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Abstract: The main objective of this article is to monitor the development of the number of occupa-
tional diseases related to selected physical factors in the working environment (noise, vibration and
dust). Each region of Slovakia has its own specific social and economic conditions. Due to the exis-
tence of a strong correlation between the several regional variables observed, principal component
analysis (PCA) was used to determine the new variables. Cluster analysis was used to group regions
with similar characteristics. A dendrogram was created using the average linkage method, which
illustrated the similarity of the regions studied. The value of the cophenetic correlation coefficient
(CC =0.90) confirms the validity of the average linkage method. The result of the cluster analysis is
the grouping of the eight regions into five homogenic groups (clusters). An analysis of the data shows
that Slovakia’s regional differences significantly influence the incidence of occupational diseases in
individual regions. It is shown that, in Slovakia, the development of the number of occupational
diseases has seen a favourable trend in the long term.

Keywords: occupational diseases; physical factors; cluster analysis; Slovakia

1. Introduction

The overall health of a population that supports itself mainly through manual work is
affected by a range of unfavourable workplace risks involving multiple physical factors.
Long-standing efforts and the gathering of scientific evidence in the area of health and
safety overwhelmingly confirmed what many experts have long assumed: that risk factors
in the workplace can contribute to health problems that were previously considered to be
unrelated to work.

The development of occupational diseases was monitored and evaluated by a large
number of authors [1-9]. In their articles, they presented retrospective studies that analysed
the structure, causes, occurrence and trends in the development of occupational diseases
over a certain period of time in a given country. Carder et al. (2015) [10] published an
overview of occupational disease reporting systems in EU (European Union) countries
participating in the Modernet consortium. The evaluation of occupational diseases in
the EU was studied by Nikolson [11]. The global burden of occupational diseases was
covered by Lesley Rushton [12]. Howard (2017) [13], for the journal Occupational Medicine,
stated that “the occupational health and safety issues facing employers, workers, medical
practitioners and researchers in the USA are numerous”. Moyo et al. (2015) [14] state
that occupational medicine is a completely new discipline in Africa. In most developing
countries around the world, there is generally an acute shortage of doctors and OHS
services. Pittosova et al. (2021) [15] compiled a detailed chronological overview of the
literature on the development of occupational diseases and the historical development of
the ILO.
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This article is focused on the analysis of occupational diseases related to physical
factors whose long-term action can have harmful health effects. The aim of this article is to
analyse occupational diseases in Slovakia over the last 23 years. In particular, the data on
reported/recognised diseases (Item 28, Item 29, Item 38, and Items 33-34) were directly
related to the exposure to four risk factors: noise; vibration; dust; and long-term, one-sided
load were taken into account. These risk factors are the factors with the greatest impact on
human health. The article provides a detailed analysis of the incidence of the number of
occupational diseases using four basic indicators (gender, age, economic sector and region).
The number of diseases reported/declared appears to be largely influenced by regional
characteristics and differences. For this reason, an analysis of the regional incidence of the
number of occupational diseases is also performed through principal component analysis
(PCA) and cluster analysis.

2. Some Important Occupational Diseases

Noise, an unwanted factor in the working environment, is one of the most important
bionegative factors in the environment of a person living in civilization. Noise-related
hearing loss ranks third in the global ranking of occupational diseases and can cause
physiological and psychological disorders. Fosbroke (1831) [16-18] examined “blacksmith’s
deafness”, which he attributed to the long-term exposure to loud noises in blacksmiths’
workshops. Fosbroke J. was the first to point out that the onset of “deafness” due to
noise exposure is a gradual rather than a sudden process. Currently, the most common
definition is “Noise is unwanted sound” most likely introduced in 1932 by Sabine [19].
Daniel Fink (2019) argued that it was imperative that we reflect on the new definition of
noise for the current age, as the phrase “noise is unwanted sound” or “noise is undesired
sound” only suggests that noise is merely an inconvenience and ignores the modern
knowledge on the subject. Therefore, Fink proposed a new definition of noise: “Noise is
unwanted and/or harmful sound” [20]. There is no doubt about the harmful effects of
noise on hearing. However, individuals of the same age and gender, who work in the same
environment at the same time, do not always have the same results from an audiological
hearing examination. There is a large individual variation in sensitivity to noise-caused
hearing loss. A number of factors that may affect hearing loss are known, for example
race, gender, age [21,22], smoking [23,24], hypersensitivity to noise [25], previous noise
exposure [26,27], hypertension [28], synergistic effects [29], and others. An important step
in assessing the effects of noise is also proposing measures to reduce it; Moravec et al. (2017,
2021) [30,31]. Employees who are exposed to hand and arm vibrations are also exposed to
high noise levels. Pyykko et al. (1981) [32] was the first to suggest that saw operators, in
whom VWEF (Vibration White Finger) disease is indicated, may develop greater hearing
loss than men without VWF indication. Iki et al. (1986, 1994) [33,34], Bovenzi (2006) [35],
House et al. (2010) [36], Pettersson et al. (2014) [37], Turcot et al. (2015) [38], supported the
hypothesis that VWF increases the risk of hearing loss in those workers using handheld
vibration tools.

Exposure to noise at work may cause irreversible damage to hearing. Occupational
noise-induced hearing loss (NIHL) is the most common health problem in the world and is
difficult to detect as the effects build up over time. The World Health Organization warns
that by 2050, nearly 2.5 billion people worldwide, or 1 in 4 people, will be living with a
certain degree of hearing loss [39]. The National Institutes of Health (NIH) reports that
between 16% and 24% of workers in the world will suffer hearing damage due to high
noise levels. According to the Health and Safety Executive (HSE), about 17,000 workers
in the UK suffer from deafness, tinnitus or other ear diseases due to excessive noise at
work [40]. Chen et al. (2020) [41] produced an extensive review of noise-related hearing
loss among workers, stating that the burden associated with occupational noise varies
from 11.2% (South African gold miners) to 58% (American construction workers). Noise
prevention programs are an important preventive measure in reducing the morbidity of
NIHL among workers.
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Exposure to vibration is associated with an unpleasant subjective sensation of discom-
fort, with general fatigue of the body resulting in reduced attention, slowed and impaired
perception, and a decrease in motivation and work performance. Vibrations are a frequent
risk in the industry, which we were unable to eliminate over a long period. Raynaud’s
phenomenon was first described by the son of a Parisian university professor, Maurice
Auguste Gabriel Raynaud (1881, French doctor and writer) in 1862 [42]. At the beginning
of the 20th century (1911), the Italian doctor Loriga [43] described for the first time the
occurrence of tingling, numbness and whitening of the fingers of the hands in stonework-
ers and carvers who used a pneumatic hammer without a handle. It is known that some
working tools and devices produce vibrations that, after a certain period of time, cause
cumulative traumatic disorders, which eventually lead to conditions such as Vibration
White Finger on the hands and feet [44], Raynaud’s disease [45], parasthesia [46,47], carpal
tunnel syndrome [48], back and neck pain [49,50], headache and dizziness [51], indigestion,
and other problems.

The health conditions caused by vibrations manifest themselves slowly. In the begin-
ning, it usually begins with pain. If exposure to vibration continues, pain may develop
into injury or illness. It is estimated that around 400,000 Swedish workers are exposed
to vibrations for more than 2 h per working day [52]. According to Britain’s HSE, up to
2 million people are at risk from hand-arm vibration. Eurofound, based on the European
Working Conditions Surveys (EWCS-2015), reported that in Europe, 33% of men and 10% of
women are regularly exposed to vibration, a total of 48.6 million workers [53,54]. In the U.S.
(2016), the incidence rate of accidents and occupational diseases was about 23% (774,900)
for transportation, warehousing and utilities workers. All workers in these jobs were most
likely exposed to both HTV (hand-transmitted vibration) and WBV (whole body vibration).
This is also the case for agriculture, forestry and fisheries (15.25%), construction (0.3%),
mining (5.8%), and for 12.5% of the people employed in the manufacturing sector [55].

Dust in the workplace is one of the single biggest issues in health and safety and can
be a problem in any industry. In the UK, up to 500 construction workers die every year as a
result of exposure to silica dust. The HSE’s chief inspector of construction, Sarah Jardine,
said: “Around 100 times as many workers die from illnesses caused or made worse by their
work than are actually killed in construction accidents” [56]. In early 2019, Cecil E. Roberts,
President of the United Mine Workers of America (UMWA) called for changes to the
regulation of silica dust in mines and called for stricter standards for working conditions.
The U.S. Department of Labor (DOL) reports that about 2.3 million individuals in the U.S.
are exposed to silica at work [57]. Despite the growing demand for alternative energy
sources, coal is still an important source of energy worldwide. Beer Ch. et al. (2017) [58]
stated that 30% of global energy needs are covered by the coal that produces 41% of the
world’s electricity. Based on statistics from the International Energy Agency (IEA) [59], the
total world coal production in 2019 was 7.921 Mt, an increase of 12.03% compared to 2009,
indicating an increasing demand for coal. Annual consumption stands at 5406.9 Mt.

Ramazzini (1700) [60] described nose and eye irritation in pit sawyers and headaches
in lumberjacks and was the first to report the adverse effects of wood dust on health. He
went on to describe a peculiar form of asthma in those who processed cotton, flax and hemp.
He said the dust he observed in their preparation “causes workers to cough constantly.”
Exposure to dust increases the prevalence of respiratory diseases such as extrinsic allergic
alveolitis [61,62], asthma symptoms [63,64], chronic bronchitis [65], organic dust toxic
syndrome [66], chronic obstructive pulmonary disease [67,68], and the incidence of cancer
is increased [69,70].

Musculoskeletal disorders that were shown or believed to be partially caused in the
workplace were defined as Work-Related Musculoskeletal Disorders (MSDs) [71]. They
affect a large number of people, regardless of gender, and tend to lead to long and serious
disabilities. In its report, the Healthy Workplaces Campaign 202022, the European Agency
for Occupational Health and Safety (EU-OSHA) [72] stated that up to 60% of all workers
with a work-related health problem identified MSDs as their most serious problem. The
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main causes of these disorders are excessive stress and repeated movement. According to a
report by the U.S. Bureau of Labor Statistics, musculoskeletal incidence rates represented as
much as 30% of all cases of injuries and illnesses, with the incidence found to be 27.2 cases
per 10,000 workers [73]. The Global Burden of Disease (2020) study, led by Ciez, showed
that around 1.71 billion people worldwide have musculoskeletal problems [74].

The severity of these factors stems from the fact that they usually affect large popula-
tion groups, and, since the health consequences are not clear immediately after exposure,
they are underestimated by the public.

3. Materials and Methods
3.1. Data Sources

The evaluation of the development of the incidence of occupational diseases in Slo-
vakia in the period 1997-2019 was based on data documented by the National Health
information Centre (NHIC), which belongs to the Ministry of Health of the Slovak Republic.
The status and tasks of the NHIC are regulated by Act no. 153/2013 on the National Health
Information System. As part of its activities, NHIC cooperates with institutions such as the
Statistical Office of the Slovak Republic, the Office for Health Care Supervision, the Public
Health Authority, the State Institute for Drug Control, the institutes of the Slovak Academy
of Sciences, healthcare providers, healthcare professionals and staff organizations, health
insurance companies, and medical faculties. At the international level, NHIC cooperates
with the World Health Organization (WHO), Organization for Economic Co-operation and
Development (OECD) and EUROSTAT.

Data from databases were used for analysis, which can be accessed on the website of
the Statistical Office of the Slovak Republic, https://Slovak.statistics.sk/STATdat (accessed
on 6 July 2021), DATAcube. Their use and free dissemination are regulated by the Creative
Commons Attribution License (cc-by) 4.0.

3.2. Slovakia

Slovakia (the Slovak Republic, capital city: Bratislava) is a landlocked country in
Central Europe that has been part of the European Union since 2004. Approximately
5.45 million inhabitants live in Slovakia, which has a total area of 49,035 km?.

Slovakia currently has 8 regions (Bratislava region SK-BL, Trnava region SK-TA, Nitra
region SK-NI, Tren¢in region SK-TC, Zilina region SK-ZI, Banska Bystrica region SK-BC,
PreSov region SK-PV, and Kosice region SK-KI), 79 districts, 140 towns and 2933 municipal-
ities (Figure 1).
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Figure 1. Slovakia and regions of Slovakia (Base https://maproom.net/; © Can Stock Photo
Inc./(tele52), accessed on 22 May 2021).
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The Bratislava region (SK-BL) is the most developed region in Slovakia and differs
significantly from other regions. Other regions, particularly those in Eastern Slovakia
(PreSov region SK-PV, Kosice region SK-KI), lag far behind the Bratislava region.

The Zilina region (SK-ZI) is one of the most industrially oriented regions. The Trnava
region (SK-TA) benefits from its geographical proximity to the developing Bratislava region.
The Tren¢in region (SK-TC) is one of the most industrial regions in Slovakia. The Nitra
region (SK-NI) is the most developed agricultural region in terms of agricultural area (more
than 74% of the region’s area) and the productivity of local agricultural production. The
Banska Bystrica region (SK-BC) is a relatively less developed region, with agricultural and
food production mainly concentrated in its southern part.

The Kosice region (SK-KI) is a relatively developed region in economic terms with
the metallurgical, mechanical, electrotechnical and food industries at the heart of it. The
PreSov region (SK-PV) is a less developed region with a long-standing high unemployment
rate and significant economic and social disparities compared to other regions.

When monitoring the differences in the regions of Slovakia in terms of the numbers
of occupational diseases, we took into account several other input variables: region size,
population of the region, average age, working age population, unemployment rate, popu-
lation working in selected sectors of economic activity (agriculture and forestry, mining
and quarrying, industrial production, construction, other sectors).

The values of the selected variables in individual regions of Slovakia for 2020 are
shown in Table 1.

Table 1. Selected characteristics of the regions of Slovakia.

Population (in Thousands) Average Age  Unemployment

Region Area (km?)

Overall Working Age (Year) (%)
SK-BL 2052.6 673.3 354.5 41.0 3.4
SK-TA 4146.3 565.1 288.4 42.2 5.0
SK-TC 4501.8 583.6 293.5 43.0 3.9
SK-NI 6343.8 676.9 336.0 43.0 5.2
SK-Z1 6808.5 691.3 341.6 40.8 55
SK-BB 6454.0 641.2 326.9 42.2 7.9
SK-PV 8972.8 826.6 399.3 39.1 12.1
SK-KI 6754.3 801.8 372.1 399 8.8

3.3. Statistical Evaluation Methods

We based the assessment of the incidence of occupational diseases in Slovakia on the
period 1997-2019, using the data documented by the National Centre of Health Information
(NCHI), which is under the Ministry of Health of the Slovak Republic.

Basic statistical methods were used to analyse the incidence of the number of occupa-
tional diseases in Slovakia. In the case of the regional comparison of the development of the
number of diseases, principal component analysis (PCA) and cluster analysis were used.

Principal Component Analysis (PCA) is one of the methods of multidimensional
analysis. In particular, the aim of the method is to reduce the number of inputs and
dependent (correlated) variables with the least possible loss of information. The new latent
variables, the principal components, are independent of each other and represent a linear
combination of the original variables. Each principal component is characterized by a
degree of variability. The first principal component describes the greatest variability of the
original values. Other principal components always contribute to variability by a smaller
proportion. An adequate number of principal components can be determined using several
methods. In practice, the Kaiser-Guttman rule applies, which takes into account all custom
values (eigenvalues) greater than 1. Another rule recommends considering only those
principal components that explain 70% to 90% of cumulative variance [75].

Cluster analysis is one of the multidimensional statistical methods that examines the
similarity of multidimensional structures and the classification of structures into homo-
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geneous groups—or clusters [76,77]. Information on similarity is obtained using different
metrics of estimating the distance between two structures (e.g., Euclidian distance). Hierar-
chical and non-hierarchical methods are distinguished based on the method of obtaining
homogeneous groups. Hierarchical clustering methods are based on a gradual grouping
of structures, from the most similar to the most varied. There are several methods of
hierarchical clustering (e.g., closest neighbour method, furthest neighbour method, average
join method, Ward method, etc.). The graphical representation of hierarchical clustering is
a tree—a dendrogram. A cophenetic correlation coefficient, CC, may be used to determine
the best clustering method. The highest value of the cophenetic correlation coefficient
determines the best method of clustering. The closer its value to 1, the more advantageous
is the hierarchical cluster method used to express the structure of the analysed data. All of
the results of the cluster analysis were obtained using the R package program.

4. Results and Discussion

The research focused on selected items (diseases) from the list of occupational diseases
in Slovakia that are directly related to physical factors in the working environment, known
as (sd-PF). These are one-sided loads on the limbs (Item 29), damage caused by excessive
vibration (Item 28), noise (Item 38), or dust (Items 33-34); see also [15]. The aim of the
research was to:

e analyse the incidence of recognised selected occupational diseases (1997-2019);

e analyse the incidence of occupational diseases in terms of selected indicators (1997-
2019);

e compare the regions of Slovakia in terms of the selected variables.

4.1. Incidence of Recognised Selected Occupational Diseases (1997-2019)

According to data from the National Health Information Centre (NHIC), a total of
10,993 newly occurring occupational diseases were reported in Slovakia between 1987 and
2019. The average annual number of cases in the given period was 478 reports. In the
long term, we observed a downward trend in the development of reported occupational
diseases (Figure 2).
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Figure 2. Incidence of all occupational diseases in Slovakia (1997-2019).

The incidence of occupational diseases in Slovakia for selected items from the list of
occupational diseases is shown in Figure 3. Of the total number of occupational diseases
recognised, there were 7386 cases in the (sd-PF) category (Item 28, Item 29, Item 38 and
Items 33-34), representing almost 67.2% of the total number of registered cases.
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Figure 3. Percentage of selected occupational diseases in Slovakia (1997-2019).

The most significant percentage of reported cases in the (sd-PF) categories under
reference were in Item 29, representing an average of almost 56.3%. In second place is the
category, Item 28, with a share of 26.1%. The category, Item 38 has an 11.4% share and
the category, Item 33-34, has only a 6.3% share. The percentage of selected occupational
diseases in the total number of reported cases in the (sd-PF) categories is shown in Figure 4.
For the sake of clarity, only selected years are plotted in the chart.
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r T 1
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Figure 4. Percentage of number of diseases from the perspective of (sd-PF) (1997-2019).

In three (sd-PF) categories (Item 28, Item 38, Items 33-34), we see a slightly decreasing
trend in the number of reported cases (Figure 5). The most significant decrease is in the
category Item 33-34; in 2019, there was almost a 24% decrease in reported cases compared
to 1997.

The average annual number of occupational diseases related to limb disorders from
long-term, excessive and one-sided load (Item 29) is 178. Despite the decreasing trend in
the number of reported new cases (Figure 2), this illness does not have a very positive
development (Figure 5). There was a sharp increase in 2006 (230 cases), representing an
almost 86% increase compared to 2005. The largest number of reports (261 cases) was
recorded in 2007, representing almost 45.4% of the total number of reports in a given year
(575) and a 63.5% share in the (sd-PF) category (361). The highest percentage was recorded
in 2016, when Item 29 accounted for 70% of all cases in the (sd-PF) category.
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Figure 5. Incidence of occupational diseases from the perspective of (sd-PF) (1997-2019).

The second most common occupational disease is occupational disease from vibrations
(Item 28). The average annual number of reported cases is 86. In 2007, there was a significant
increase in the number of reported cases (156), with that year representing a 27.1% share
of occupational disease in terms of the total number of cases in a given year (575) and
almost a 40% share in the selected group of (sd-PF) diseases. Since that year, we observed a
significant decrease in the number of reported cases.

Noise-related hearing loss (Item 38) is, on average, in third place in terms of the
number of reported cases. The average annual number of reported cases is 36. In the
long term, the number of cases reported annually is decreasing. The lowest incidence was
recorded in 2008 and 2019; with 17 cases each.

Pneumoconiosis (Items 33-34) [15] has the lowest number of reported cases in each
year of the reporting period. The average annual number of reported cases is 24. Since
2002, there has been a significant decrease in the number of reported cases compared to the
previous period (1997-2002).

The basic characteristics of the number of reported cases in each (sd-PF) category are
given in Table 2.

Table 2. Descriptive statistics on the number of reported diseases (1997-2019).

Characteristics Selected Items from the List of (sd-PF) Diseases Total
Count 1979 4085 833 489 7386
Arithmetic mean 86.04 177.61 36.22 23.68 74.83
Deviation 14.31 33.34 31.13 15.22 64.83
Maximum 156 261 80 52 238
Minimum 40 122 17 6 222

4.2. Incidence of (sd-PF) Occupational Diseases in Terms of Selected Indicators (1997-2019)

For a more detailed analysis of the incidence of (sd-PF) occupational diseases, we
selected four indicators (Table 3): the sex of workers (two subcategories), the age category
of workers (five subcategories), the sectoral classification of economic activities (five sub-
categories) and the region of the health establishment where the occupational disease was
diagnosed (eight subcategories).

A graphical representation of the incidence of (sd-PF) occupational diseases in terms
of the sex of workers is shown in Figure 6. In men, we can see a significantly decreasing
trend in the number of occupational diseases admitted for each item on the list of diseases.
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Table 3. Overview of indicators and their subcategories.

Indicator Label Subcategory
M Male
Sex F Female
Agel Up to 29 years
Age2 From 30 to 39 years
Age category Age3 40 to 49 years
Aged 50 to 59 years
Ageb 60 and over
Sector 1 Agriculture and Forestry
Sector 2 Mining and Quarrying
Economic activity sector Sector 3 Industrial Production
Sector 4 Construction
Sector 5 Others
BL Bratislava Region
TA Trnava Region
NI Nitra Region
Region of the medical facility S Tfenéin Region
Z1 Zilina Region
BC Banska Bystrica Region
PV PreSov Region
KI Kosice Region

It was found that men have a greater share in the total number of (sd-PF) diseases. In
the Item 28 category, men have an 84% share, in the category of Items 33-34 they have a
93.6% share. This is also the case with item 29 (94.4% share). An overview of the number of
gender-specific diseases is available in Table 4.

Table 4. Overview of the number of (sd-PF) relative to the sex of workers (1997-2019).

Men Women Total
Item 28
Number 1934 45 1979
Arithmetic mean 84.09 1.96 43.02
Share (%) 97.73 2.27 100
Item 29
Number 2241 1844 4085
Arithmetic mean 97.43 80.17 88.80
Share (%) 54.86 45.14 100
Item 38
Number 783 50 833
Arithmetic mean 34.04 2.17 1.09
Share (%) 94.00 6.00 100
Items 33-44
Number 471 18 489
Arithmetic mean 20.48 0.78 10.63
Share (%) 93.62 6.38 100
Total 5429 1957 7386

Share (%) 73.50 26.50 100
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Figure 6. Incidence of (sd-PF) in terms of sex of workers and diseases (1997-2019).

The highest incidence of (sd-PF) occupational diseases by workers’ age category in the
given period was in the age group from 50 to 59 years (Age4: 3104 cases), representing a
42% share of the total. In second place was the group from 40 to 49 years (Age3: 2871 cases),
who represented almost 39% of the total. Item 29 was the most commonly reported disease
in both age groups with a comparable number of reports (Age4: 1760 cases, Age3: 1758).
The number of occurrences, average values and percentages in each age group and items
(diseases) is shown in Table 5.

Table 5. Overview of (sd-PF) numbers by workers” ages (1997-2019).

To 29 30-39 40-49 50-59 Over-60
Item 28
Number 29 326 845 723 56
Arithmetic mean 1.26 14.17 36.74 31.43 2.43
Share (%) 15 16.5 42.7 36.5 2.8
Item 29
Number 31 440 1758 1760 96
Arithmetic mean 1.35 19.13 76.43 76.52 4.17
Share (%) 0.8 10.8 43.0 43.1 2.4
Item 38
Number 1 19 194 476 143
Arithmetic mean 0.04 0.83 8.43 20.70 6.22
Share (%) 0.1 2.3 23.3 57.1 17.2
Items 33-44
Number 0 20 74 145 250
Arithmetic mean 0.0 0.87 3.22 6.30 10.87
Share (%) 0.0 4.1 15.1 29.7 51.1
Total 61 805 2871 3104 545

Share (%) 0.8 10.9 38.9 42.0 7.4
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In recent years, the number of reported cases in the over-60 age group increased
slightly, particularly for Item 29. A graphical representation of the incidence of (sd-PF)
(Item 28, Item 29, Item 38, and Items 33-34) in the age group view can be seen in (Figure 7).
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Figure 7. Incidence of (sd-PF) by age of workers and disease (1997-2019).

A graphical representation of the incidence of diseases, in terms of the sectoral classifi-

cation of economic activity, is shown in Figure 8. The highest number of reported cases of
(sd-PF) by the sectoral classification of economic activities was recorded in the industrial
production sector (Sector 3: 3151 cases), representing almost 43% of the total. Mining and
quarrying is in second place (Sector 2: 2519 cases), representing a 34% share of the total.
The lowest number of reported cases for the period was found in construction (Sector 4:
353 cases, 4.8%).

In the Item 29 category, the number of reported cases has increased sharply in the
construction sector since 2007. In other categories of (sd-PF), and other sectors of economic
activity, we observe a slightly decreasing trend or a constant trend. The number of occur-
rences and average values in each sector of economic activity and diseases are shown in
Table 6.

There appear to be significant differences in the number of reported cases of occupa-
tional diseases in the regions (Table 7). The available data show that for the period from
1997 to 2019, the largest number of reported cases of occupational diseases were in the
Kosice region (KI: 2479 cases), representing 33.6% of the total number of cases. This is
followed by the Banskd Bystrica Region (BC: 1527 cases; 20.7%) and the Zilina Region (ZI:
1524 cases; 20.6%). The fewest reported cases were in the Trnava region (TA: 14 cases; 0.2%).
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Figure 8. Incidence of (sd-PF) by sectoral economic activity and disease (1997-2019).

Table 6. Overview of the numbers of (sd-PF) by sectoral economic activity (1997-2019).

Sector 1 Sector 2 Sector 3 Sector 4 Sector 5
Item 28
Number 562 896 328 110 83
Arithmetic mean 24.43 38.96 14.26 4.78 3.61
Share (%) 28.4 453 16.6 5.6 4.2
Item 29
Number 324 1125 2221 171 244
Arithmetic mean 14.09 4891 96.57 7.43 10.61
Share (%) 79 275 54.4 42 6.0
Item 38
Number 66 169 479 50 69
Arithmetic mean 2.87 7.35 20.83 2.17 3.00
Share (%) 7.9 20.3 57.5 6.0 8.3
Items 33-44
Number 2 329 123 22 13
Arithmetic mean 0.09 14.30 5.35 0.96 0.57
Share (%) 0.4 67.3 25.2 45 2.7
Total 954 2519 3151 353 409
Share (%) 12.9 34.1 42.7 48 5.5

In the Kosice region (KI), the number of reported cases in the categories of Item 28,
Item 29 and Item 38 is almost constant. A slight decrease is observed in the category of
Items 33-34. In the Banska Bystrica region (BC), we have seen a decrease in the number
of reported cases for all (sd-PF) over the last 5 years. In the Zilina region (ZI), we see
a decrease in reported cases, except for Item 29, for which there was an increase in the
number of reported cases, with almost 3 times more cases reported in 2019 than in 1997.
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Since 2010, we saw an increase in reported cases of Item 29 in the Bratislava region (BL). In
this region, 34 cases were reported for Item 29 in 2019, an increase of almost 567% compared
to 1997. In the Trnava region (TC) there was a sharp decrease in reported occupational
diseases for all monitored items. Even in 2019, not a single case of occupational disease was
reported in any (sd-PF). In the PreSov region (PV), a decrease in reported cases is observed;
for example, in the category of Items 33-34, only one case was reported for the whole
period. The total number and average annual value of the number of reported occupational
diseases in each region of Slovakia is shown in Table 7, where the percentage of reported
diseases in the given regions is also given in terms of the total number of (sd-PF) cases.

Table 7. Overview of number of (sd-PF) by region of Slovakia (1997-2019).

BL TA NI TC VA | BC PV KI
Item 28
Number 50 1 4 292 283 540 51 758
Arithmetic mean 2.17 0.04 0.17 11.70 12.30 23.48 2.22 32.96
Share (%) 2.5 0.1 0.2 14.8 14.3 27.3 2.6 38.3
Item 29
Number 258 7 10 812 1067 763 58 1110
Arithmetic mean 11.22 0.30 0.43 35.30 46.39 33.17 2.52 48.26
Share (%) 6.3 0.2 0.2 19.9 26.1 18.7 14 272
Item 38
Number 20 6 1 100 118 126 27 435
Arithmetic mean 0.87 0.26 0.04 4.35 5.13 5.48 1.17 18.91
Share (%) 2.4 0.7 0.1 12.0 14.2 15.1 3.2 52.2
Items 33-44
Number 18 0 38 102 56 98 1 176
Arithmetic mean 0.78 0.00 1.65 443 2.43 4.30 0.04 7.65
Share (%) 3.7 0.0 7.8 20.9 11.5 20.0 0.2 36.0
Total 346 14 53 1306 1524 1527 137 2479
Share (%) 4.7 0.2 0.7 17.7 20.6 20.7 1.9 33.6

BL—Bratislava region, TA—Trnava region, NI—Nitra region, TC—Tren¢in region, ZI—7Zilina region, BC—Banskd
Bystrica region, PV—PreSov region, KI—Kogice region.

A graphical representation of the incidence of the diseases in each region is shown in
Figures 9 and 10.

4.3. Comprehensive Comparison of Slovak Regions Using Selected Indicators

For a more comprehensive comparison of regions in terms of the reported number
of occupational diseases, we selected further additional data on the regions of Slovakia
for the following parameters: region, population of the region, working-age population
of the region area, average age of the population of the region, unemployment rate in the
region, and the population of the region working in selected sectors of economic activity
(Tables 8 and 9).

In our evaluation, we worked with data representing the average values over the last
five years.

Using the regression coefficient, we checked whether the input variables were cor-
related, i.e., whether there was a correlation between them. Because the variables are
measured in different units, a correlation matrix was used to determine dependency
(Table 10). The correlation between the two variables is shown in the correlation matrix
using the Pearson coefficient of correlation r. We used a scale to determine the level (degree)
of dependency: no correlation (1| < 0.29), poor correlation (0.30 < |y | < 0.49), medium
correlation (0.50 < Ir| < 0.79), and strong correlation (S, 0.80 < |r| < 1). If the correlation
coefficient r is positive (or negative), there is a direct (or negative) linear dependency
between the variables.
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Figure 9. Incidence of (sd-PF) for BL, TA, TC, NI regions and diseases (1997-2019).
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Table 8. Overview of variables for comparing regions of Slovakia.

Label Description
Al Area of region (km?)
A2 Population of region (number)
A3 Working-age population of region (number)
A4 Average age in region (year)
A5 Unemployment rate in the region (%)
A6 Population working in Sector 1 region (number)
A7 Population working in Sector 2 region (number)
A8 Population working in Sector 3 region (number)
A9 Population working in Sector 4 region (number)
A10 Population working in Sector 5 region (number)
All Number of reported cases of selected occupational diseases (number) in the

region—Item 28, Item 29, Item 38, Items 33-34

Table 9. Regional statistics for selected indicators.

Description
Label BL TA NI TC I BC PV KI

Al 2053 km? 4146 km? 6344 km? 4502 km? 6809 km? 9454 km? 8973 km? 6754 km?
A2 646,599 561,723 679,657 163,831 690,916 650,503 822,993 798,579
A3 436,199 391,962 471,261 407,039 481,203 448,751 565,187 547,611

M:212,184 M:198,035 M:238273  M:206,839  M:244,115 M:225987  M: 287,704  M: 275,799

F: 224,015  F:193926  F:232987  F:200200  F:237,088  F:222,764  F:277,482  F:271,862
A4 40.97 41.99 42.77 42.78 40.12 41.98 38.85 39.77
A5 4% 7.02% 7.02% 4.62% 7.12% 11.64% 12.94% 10.74%
A6 1990 5094 7056 3736 4414 5486 5482 3833
A7 646 354 178 3299 613 597 295 564
A8 49,866 49,015 52,534 71,322 55,489 36,168 41,428 39,247
A9 14,034 5911 6904 5089 9605 6046 9593 7091
A10 312,740 86,023 108,830 85,819 113,723 103,229 108,259 128,208
Al1l 22 1 5 12 63 49 5 117

Al—Area of region, A2—Population of region, A3—Working-age population of region, A4—Average age in region, A5—Unemployment
rate in the region, A6—Population working in Sector 1 region, A7—Population working in Sector 2 region, A8—Population working in
Sector 3 region, A9—Population working in Sector 4 region, A10—Population working in Sector 5 region, A11—Number of reported cases
of selected occupational diseases (number) in the region, BL—Bratislava region, TA—Trnava region, NI—Nitra region, TC—Tren¢in region,
Z1—7Zilina region, BC—Banska Bystrica region, PV—PreSov region, KI—Kosice region, M—Male, F—Female.

The results from the correlation matrix show that there is a very strong, direct correla-
tion between variables A3 and A10 (r = 0.99), A1 and A5 (r = 0.89), A3 and A9 (r = 0.86),
and A9 and A10 (r = 0.87). For example, there is medium correlation between variables A3
and A6 (r = —0.72), A7 and A8 (r = 0.77), and A6 and A10 (r = —0.70). It was found that
there are relatively strong correlations between many pairs of variables. For this reason,
principal component analysis (PCA) was used to identify new independent variables. Us-
ing this method, the original variables were replaced by new, independent variables—the
principal components.

Eigenvalues were used to determine the principal components. The scree plot
(Figure 11, blue line) displays eigenvalues for each new independent variable (dimension).
The red dotted line corresponds to an eigenvalue of 1. Table 11 shows the eigenvalues and
variability of PCA components.
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Table 10. Correlation matrix.

Al A2 A3 A4 A5 A6 A7 A8 A9 A10 A1l

Al 1.00

A2 0.57 1.00

A3 064 005 1.00

A4 033 084 012 1.00

A5 0.89 0.70 -051 —-057  1.00

A6 0.62 012  -072  0.22 0.46 1.00

A7 029 -041 -006 041 —-045 -036  1.00

A8 054 054 004 0.52 -078 021 077 1.00

A9 034 027 0.86 —-049 021 —-054 034 014 1.00

A10 058 0.01 0.99 -018 -042 -070 -016 -—-0.08 0.87 1.00

A1l 0.26 0.46 -0.02 —-040 032 -028 -012 -038 —-0.01 0.02 1.00
Al—Area of region, A2—Population of region, A3—Working-age population of region, A4—Average age in
region, A5—Unemployment rate in the region, A6—Population working in Sector 1 region, A7—Population
working in Sector 2 region, A8—Population working in Sector 3 region, A9—Population working in Sector 4
region, A10—Population working in Sector 5 region, A11—Number of reported cases of selected occupational
diseases (number) in the region.
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Figure 11. Scree plot (Output: R).

Table 11. Summary of principal components analysis.

Components Diml Dim2 Dim3 Dim4 Dim5 Dimé6 Dim?7
Eigenvalue 4.55 3.65 1.29 0.74 0.35 0.28 0.14
Variance (%) 41.37 33.17 11.72 6.68 3.21 2.57 1.28

Cumulative variance (%) 41.37 74.54 86.26 92.94 96.15 98.72 100.00

The first dim1 principal component has an eigenvalue of 4.55 (Table 11). The eigen-
value for the second principal component of Dim2 is 3.65, and the third value of Dim3
is 1.29. The results of the PCA method show that the first principal component, Dim1,
describes approximately 41.37% of the total data variability; the second component, Dim?2,
describes 33.17%; and the third component; Dim3, describes 11.72% of total variability.

To determine the appropriate number of principal components, we used the Kaiser-
Guttman criterion, according to which all eigenvalues greater than 1 are considered [75].
Subsequently, the first three principal components were used to determine the new vari-
ables, which together covered almost 86.3% of the total variability in the data (Table 11).

Table 12 shows the coefficients of the eigenvectors and the component matrix of the
coefficients for the first three principal components. The first component of Dim1 consists
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primarily of variables A1, A2, A3, A5, A6, and A8. The second component of Dim?2 consists
mostly of the variables A4, A9, and A10. The third principal component of Dim3 consists
mostly of the variables A7 and A11.

Table 12. Component matrix for the first three principal components.

Al A2 A3 A4 A5 A6 A7 A8 A9 A10 A1l

Dim1 0.92 063 —-071 —042 094 0.67 —-046 —-065 —040 -0.63 0.32
Dim2 -0.04 0.61 0.67 -076 022 —-048 -052 —-056 0.84 0.73 0.39
Dim3 0.05 021 -011 —-024 003 —049 0.61 0.24 —-020 —-0.15 0.66

Cluster analysis, namely hierarchical cluster analysis, was used to group regions
of Slovakia with similar characteristics. Euclidian distance was chosen as the distance
measure and the first three principal components, Dim1 to Dim3, were selected as input
independent variables. The cophenetic correlation coefficient CC (cophenetic correlation
coefficient) was used to determine the best clustering method. For the average linkage
method, the value of CC = 0.90; for the nearest neighbour method, CC = 0.86; for Ward's
method, CC = 0.75; and, for the median method, CC = 0.87. The highest value of the
cophenetic correlation coefficient CC is for the average linkage method, which can be
considered the best method of clustering.

The results of the cluster analysis of selected variables that characterize the regions
of Slovakia are shown in Figure 12. From the dendrogram, Slovakia can be divided into
five homogeneous clusters based on the selected variables: Cluster 1 (SK-BL), Cluster 2
(SK-TC), Cluster 3 (SK-TA, SK-NI), Cluster 4 (SK-BC, SK-PV) and Cluster 5 (SK-ZI, SK-KI).
The regions constituting one cluster are shown in the same colour (Figure 13).
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Figure 12. Dendrogram—average linkage method (Output: R).
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Figure 13. Result of cluster analysis—division of regions (Base © Can Stock Photo Inc./(tele52), accessed on 22 May 2021).

5. Conclusions

The results from the analysis of data show that the trend in the number of occupational
diseases in Slovakia is generally favourable, i.e., the number of occupational diseases
recognised is decreasing in the long term.

It was found that regions can be grouped into five homogeneous groups with similar
characteristics. A significantly different group consists of the Bratislava region (SK-BL),
where trade and services, as opposed to industrial production, dominate. The Tren¢in
region (SK-TC) is the most industrial region with a dense transport network. The Kosice
region (SK-KI) and Zilina region (SK-ZI) are dominated by traditional engineering, metal-
lurgical and electrotechnical industries. In the Banska Bystrica region (SK-BC) and PreSov
region (SK-PV), agricultural production plays an important role. The Trnava region (SK-TA)
and Nitra region (SK-NI) are characterized by an equal representation of industrial and
agricultural production. The analysis of the data shows that the incidence of occupational
diseases strongly reflects the regional differences in Slovakia and to some extent is also
caused by this difference. It is important to remember that each region has its own specific
social and economic conditions, such as the availability of labour, the development of the
transport structure and the composition of regional industry, which significantly influences
the incidence of occupational diseases in Slovakia.
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