1294 209.3 96 85.3 112 18.1 22 3.6
South Banat 786 281.4 262 46 63 22.6 1 0.4
2018 North Backa 431 240.3 68 29.4 62 34.6 2 1.1
North Banat 302 220.6 96 85.3 89 65 1 0.7
Middle Banat 459 261.4 106 55.3 27 154 1 0.6
Srem 677 226.4 156 63.5 98 32.8 10 33
West Backa 320 184.7 110 49.8 61 35.2 13 7.5
Vojvodina 4333 234 1.,011 54.6 706 38.1 23 1.2
South Backa 1213 196 282 45.6 98 15.8 5 0.8

South Banat 902 325.2 137 49.4 130 46.9 0 0
2019 North Backa 344 192.9 66 37 105 58.9 2 1.1
North Banat 402 296.8 126 93 87 64.2 3 22

Middle Banat 344 197.8 119 68.4 105 60.4 0 0
Srem 669 225.1 200 67.3 107 36 5 1.7
West Backa 459 268.3 81 474 74 43.3 8 4.7
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Table A2. Cont.

Myocardial Infarction Unstable Angina Pectoris
. New Patients Mortality New Patients Mortality
Year Province/County
Number Per Number of Per Number Per Number of Per
100,000 Deceased 100,000 100,000 Deceased 100,000
Vojvodina 3848 209 950 51.6 775 421 23 1.2
South Backa 1090 176.2 286 46.2 77 124 2 0.3
South Banat 695 230.7 134 48.7 59 214 2 0.7
2020 North Backa 472 266.6 80 452 192 108.4 1 0.6
North Banat 318 234.9 122 90.1 71 52.5 2 1.5
Middle Banat 276 160.5 101 58.7 38 22.1 0 0
Srem 627 212.4 152 51.5 68 23 2 0.7
West Backa 430 254.7 75 444 270 159.9 14 8.3
Source: Analysis by the authors based on the publications [17,24-33].
Table A3. Number of new patients suffering from type 1 and 2 diabetes, incidence rates, number of
deceased, and mortality rates.
Diabetes Type 1 Diabetes Type 2 Diabetes Type 1 Diabetes Type 2
Mortality (Both Types) Mortality (Both Types)
Y New Patients New Patients New Patients New Patients
ear  County Year  County
Per Per Number of Per Per Per Number of Per
Number 159999 ~ Number 1455600  Deceased 100,000 Number 159909 ~ Number 3455600  Deceased 100,000
South South
Pouth 19 87 119 196.5 94 154 pouth 32 15.4 1567 254.1 223 362
South South
ot 12 114 689 230.9 91 305 ot 5 55 963 3372 143 50.1
North 17 262 540 282.8 37 194 North 7 122 459 2515 84 46
Backa Backa
2010 2015
North North
Borth 6 11.7 401 263.8 73 48 Borth 6 137 495 3495 100 70.6
Middle 8 124 598 313 2 126 Middle 2 35 579 3203 83 459
Banat Banat
Srem 13 113 833 257.7 94 29.1 Srem 9 94 735 241.1 271 88.9
West West
Bt 6 95 410 212.1 6 3,1 By 8 149 565 3145 31 173
South 29 134 1299 2132 79 13 South 2 126 1661 269.1 196 317
Backa Backa
South South
pouth 17 16.4 617 208.6 51 17.2 ot 12 135 956 3374 131 462
North 15 25 561 2058 48 253 North 11 194 450 2482 61 336
Backa Backa
2011 2016
North North
Bort 8 16 457 304.1 56 37.3 Barth 8 18.6 454 3244 99 70.7
Middle Middle
- 6 95 542 286.8 20 106 S 6 107 557 3112 97 542
Srem 10 8.8 896 279.4 99 30.9 Srem 7 74 628 207.3 255 84.2
West West
By 7 113 435 277 8 42 By 11 20.9 609 343.1 35 19.7
South 21 9.8 1455 236.3 87 14.5 South 13 8.8 1565 253.3 202 327
Backa Backa
South 1 126 927 317.8 59 202 South 7 114 977 347.4 148 526
Banat Banat
North North
Bt 9 149 525 2825 39 21 Bt 6 19.6 493 2734 58 322
2012 2017
North 5 107 384 2625 12 335 North 5 166 433 312.9 101 73
Banat Banat
Middle Middle
- 14 233 592 3183 19 10.2 - 3 10.9 644 3632 79 46
Srem 10 9.9 662 213.3 53 17.1 Srem 6 11.8 563 187.1 267 88.7
West West
Bactn 10 17.4 503 2702 6 32 el 2 39 623 355.3 41 234
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Table A3. Cont.

Diabetes Type 1 Diabetes Type 2 Diabetes Type 1 Diabetes Type 2
Mortality (Both Types) Mortality (Both Types)
New Patients New Patients New Patients New Patients
Year  County Year  County
Per Per Number of Per Per Per Number of Per
Number 15099  Number 450600 Deceased 100,000 Number 15099 ~ Number 45,600 Deceased 100,000
South 2 123 1631 264.7 74 12 South 24 119 1624 262.6 176 285
Backa Backa
South South
pouth 7 75 926 3196 80 27.6 pouth 7 8.1 989 354.1 126 451
North 8 135 508 275 36 19.5 North 9 163 555 309.4 75 418
Backa Backa
2013 2018
North North
Boreh 7 15.3 413 2855 56 38.7 Borth 6 145 447 3265 83 60.6
Middle Middle
- 13 2 598 3245 23 125 - 8 148 591 336.5 88 50.1
Srem 12 12.1 741 2402 51 16.5 Srem 8 87 673 225 198 66.2
West West
o 8 14.2 467 253.8 10 54 Bache 10 19.9 687 396.6 38 21.9
South 24 115 1734 2813 73 11.8 South 23 11.4 1538 2485 166 26.8
Backa Backa
South 10 109 934 3246 54 188 South 10 117 920 3317 80 288
Banat Banat
North North
Bonih 5 8.6 517 281.6 42 229 Bonth 5 9.1 402 255 66 37
2014 2019
North 5 112 421 2041 48 335 North 6 147 465 3433 77 56.8
Banat Banat
Middle Middle
- 8 13.8 535 293.1 8 44 adi 10 18.8 633 364.1 76 437
Srem 17 17.5 836 272.6 63 205 Srem 14 15.5 713 239.9 163 54.8
West West
et 9 16.4 539 296.5 17 94 et 2 41 692 404.6 53 31
Source: Analysis by the authors on the basis of publications [14,55-63].
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