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Summary

Introduction. Inhalation of coal dust during blasting in brown
coal mines has been shown to lead to a lung disease called pneu-
moconiosis. There is very little data in the literature on the direct
impact of coal on the quality of life of people who work in coal
mines as well as the body’s immune response to the effects of
coal dust. The aim was to examine the immune response to ex-
posure to coal dust in miners in a brown coal mine and whether
mine workers have poorer quality of life compared to those not
exposed to coal dust.

Methods. This is a cross-sectional study among 100 employees in
the Brown Coal Mine in Ugljevik, of which 50 of them are exposed
to coal dust on a daily basis. Blood samples were taken from all
subjects to test for the presence of cytokines IL-2, 4, 5, 9, 10, 13,
17A, 17F, 21, 22, IFN-y and TNF-a. The quality of life of employees
was measured using a questionnaire for self-assessment of physi-
cal and mental health (36-item Short-Form Health Survey, SF-36).

Results. Group of miners had a significantly (p<0.05) higher con-
centrations of pro-inflammatory cytokines IL-6, IFN-y, IL-17A and
IL-22 when compared to the control group. Subjects from the
control group had significantly (p<0.05) higher concentrations of
anti-inflammatory cytokines IL-4 and IL-10 when compared to the
group of miners. The quality of life was significantly (p<0.05) bet-
ter in the control group when compared to the group of miners.

Conclusion. Physical functioning, general health, mental health
and Physical component summary were significantly poorer in
the group of miners. Exposition to coal dust led to a significant
increase in the production of pro-inflammatory cytokines and a
decrease in the production of anti-inflammatory cytokines.

Keywords: immune response, cytokines, coal dust

4.0 International (CC BY 4.0) license.
|

Introduction

As one of the most important energy resources in the world, coal makes a great contribution to
the world economy. Coal mining and processing involves multiple dust generation processes
including coal cutting, transportation, crushing and grinding, etc. Coal dust is one of the main
sources of danger to the health of coal workers. Exposure to coal dust can be prevented through
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administrative and engineering controls. In-
effective control of exposure to coal dust can
harm the health of workers in coal mines [1].
Given that there has been an unexpected in-
crease in miners’ pneumoconiosis (CWP) in
the Appalachian Basin (USA) in recent years,
Ting Liu has reviewed the literature on the im-
portance of coal dust to miners” health. They
pointed out that the impact of coal dust on the
health of miners is not yet well understood
and that further improvements are needed [1].
There is a large number of conducted re-
searches related to environmental problems
caused by mining in coal mines, processing,
combustion and similar problems such as
acid rain, smog occurrence, gas emissions,
etc. In contrast, there is very little data in the
literature on the direct impact of coal on the
health of people who work in coal mines and
who use coal on a daily basis [2].

Inhalation of coal dust during blasting in
brown coal mines leads to the development
of lung dust diseases caused by coal dust
(CMDLD). The most common manifestation
of CMDLD is pneumoconiosis of the lungs.
Coal worker’s pneumoconiosis (CWP) is a
parenchymal lung disease caused by the ac-
cumulation of coal dust in the lungs and the
consequent reaction of lung tissue to the for-
mation of fibrous nodular lesions [3]. Other
CMDLD diseases include progressive pulmo-
nary fibrosis, chronic bronchitis, pulmonary
emphysema, and diffuse pulmonary fibrosis
associated with coal dust [4]. Workers in coal
mines can also get chronic obstructive pul-
monary disease, especially workers who are
smokers [5]. The risk of developing lung dis-
eases increases in underground mines [6].

The pathophysiological mechanisms of
pneumoconiosis in miners have not been
fully elucidated, but it is known that cyto-
kines produced by alveolar macrophages
also play a significant role in pathogenesis
[7]. The role of IL-1, TNF-a, IL-6, TGF-3 in
patients with pneumoconiosis was investigat-
ed [7,8,9,10,11]. However, there are no data
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in the literature on the concentration of these
and other important cytokines, such as IL-2,
4,5,9,10,13,17A, 17F, 21, 22 and IFN-vy, mea-
sured in the serum of patients with CWP. In
their study, Attfield and co-workers conclud-
ed that there is a negative effect of exposure
to mine dust on pulmonary function that oc-
curs even in the absence of radiographically
detected pneumoconiosis [12]. In this sense, it
is assumed that among the miners exposed to
coal dust there are those who have triggered
the pathophysiological mechanisms of pneu-
moconiosis and other health disorders associ-
ated with coal dust, but it has not been proven
radiologically. Therefore, a cytokine immune
response is expected in the exposed. The com-
bination of a number of risk factors in brown
coal mines can lead to a reduced quality of life
for these workers due to exposure to a large
amount of occupational hazards, including
silica dust, coal dust, noise, vibration and heat
[13]. The aim of the study was to examine the
immune response to coal dust by testing the
concentration of cytokines IL-2, 4, 5, 9, 10, 13,
17A, 17F, 21, 22, IFN-y and TNF-q, as well as
to examine the quality of life of miners in the
Brown coal mine in Ugljevik.

Methods

A cross-sectional study was conducted be-
tween two groups of employees in the Brown
Coal Mine and Thermal Power Plant in Uglje-
vik, the Republic of Srpska, Bosnia and Her-
zegovina from April 2018 to December 2020.
The research included 100 respondents in the
Brown Coal Mine in Ugljevik, of which 50 were
exposed to coal dust and 50 were not exposed
to coal dust. The first group was represented
by employees who were exposed to coal dust,
and the second by employees who were not
exposed. Respondents were selected by ran-
dom selection with prior informed consent. All
respondents completed a questionnaire, which
contained demographic and health data.
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To examine the quality of life of workers
in the brown coal mine, we used a standard
questionnaire for self-assessment of physi-
cal and mental health (36-item Short-Form
Health Survey, SF-36), which is widely used
to assess the quality of life of people in many
fields and studies.

Cytokine concentrations were determined
in the serum of subjects using fluorescent beads
labeled with anti-cytokine antibodies (Bioleg-
end, San Diego, CA, USA) on a flow cytofluo-
rimeter (Attune Acoustic Focusing Cytometer,
Applied Biosystems, Themo Fisher, USA) in a
Center for biomedical research at the Faculty of
Medicine in Foca, University of East Sarajevo.

The methods of descriptive and analytical
statistics were used in the paper. Among the
methods of descriptive statistics, measures of
central tendency and measures of variability
were used, namely arithmetic mean with stan-
dard deviation and relative numbers for cate-
gorical variables. Among the methods of ana-
lytical statistics, Student’s t-test and non-para-
metric alternative, Mann-Whitney U test were
used for bound samples. The chi-squared test
and Fisher’s test, non-parametric tests, were
also used to assess the difference between the
groups. The usual value of p<0.05 was taken as
the level of statistical significance of differenc-
es, while the values of p<0.01 were considered

Immune response to exposure to coal dust

highly statistically significant. Results were
statistically analyzed in GraphPad Prism soft-
ware (GraphPad, La Jolla, CA, USA) and SPSS
software package version 21.0 (Statistical Pack-
age for Social Sciences SPSS 21.0 Inc, USA).

Results

The study involved 100 respondents, half of
them were miners working in the brown coal
mine, while the remaining 50% of respondents
were a control healthy group, which was not
exposed to coal dust. Table 1 shows that a high
statistically significant difference in relation to
gender was observed between the two groups of
respondents (p=0.001), with a significantly high-
er percentage of men working in the brown coal
mine. Subjects belonging to the group of min-
ers have breathing difficulties in a statistically
significantly (p=0.017) higher percentage (26%)
compared to the control group (8%), and also,
the group of miners (28%) significantly more of-
ten (p=0.046) has cough compared to the control
group of subjects (12%). Differences between
groups of subjects in relation to the smoking
status, occurrence of expectoration of dark spu-
tum, present lung diseases, hospitalization due
to pneumonia, heart disease, rheumatic diseases
and hypertension were not observed (Table 1).

Table 1. Socio-demographic and clinical characteristics of the respondents

Group of miners,

Control group,

Variables % or M + SD % or M + SD :
Gender, male 88 24 0.001*
Age, years 44 5+10.6 43.0+13.72 0.5434#
Dyspnea 26 8 0.017*
Cough 28 12 0.046*
Smoking 17 12 0.342*
Coughing up dark sputum 8 0 0.117*
Lung diseases 18 6 0.065**
Hospitalization for pneumonia 6 0 0.242**
Heart diseases 2 8 0.362**
Rheumatic diseases 16 10 0.371*
Hypertension 8 16 0.371*
Total, number (%) 50 (50%) 50 (50%)

*Chi-square test, **Fisher’s test;#t test for independent samples;
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# #M — mean, SD — standard deviation
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Respondents who work in the brown coal
mine have significantly lower average values of
the domains of physical functioning (p = 0.005),
general health (p = 0.001) and mental health (p
= (0.041) compared to the control group of sub-
jects. Also, the average values of the common
physical component of quality of life were sig-
nificantly (p = 0.007) lower in the group of min-
ers compared to the control group of respon-
dents (Table 2). Differences in other domains
of the SF-36 questionnaire between groups of
respondents were not observed (Table 2).

There was no statistically significant dif-
ference between the groups of respondents in
the average values of the pro-inflammatory
cytokines IL-2, IL-5, IL-9, IL-21 and TNF-a in
serum (Figure 1).

M+SD (pg/ml)

Control
group

Group of
miners

M+SD (pg/ml)
°
s

Control
group

Group of
miners

1.519

1.0 4

M+SD (pg/ml)

Group of
miners

Subjects from the miners’ group had sta-
tistically significantly (p <0.05) higher aver-
age values of the pro-inflammatory cytokines
IL-6, IFN-y, IL-17A and IL-22 in serum com-
pared to the subjects from the control group.
There was no statistically significant differ-
ence in the average values of the pro-inflam-
matory cytokine IL-17F in serum between the
groups of subjects (Figure 2).

Subjects from the miners’ group had statis-
tically significantly (p <0.05) lower values of the
anti-inflammatory cytokines IL-4 and IL-10 in
serum, compared to the subjects from the con-
trol group, while a statistically significant differ-
ence in the average values of the anti-inflamma-
tory cytokine IL-13 in serum was not observed
between the groups of subjects (Figure 3).
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Figure 1. Average values of pro-inflammatory cytokines IL-2, IL-5, IL-9, IL-21 and TNF-a in serum of coal miners
and control group of respondents. M — mean, SD — standard deviation; Mann-Whitney U test
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Table 2. Respondents’ quality of life measured by SF-36 questionnaire

. Group of miners, Control group,
Variables 15[ +SD M + SgD P p

Physical functioning 66.4+35.9 82.7+18.6 0.005**
Role physical 66.8+40.6 76.12+34.4 0.199**
Bodily pain 72.8+33.4 75.8+29.6 0.640*
General health 43.6+22.3 56.8+17.2 0.001*
Vitality 47.4+19.9 47.8+10.5 0.900%
Social functioning 80.8+54.8 81.4+20.1 0.944**
Role emotional 84.6+59.9 76.3+38.2 0.406**
Mental health 54.3+20.1 69.1+12.9 0.041*
Physical component summary 54.3+30.7 69.1+21.9 0.007**
Mental component summary 62.4+23.7 66.8+12.5 0.245*
Total, number (%) 50 (50%) 50 (50%)

*t test for independent samples;**Mann-Whitney test; #M —mean, SD — standard deviation
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Figure 2. Average values of pro-inflammatory cytokines IL-6, IFN-vy, IL-17A, IL17F and IL-22 in serum of coal min-
ers and control group of respondents. M — mean, SD — standard deviation; Mann-Whitney U test
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Figure 3. Average values of anti-inflammatory cytokines IL-4, IL-10 and IL-13 in serum of coal miners and control
group of respondents; M — mean, SD — standard deviation, t test for independent samples

Discussion

Research on the quality of life and the im-
mune response to coal dust was conducted at
the Ugljevik mine and thermal power plant.
The exploitation of brown coal in this mine is
superficial. It is a mine in the eastern part of
the Republic of Srpska, Bosnia and Herzegov-
ina. The mine produces about 1.8 million tons
of coal, of which about 95% ends up in the fur-
nace of the thermal power plant, and the rest
goes to commercial sale. The reserves of the
coal basin amount to about 430 million tons
of coal. The company has a special service for
safety and health at work, which takes care of
the personal protection of workers exposed to
coal dust and which regularly organizes pre-
ventive health examinations [14].

The workers in the Ugljevik mine and thermal
power plant are mostly male. In our sample,
men were in the majority in the group of ex-
posed workers (88%), and women were in the
majority in the group of non-exposed work-
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ers (76%), which was statistically significant
(p = 0.001). The group exposed to coal dust
more often had symptoms of respiratory dis-
eases, such as dyspnea (p = 0.017) and cough
(p =0.046).

When it comes to indicators of quality of
life of employees in the mine and thermal
power plant, our groups differed statistically
in the following parameters: Physical func-
tioning (p = 0.005), General health (p = 0.001),
Mental health (p = 0.041) and Physical com-
ponent Summary (p = 0.007). Quality of life is
a multidimensional concept, as an important
indicator of medical care. A study conducted
by Han et al. [15] in China found that there is
a difference in the domain of physical health
problems between surface miners and under-
ground miners (p = 0.005). Compared to the
normal population, their subjects had lower
scores in both the physical health and mental
health components, and many factors contrib-
uted to this, including the duration of work
due to dust exposure, chronic illness, health
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insurance, and so on. Differences in the com-
ponents of physical and mental health were
also found in our study by comparing work-
ers who were exposed to coal dust and those
who were not exposed [15].

In order to study the impact of social
factors on the quality of life of workers in
the coal industry, Petrov [16] devised a new
method for assessing the individual quality of
life of miners, based on the WHO quality of
life assessment. According to the research, the
value of quality of life on average was 27.7%.
According to the scale shown, the average
quality of life of miners is low. The variabil-
ity in the quality of life of miners is mainly
determined by the index of social satisfaction
and the index of satisfaction with health [16].
Concerns about health and the quality of so-
cial protection are the main factors in the low
quality of life of workers in the coal industry.
Ivoilov and co-workers [17] examined the
quality of life in the Kamelovo region of
Russia. It turned out that the parameters of
the quality of life of workers decreased with
the age of 20 to 64 years. The parameters of
quality of life on the scales of pain, physical
functioning and general health are inversely
correlated with the age and length of service
in dangerous working conditions for workers
in a coal mine [17].

Yu and co-workers [18] conducted a
cross-sectional study in China among 305
workers who are exposed to coal dust and
200 workers exposed to coal dust from five
coal mines in Shanxi Province with the aim of
examining the quality of their life. They used
a short version of the Quality of Life Ques-
tionnaire of the Chinese Health Organization
(WHOQOL-BREF). All functional domains
of the Chinese WHOQOL-BREF were signifi-
cantly worse in workers who are exposed to
coal dust compared to workers who are not
exposed to coal dust, except for psychologi-
cal health. They pointed out that appropriate
health policies should be developed to im-
prove quality of life of coal dust workers [18].
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It is known that components from coal
dust react with cells in the lungs causing cell
membrane damage which is accompanied by
lipid peroxidation. The pathogenetic mecha-
nism of CWP takes place in three phases. Ini-
tially, there is an accumulation and activation
of inflammatory cells in the lungs. Damaged
cells release intracellular enzymes, which
provoke further tissue damage, resulting in
scarring or destruction of alveolar septa. Coal
dust phagocytized by alveolar macrophages
stimulates the formation of reactive oxygen
species which then stimulate the secretion of
cytokines and chemokines. These inflamma-
tory cytokines act as chemoattractants that
attract polymorphonuclear leukocytes and
macrophages from the pulmonary capillaries
to the alveoli, resulting in chronic inflamma-
tion [19]. Current concepts of CWP pathogen-
esis suggest that alveolar macrophages play a
key role because of their ability to release var-
ious mediators such as proteolytic enzymes
and growth and differentiation factors. In the
chronic phase of CWP leading to pulmonary
fibrosis in pneumoconiotic lungs, it is clear
that cytokines produced by alveolar macro-
phages play a significant role in the pathogen-
esis of CWP [7].

In our study, we did not find statistical-
ly significant differences in values of pro-in-
flammatory cytokines IL-2, IL-5, IL-9, IL-21
and TNF-a in serum between the groups of
respondents. According to a study by Van-
hee et al., after in vitro exposure of alveolar
macrophages to coal dust, coal dust particles
caused significant secretion of TNF-a and
IL-6 [7]. Accordingly, in our study, we found
a statistically significantly higher level of IL-6
in serum of the workers exposed to coal dust.
Even though it has been shown that coal dust
exposure stimulates pro-inflammatory re-
sponse leading to increased release of cyto-
kines from monocytes such as TNF-«a [20, 21].
However, in our study we found no differenc-
es in serum TNF-a concentration between the
groups of respondents.
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In a study by Yao et al. [22] to examine the
expression of type 1 and type 2 (Th1 and Th2)
cytokines from serum of coal miners, 630 coal
miners were studied. Authors concluded that
the median level of pro-inflammatory cyto-
kines IL-183, IL-8, IFN-y and IL-6 in cases group
(groups suspected with CWP or with diag-
nosed CWP) were significantly higher (p<0.05)
than that of non-cases group (control group
of healthy miners) [22]. Our results coincides
with this study, where IFN-y concentration
was significantly higher in a group of miners
when compared to the control group (p<0.05).
In our study we did not measured concen-
trations of IL-1B and IL-8, but we measured
other pro-inflammatory cytokines such as IL-
17A and IL-22 and we determined that both of
them were significantly higher in the group of
miners when compared to the control group.
The IL-17A has been linked to chronic inflam-
mation and the genetic association between
single nucleotide polymorphisms of IL-17A
and CWP in Chinese population is proven. In a
case-control study by Han et al. [22] conducted
among 1,391 subjects logistic regression analy-
sis showed that the genotypes of rs3748067 AA
(OR =0.43, 95 % CI = 0.23-0.83) and rs8193036
TT (OR =0.59, 95 % CI = 0.40-0.86) were associ-
ated with a decreased risk of CWP [23].

Yao et al. [21] also determined that the lev-
el of anti-inflammatory cytokine IL-10 (654.08
pg/ml) was significantly lower in CWP than
that of control group (596.64 pg/ml) [19],
which corroborates our results, where anti-in-
flammatory response was significantly higher
in the control group of our respondents (high-
er concentrations of IL-10 and IL-4) when
compared to the group of miners.

Funding source. The research was financed by the Ministry
of Scientific and Technological Development, Higher Educa-
tion and Information Society of the Republic of Srpska, proj-
ect “Immunological parameters of reaction to coal dust and
prevalence of pneumoconiosis in workers in mines and ther-
mal power plants’, project number: 19-6-020/961-127/18.
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The limitation of our study is the relatively
small number of cases. Therefore, further ran-
domized and double-blind studies, involving
larger numbers of miners, may contribute to
better understanding of the additional role of
inflammatory and immunomodulatory path-
way in mine workers exposed to coal dust.
Also, further limitation is the significant dif-
ference of respondents by gender distribution.
However, this difference does not affect the re-
sults because gender is not expected to play a
significant role in the results of this study.

Respiratory symptoms, such as dyspnea
and cough were significantly more often
present in the group of miners when com-
pared to the control group of respondents.
Physical functioning, general health, mental
health and physical component summary
were significantly poorer in the group of min-
ers. Exposition to coal dust led to a signifi-
cant increase in the production of pro-inflam-
matory cytokines (IL-6, IFN-y, IL-17A and
IL-22), and to decrease in the production of
anti-inflammatory cytokines (IL-4 and IL-10).
These results suggest that exposition to coal
dust induce pro-inflammatory and decrease
anti-inflammatory immune response.

Conclusion

Physical functioning, general health, mental
health and physical component summary
were significantly poorer in the group of min-
ers. Exposition to coal dust led to a significant
increase in the production of pro-inflammato-
ry cytokines and a decrease in the production
of anti-inflammatory cytokines.

Ethical approval. The Ethics Committee of the Faculty of
Medicine Foca approved the study and informed consent
was obtained from all individual respondents. The research
was conducted according to the Declaration of Helsinki.

Conflicts of interest. The authors declare no conflict of in-
terest.
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Ispitivanje imunoloskog odgovora rudara na ugljenu prasinu
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Kratak sadrzaj

Uvod. Pokazalo se da udisanje ugljene prasine tokom miniranja u rudnicima mrkog uglja dovodi do
bolesti plu¢a koja se zove pneumokonioza. U literaturi postoji vrlo malo podataka o direkthnom uti-
caju uglja na kvalitet Zivota ljudi koji rade u rudnicima uglja, kao i o imunskom odgovoru organizma
na dejstvo ugljene prasine. Cilj je bio da se ispita imunski odgovor na izlozenost ugljenoj prasini kod
rudara u rudniku mrkog ugljai da li radnici u rudniku imaju losiji kvalitet Zivota u poredenju sa onima
koji nisu izlozeni ugljenoj prasini.

Metode. Ova studija presjeka je obuhvatila 100 zaposlenih u Rudniku mrkog uglja u Ugljeviku, od
kojih je 50 svakodnevno izloZzeno ugljenoj prasini. Svim ispitanicima su uzeti uzorci krvi radi ispiti-
vanja prisustva citokina IL-2, 4, 5,9, 10, 13, 17A, 17F, 21, 22, IFN-y i TNF-a. Kvalitet Zivota zaposlenih
mjeren je upitnikom za samoprocjenu fizickog i mentalnog zdravlja (Short-Form Health Survey, 36
stavki, SF-36).

Rezultati. Grupa rudara je imala znacajno (p<0,05) vece koncentracije proinflamatornih citokina IL-6,
IFN-y, IL-17A i IL-22 u poredenju sa kontrolnom grupom. Ispitanici iz kontrolne grupe imali su znacaj-
no (p<0,05) vece koncentracije antiinflamatornih citokina IL-4 i IL-10 u poredenju sa grupom rudara.
Kvalitet Zivota bio je znacajno bolji (p<0,05) u kontrolnoj grupi u poredenju sa grupom rudara.

Zakljucak. Fizicko funkcionisanje, opste zdravlje, mentalno zdravlje i zajednicka fizicka komponenta
zdravlja bili su znacajno losiji u grupi rudara. Izlaganje ugljenoj prasini dovelo je do znacajnog po-
vecanja proizvodnje proinflamatornih citokina i smanjenja proizvodnje antiinflamatornih citokina.

Kljucne rijeci: imunoloska reakcija, citokini, ugljena prasina
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Introduction

]
Summary

Introduction. Obesity is becoming a global urgent issue that is con-
sidered a health problem in developed and developing countries.
Obesity is a major risk factor for many non-communicable diseases
such as cardiovascular diseases, type 2 diabetes mellitus (DM2), hy-
pertension, coronary heart disease, or certain types of cancer. Phys-
ical activity is crucial for a healthy lifestyle. The aim of this study was
to determine whether there is a difference in the physical activity of
obese people with type 2 diabetes and obese people without type
2 diabetes.

Methods. This cross-sectional study included 50 obese patients
with type 2 diabetes and 57 obese patients without type 2 diabetes.
All patients went through the questionnaire, anthropometric mea-
surements and laboratory tests. Type 2 diabetes was diagnosed in
accordance with the American Diabetes Association. Data on physi-
cal activity were collected using the IPAQ (International Physical Ac-
tivity Questionnaire), which was composed of questions on various
physical activities in the previous 7 days.

Results. Activities at work and on the way to work in patients with
type 2 diabetes were significantly lower compared to these activi-
ties in patients without type 2 diabetes (p <0.001). Also, leisure time
physical activities were lower in people with DM2 (p = 0.001). Just
in case of household chores, subjects with DM2 had more utilized
metabolic equivalent (MET) minutes whose utilization rate was
close to 1700 MET minutes compared to 1500 MET minutes in sub-
jects without DM2.

Conclusion. The results of this study indicate that obese subjects
with DM2 are less active than obese subjects without DM2. There-
fore, they should be recommended regular physical activities for
at least 150 minutes per week to overcome the problem of obesity
and the problem of DM2.

Key words: physical activity, type 2 diabetes mellitus, obesity, IPAQ
|

Obesity is a growing problem worldwide [1] and is considered a health problem in both devel-
oped and developing countries [2]. In 2014, more than 39% of adults were overweight and 13%
were obese [3]. Today, being overweight and obese cause higher mortality than malnutrition [3].
Obesity is accompanied by increased economic costs, social problems, increased morbidity and
mortality from various diseases, so it is important to take measures and stop this pandemic [4,5].
Obesity is known to be a major risk factor for a number of non-communicable diseases such as
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type 2 diabetes mellitus (DM2), hypertension,
coronary heart disease, or certain types of can-
cer [6,7]. Overweight and obesity occur in 44%
of cases of diabetes, 23% of patients with isch-
emic heart disease and about 7—41% of certain
cancers (8,9). DM2 is most strongly associated
with obesity, and the prevalence of obesity-re-
lated diabetes is expected to double to 300 mil-
lion by 2025 [10]. Together, obesity and DM2
increase the risk of mortality in individuals 7
times [11]. It is estimated that by 2030, over-
weight and obesity will reach 89% and 85% in
men and women, respectively [12,13]. This will
result in an increase in the incidence of obesi-
ty-related coronary heart disease by 97%, can-
cer by 61% and DM2 by 21%. In addition, direct
healthcare costs will increase significantly. It is
estimated that if the body mass index (BMI)
of the population were to decrease by 5% by
2030, obesity-related health care costs would
be reduced by € 495 million over 20 years [12].

Physical activity is a key component of a
healthy life. Aerobic exercise is the best way to
lose fat. It has been shown that patients with
DM2 have lower energy expenditure, fewer
steps taken and shorter duration of physical
activity [14], lower cardiorespiratory fitness
[15,16], as well as lower muscle strength com-
pared to subjects without this disease [17,18].

The aim of this study was to determine
whether there is a difference in the level of
physical activity of obese people with DM2
and obese people without DM2.

Methods

This cross-sectional study included 50 obese
patients with DM2 and 57 obese patients
without DM2 who were on medical nutrition
therapy at the nutrition counseling institute
of the Institute of Hygiene with Medical Ecol-
ogy of the Faculty of Medicine in Belgrade.
All patients were surveyed and underwent
anthropometric measurements and laborato-
ry tests.
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A standardized questionnaire was used to
estimate basic demographic data. In addition
to basic demographic data (gender, age), the
questionnaire also collected data on tobacco
smoking.

In order to assess the nutritional status, all
patients underwent anthropometric measure-
ments to determine weight, height and waist
circumference.

Body mass (BM) and body height (BH)
were measured in the morning using a cali-
brated anthropometer after which the BMI
(kg/m2) was determined. The recommenda-
tion of World Health Organization (WHO)
was used to assess nutritional status [19]. The
percentage of body fat was determined using
bioelectrical impedance.

Waist circumference was measured in the
middle of the distance between the lowest
point of the costal arch (arcus costalis) and
the anterior upper femoral spine (spina iliaca
anterior superior), while the patients were in
a standing position. Abdominal obesity was
determined based on the value of the waist
circumference, also according to WHO rec-
ommendations [19]. The following limit val-
ues were used to determine obesity: 1) waist
circumference equal to or greater than 102 cm
for men, or greater than or equal to 88 cm for
women; 2) percentage of body fat equal to or
greater than 25% for men, or equal to or great-
er than 33% for women [20].

The diagnostic criteria for DM are fasting
glucose >7 mmol/l or plasma glucose value >
11.1 mmol/1 120 min after the oral glucose tol-
erance test (OGTT) [21].

Data on physical activity were collected
using the IPAQ (International Physical Activ-
ity Questionnaire), a questionnaire composed
of questions about different physical activities
in the past 7 days. The questionnaire is com-
posed of 27 questions which are divided into
5 parts. The first part is composed of ques-
tions related to physical activities at work.
The second part is composed of questions re-
lated to transportation. The third part consists
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of questions related to housework. The inten-
sity of physical activity was estimated based
on MET minutes. A healthy adult while at
rest is considered to consume 3.5 ml of O2/kg
body weight per minute, which represents an
energy expenditure of 1 kcal and is referred
to as MET minute [22]. The fourth part is con-
sisted of questions about recreation and the
last fifth part are the questions related to sit-
ting. Physical activity scores were calculated
according to the instructions in the Scorecard
calculation manual on the International Phys-
ical Activity Questionnaire (IPAQ).

IBM SPSS 23 program was used for data
processing. The average, standard deviation,
minimum, maximum, and coefficients of
skewness and kurtosis were calculated from
the descriptive parameters. A Chi-square
test was used to test the association between
the presence of diabetes and obesity. To de-
termine the existence of differences between
patients who do not have diabetes and those
who have diabetes according to different ac-
tivity parameters, the Mann-Whitney U test
was used, and the Eta-squared (h2) coefficient
was shown as a size of the effect.

The importance of physical activity in diabetes

Results

107 respondents participated in this research,
of which three quarters (a total of 80) are fe-
male. Out of a total of 50 respondents who
have diabetes, 80% are female, while out of 57
respondents who are not diagnosed with dia-
betes, 70% are female. The average age of pa-
tients without diabetes is 47 + 13 years, while
the patients with diabetes are slightly older
and their average age is 54 + 10 (p <0.001), (Ta-
ble 1).

Comparing body height, weight and waist
circumference, no statistically significant dif-
ferences were found between people with
and without diabetes, while the percentage
of body fat was significantly higher in people
with diabetes (p <0.001), (Table 2).

Activity at work, as well as activity during
transport of patients with diabetes were signifi-
cantly lower compared to the activities of the
patients without diabetes (p <0.001) (Figure 1).

Also, activities during free time had low-
er values in the subjects with diabetes than in
the subjects without diabetes (p = 0.001) (Fig-
ure 2).

Table 1. Basic demographic data in relation to the presence of diabetes

Groups
Parameters P value
D N
40 (80 %) 40 (70.2 %) 40 (80 %)
Gender 0.272
10 (20 %) 17 (29.8 %) 10 (20 %)
Age — average value + SD 54.34 £9.63 46.56 +£12.53 <0.001
Table 2. Anthropometric indicators in the examined groups
Groups (average values * SD)
Parameters P value
D N
Body height (cm) 165.3 +8.8 168.6 +10.8 0.082
Body weight (kg) 97.1+20.1 96.6 +20.8 0.913
Waist circumference (cm) 118.9 +14.2 1154 +15.1 0.216
Body fat (%) 38.9+6.5 34+64 <0.001
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diabetes, N - subjects without diabetes. ** - p <0,01

When it comes to the intensity of activi-
ties, regardless of whether they are walking,
moderate or vigorous activities, people with
diabetes on average have fewer MET min-
utes for these activities than peple without
diabetes (p <0.001, p <0.001, p =0.001, respec-
tively). Moreover, none of the subjects who
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have diabetes engaged in any of the vigorous
activities during the week (Figure 3). Name-
ly, patients with diabetes are active on aver-
age about 2900 MET minutes, in contrast to
patients who do not have diabetes, who are
active on average about 5100 MET minutes
(Figure 3).
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Figure 3. Comparison of the intensity of physical activities between the tested groups. D - subjects with diabetes,
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When testing the differences between
non-diabetic and diabetic patients in terms of
different activity measures, the results show
that by all parameters, non-diabetic patients
are more active than the diabetic patients.
When it comes to differentiation according to
activities in different contexts (work, trans-
portation, household chores, leisure time),
the greatest effect occurs when comparing
these two groups by activities at work, where
22% of variability of activities at work can be
covered by differences between patients who
do not have diabetes and patients who have
this disease. The effect sizes of activities in
other contexts are lower and range from 0.10
to 0.13.

When it comes to the intensity of activ-
ities, the sizes of the effect of walking (n? =
0.18) and moderate activities (n? = 0.17) are
slightly larger than the size of the effect of
vigorous activities (2= 0.11). Finally, looking
at total physical activity, the size of the effect
is about 20% of the shared variance, or about
20% of the variability in total physical activ-
ity can be attributed to differences between
non-diabetic and diabetic patients (Table 3).
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Discussion

The test results show that the tested group of
DM2 patients was older than the group with-
out DM2. Comparing differences in genders,
it was determined that women were repre-
sented more in both groups.

Subjects of both tested groups weighed
on average about 97 kg. Based on the mea-
surement of the percentage of body fat, it
was determined that the respondents who
do not have diabetes have 34% of body fat,
while in people who have diabetes that value
is slightly higher and amounts to 39%. Body
fat is a metabolic organ that performs many
functions such as lipid storage, protective and
thermal insulation, immune response, endo-
crine functions and thermoregulation [23,24].
Recent research has concluded that body fat
acts as an endocrine organ [25,26]. Obesity is
often a precursor to DM2 and it is important
to take steps to regulate obesity to prevent DM
or reduce the complications of this disease.
Body composition and body fat distribution
are risk factors and can be considered a cause
of DM2 [27]. An analysis of the literature has
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Table 3. Differences in types of physical activity in relation to the presence of diabetes

Dependent Distinguishing groups
variable (type of U P n? The presence N Average Sum of
activity) of diabetes rank ranks
Job 817.00 <0.001 0.22 (D) 50 41.84 2092.00
o

(N) 57 64.67 3686.00
835.50 <0.001 0.13 (D) 50 42.21 2110.50

Transport
(N) 57 64.34 3667.50
889.50 <0.001 0.11 (D) 50 43.29 2164.50

Housework

(N) 57 63.39 3613.50
i 922.00 <0.001 0.10 (D) 50 43.94 2197.00

Free time
(N) 57 62.82 3581.00
. 738.00 <0.001 0.18 (D) 50 40.26 2013.00

Walking
(N) 57 66.05 3765.00
Moderate activ- 758.50 <0.001 0.17 (D) 50 40.67 2033.50
ities (N) 57 65.69 3744.50
i . 1125.00 <0.001 0.11 (D) 50 48.00 2400.00

Lively activities

(N) 57 59.26 3378.00
Total physical 681.00 <0.001 0.20 (D) 50 39.12 1956.00
activity (N) 57 67.05 3822.00

U — Mann-Whitney test; n? - measure the size of the effect

shown that insufficiently intense aerobic exer-
cise does not have a high probability of los-
ing weight [28]. A ten-year cohort study from
the early 1970s to the early 1980s, when obe-
sity was a health problem at the beginning,
suggests the following conclusion. Moderate
activity, according to the American National
Health and Nutrition Examination Survey,
was associated with a 3-fold greater risk of
large increase of body mass in men and almost
4-fold in women [29]. In a three-year study, in
34,079 women with an average age of 52.2 it
is noticed an 11% higher risk of weight gain
in those who had less than 7.5 MET hours of
physical activities per week compared to the
group of women who had more than 21 MET
hours per week, or who had about 300 min-
utes of moderate physical activities per week
[30]. Body exercise with a load or a combina-
tion of this type of exercise with running or
walking significantly reduces risk factors for
DM2 such as waist circumference, abdominal
adiposity, HDL level and others [31,32,33].

130 | www.biomedicinskaistrazivanja.mef.ues.rs.ba

In this paper, the statistical difference in age
between two groups of respondents can be
problematic. What may be correlated with this
difference is the association of aging, obesity,
and DM2 with declining pancreatic beta cell
function with age [34]. Aging is also associ-
ated with decreased mitochondrial function
and cartilage degradation, which contributes
to DM2 [35-39]. Numerous impairments occur
with obesity, aging and DM2 as a consequence
of a sedentary lifestyle and poor eating habits.
Physical activity is the only intervention that
can positively affect all impairments, includ-
ing the pathophysiology of all consequences
and symptoms [40]. A Spanish study of 412
patients with DM2 indicates that a small num-
ber of respondents adhere to the principle of a
healthy lifestyle. Namely, less than a quarter
adhere to a proper diet, and less than half ex-
ercise regularly [41].

Compared with obese patients without
DM2, obese patients with DM2 have a less
favorable distribution of body fat with an
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increase in visceral fat [42]. Excess visceral
adipose tissue is known to worsen insulin re-
sistance [42] and, therefore, increases the risk
of complications of diabetes. A 5% reduction
in body fat percentage in patients with DM2
was associated with improved glycemic con-
trol as assessed with glycosylated hemoglo-
bin [43]. In this study, there was no difference
in abdominal obesity estimated based on
waist circumference between the two groups
tested. However, when obesity was assessed
on the basis of body fat percentage, the ratio
of obese and non-obese individuals differed
significantly between subjects with diabetes
and subjects without diabetes. About 90% of
patients with diabetes are obese according
to the criterion of body fat percentage, while
only 58% of patients who do not have diabe-
tes are obese according to this criterion.

Obesity is known to significantly increase
the risk of developing metabolic disorders,
hypertension, cardiovascular diseases, stroke
and cancer. However, up to 30% of obese
patients are metabolically healthy. These in-
dividuals have preserved insulin sensitivity
and a lower visceral fat content compared to
most metabolically “unhealthy” obese pa-
tients [44]. Fluctuations in insulin sensitivity
occur throughout the life cycle. For example,
insulin resistance is observed during puber-
ty, pregnancy and aging [45]. In addition,
lifestyle variations, such as increased carbo-
hydrate intake and decreased physical activ-
ity, have been associated with fluctuations
in insulin sensitivity [46]. Insulin sensitivity
is also determined by the distribution of fat
in the body. Individuals who have more pe-
ripheral distribution of fat are more sensitive
to insulin than those who have a central fat
distribution [45]. Visceral fats have a greater
ability to secrete various proteins and hor-
mones [46].

Both DM2 and obesity are associated
with insulin resistance. The basic factor that
affects insulin resistance is the release of
non-esterified fatty acids. Increased release
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of non-esterified fatty acids has been ob-
served in DM2 and obesity, and has been as-
sociated with insulin resistance in both con-
ditions [46]. Shortly after the acute increase
in plasma non-esterified fatty acid levels,
humans begin to develop insulin resistance.
In contrast, when the level of non-esterified
fatty acids in plasma falls, as in the case of
the use of antilipolytic agents, the value of
peripheral insulin and the level of glucose
improves [47]. There is evidence that BMI,
central adiposity, and weight gain indicate
an increased risk of developing DM2 [48,49].
A meta-analysis of prospective studies has
provided evidence that an increase in up-
per-body adiposity increases the risk of
metabolic syndrome and DM2 development
[50]. The duration of obesity in younger peo-
ple compared to older individuals is also
associated with a higher risk of DM2 [51].
Weight gain, especially between the ages of
25 and 40, increases the risk of developing
DM2 [52]. Weight loss is obviously helpful in
reducing the risk of developing diabetes. In
a diabetes prevention program, it was found
that a medium weight loss of 5.5% over 2.8
years reduced the risk of progression from
prediabetes to diabetes by 58% [53].

Although exercise is an important compo-
nent of any effective weight loss strategy, sev-
eral studies have reported additive effects on
weight loss when exercise is combined with
reduced food intake. This can be achieved
either by reduced fat intake, or by reduced
carbohydrate intake or by the Mediterra-
nean diet [54,55,56]. The Mediterranean diet
has been shown to have beneficial metabolic
effects, as well as to delay the need for anti-
hyperglycemic drugs in patients with newly
diagnosed DM2 [57].

The results of our study show that in
all parameters, people without diabetes are
more active than people with diabetes. By
comparing total physical activities, it was
found that obese people without DM2 are
more active than people with DM2. Namely,
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patients who have DM2 are active on aver-
age about 2900 MET minutes, unlike patients
who do not have DM2 who are active on av-
erage about 5100 MET minutes. Decreased
physical activity is known to be one of the
risk factors for DM. Lack of physical activ-
ity and a sedentary lifestyle are risk factors
for cardiovascular diseases, DM2, and over-
all mortality [58,59]. The American Diabetes
Association has recommended that patients
with DM spend a maximum of 90 minutes
a day on a sedentary basis [60]. Changing a
sedentary lifestyle to a more active lifestyle
is a key to better DM2 management. Patients
with DM2 have lower physical and cardio-
respiratory fitness, lower energy expendi-
ture, fewer steps taken, and shorter duration
of physical activity compared with subjects
without this disease [14,15,16]. By compar-
ing muscle strength, it was found that people
with DM also have less muscle strength com-
pared to people who did not get sick [17,18].
By testing limb muscle strength and the con-
nection of this parameter with DM complica-
tions, it was shown that muscle strength was
negatively connected with the degree of DM
complications [61]. This explains that due to
the progression of DM, a decrease in phys-
ical activity can occur more and more, and
a decrease in physical activity leads to an
even greater progression and complications
of DM. Physical activity plays a major role in
the prevention and treatment of DM2. Stud-
ies have shown that aerobic exercise (walk-
ing, running, cycling) or strength training
reduced the absolute value of hemoglobin
Alc by about 0.6% [62], while the incidence
of microvascular complications decreased
by 37% [63]. It is assumed that the decrease
in hemoglobin Alc would be significant-
ly higher if, in addition to aerobic exercise,
strength exercises were applied [62]. One
large study showed that DM patients who
performed low-intensity physical activity
(90 min per week) had a significantly low-
er (14%) risk of mortality from all causes. In
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these subjects, there was an increase in life
expectancy by 3 years [64]. Since the often
recommended planned physical activity for
patients with DM is a burden, it is important
to emphasize that performing daily activities
of low to moderate intensity is an important
treatment for this group of people, because it
has been shown to have positive effects [64].
Daily activities include various activities that
lead to increased energy expenditure and
that are carried out in work and leisure time.
Those are most often: walking, working at
the desk, washing, cooking and recreational
sports. They can be of varying intensity, and
can sometimes be of the same intensity as a
planned structured exercise [67]. The results
of our study show that walking was signifi-
cantly less prevalent in people with DM2
compared to those without DM2. Although
walking should be the most common daily
activity, one study found that 55% of patients
with DM2 reported that walking is not their
regular physical activity [68]. Other studies
have shown that walking at moderate speeds
reduced the risk of DM2 by 20-30% in wom-
en who did not do any other intense physical
activity [69]. Patients with DM who walked
for at least 2 hours per week had a 39% re-
duction in all-cause mortality and a 34%
reduction in mortality from cardiovascular
compared with sedentary patients [70]. Also,
moderate-intensity physical activity such
as brisk walking, at least 150 minutes per
week, reduced the incidence of diabetes by
58% after less than 3 years of follow-up [71].
In the United States, it has been found that
about 40% of patients with DM use exercise
therapy [72], however, only 28% of patients
achieved the recommended level of physical
activity [73].

Increasing aerobic physical activity reduc-
es visceral fat, increases lean mass, reduces
depression, and improves glucose tolerance,
insulin sensitivity, and physical fitness. It
is therefore not surprising that all scientific
guidelines recommend at least 150 min/week
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of moderate aerobic exercise in combination
with resistance training to increase muscle
strength done three times a week [1,74,75,76].
According to these recommendations, no
form of activity should last less than 10 min-
utes [77]. Applied physical activity will lead
to a decrease in fat mass, and thus to an im-
provement in DM and a slowdown in the de-
velopment of DM complications.

This study had limitations, of which the
design of the study itself should be especial-
ly emphasized, as well as the relatively small
number of respondents.
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Znacaj fizicke aktivnosti kod obolelih od Secerne bolesti

Milo$ Purkovi¢', Danka Vukasinovi¢?, Una Radak?®, Milos Maksimovi¢?
'Studio za individualne treninge i opravak sportista i rekreativaca "Pamp’, Beograd, Srbija

2Univerzitet u Beogradu, Medicinski fakultet, Institut za higijenu sa medicinskom ekologijom, Beo-
grad, Srbija

3Univerzitet u Beogradu, Medicinski fakultet, Beograd, Srbija

Uvod. Gojaznost postaje globalno urgentno pitanje koje se smatra zdravstvenim problemom u ra-
zvijenim i zemljama u razvoju. Gojaznost je glavni faktor rizika za mnoge nezarazne bolesti poput
kardiovaskularnih bolesti, dijabetes melitus tipa 2 (DM2), hipertenziju, koronarnu bolest srca, ili odre-
dene vrste karcinoma. Fizicka aktivnost je presudna za zdrav nacin Zivota. Cilj ove studije bio je da se
utvrdi da li postoji razlika u fizickoj aktivnosti gojaznih osoba sa Secernom bolesti tipa 2 i gojaznih
osoba bez Secerne bolesti tipa 2.

Metode. U ovoj studiji preseka uklju¢eno je 50 gojaznih pacijenata sa Se¢ernom bolesti tipa 2 i 57
gojaznih pacijenata bez Secerne bolesti tipa 2. Svi pacijenti su prosli upitnik, antropometrijska mere-
nja i laboratijska ispitivanja. Dijabetes tipa 2 je dijagnostikovan u skladu sa Americkim udruzenjem
za dijabetes. Podaci o fizi¢ckoj aktvnosti prikupljeni su pomocu IPAQ upitnika (International Physical
Activity Questionnaire), koji je bio sastavljen od pitanja o raznim fizi¢ckim aktivnostima u prethodnih
7 dana.

Rezultati. Aktivnosti na poslu i na putu do posla kod pacijenata sa Se¢ernom bolesti tipa 2 bile su
znacajno nize u poredenju sa ovim aktivnostima kod pacijenata bez Secerne bolesti tipa 2 (p < 0.001).
Takode, fizicka aktivnost u slobodno vreme je manja kod osoba sa DM2 (p = 0.001). Samo u slucaju
ku¢nih poslova, pacijenti sa DM2 imali su vise iskoris¢enih metabolickih ekvivalenata (MET) minuta
Cija je stopa iskoriS¢enosti bila blizu 1700 MET minuta u odnosu na 1500 MET minuta kod osobe bez
DM2.

Zakljucak. Rezultati ove studije ukazuju na to da su gojazne osobe sa DM2 manje aktivne od goja-
znih osoba bez DM2. Samim tim, trebalo bi im preporuciti redovnu fizi¢cku aktivnost najmanje 150
minuta nedeljno u prevazilazenju problema bolesti gojaznosti i DM2.

Kljuéne redi: fizicka aktivnost, dijabetes melitus tip 2, gojaznost, IPAQ
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Summary

Introduction. Radiological assessment is still being considered a golden
standard when it comes to detection, follow-up and treatment of idio-
pathic scoliosis. However, it has universally been proven that radiation is
cumulative and that it has oncogenic effects. For this reason, nowadays
it is becoming increasingly popular to perform spinal ultrasounds using
the Scolioscan® device. Relevant research has shown diagnostic poten-
tial of the device and its application in the assessment and monitoring
of idiopathic scoliosis. The aim of our study has been to compare angle
measurements in ultrasound and radiological spinal images and to deter-
mine the role of ultrasound in the assessment process and follow-up of
patients with idiopathic scoliosis.

Methods. This cross-sectional study has been conducted on a sample of
172 patients. Its participants are boys and girls, patients of the Team for
Scoliosis that operates within the Department for Habilitation and Reha-
bilitation of Children in the Institute for Physical Medicine and Rehabilita-
tion”Dr Miroslav Zotovi¢", Banja Luka, the Republic of Srpska. Radiography
and ultrasound of the spine have been performed on every patient on the
same day. Three specially trained operators administrated the ultrasound
scanning, while four raters (i.e. doctors) measured the radiographic Cobb
angle and the ultrasound Scolio angle. Patients have been divided into
groups according to gender, curve location and curve severity.

Results. In general, ultrasound angles are shown to be smaller compared
to Cobb angles, which has been confirmed in previous studies as well.
The mean difference between Cobb and Scolio angle is statistically, but
not clinically significant (3.62+4.39°, p<0.001). There is a statistically sig-
nificant good positive correlation between the Cobb and the Scolio angle
(r=0.675, p<0.001). According to groups, our results indicate a better cor-
relation in the girls group (r=0.688, p<0.001) as opposed to the boys group
(r=0.632, p<0.001). The same holds true for the thoracic group (r=0.736,
p<0.001), compared to the (thoraco) lumbar group (r=0.654, p<0,001). A
stronger correlation can also be seen in the group with a Cobb angle that
is equal to or higher than 20° (r=0.518, p<0.05) than in the group with a
Cobb angle lower than 20° (r=0.462, p<0.001).

Conclusion. The results of our study confirmed a good validity of the ul-
trasound method using the Scolioscan® device, compared to convention-
al radiography, taking into account clinically insignificant differences in
angle measurements. Using only B-mode ultrasound images - with no
additional software analysis, nor 3D reconstruction of spinal deformities
— proved to be sufficient for a follow-up of scoliosis, with respect to other
parameters, such as clinical assessment, back surface topography, etc.

Key words: idiopathic scoliosis, ultrasound, radiography, imaging
|
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Introduction

Idiopathic scoliosis is a three-dimensional
spinal deformity with unknown etiology [1]
that occurs in seemingly healthy children
during growth, prominently progressing
while in puberty and adolescence. This con-
dition occurs more frequently in girls than in
boys, especially during their growth spurt [2].
If scoliosis exceeds a Cobb angle of 30° —and
particularly 50° [3] — there is a higher risk of
health problems in adulthood [4]. A spinal
deformity is structural and manifests in the
form of vertebral changes with lateral devi-
ation, rotation and impaired sagittal profile.
Idiopathic scoliosis can be diagnosed exclu-
sively via AP or PA radiography of the entire
spine. According to SRS, the diagnosis of sco-
liosis can be established if the Cobb angle is
10° at minimum, with an axial rotation [1].

Radiological assessment is still being con-
sidered a golden standard when it comes to
the detection, follow-up and treatment of
scoliosis [5]. However, it is a proven fact that
radiation is cumulative and has oncogenic
effects, thereby increasing the risk of breast
cancer in girls [6], as well as significantly con-
tributing to leukemia and prostate cancer [7].
Consequently, using devices with a low dose
of radiation (EOS) or no radiation at all (ul-
trasound, back surface topography) has be-
come more frequent lately. Even though such
methods still fail to replace conventional radi-
ography in the treatment of idiopathic scolio-
sis, in recent years they have been used more
frequently due to growing evidence of their
reliability and validity.

Performing spine ultrasounds via the
Scolioscan® device has become more popu-
lar and accessible worldwide. Relevant stud-
ies have shown its diagnostic potential and
application in the assessment of idiopathic
scoliosis [8,9,10,11]. It has also been demon-
strated that the ultrasound can be used for the
assessment of spinal flexibility, as well as for
the prediction of in-brace correction [12]. The
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main advantage of ultrasound, compared to
conventional radiography, is a complete ab-
sence of radiation. This enables its unlimited
application, without possible health conse-
quences in patients. Nevertheless, there are
differences between these two methods, par-
ticularly in angle measurement assessments.
Compared to conventional radiography, ul-
trasound imaging is unable to capture the pa-
tient’s pelvic area. It is therefore inadequate
in assessing the skeletal maturity according to
the Risser sign and, consequently, the risk of
progression. Also, it is not possible to assess
cervical and upper thoracic curves, as ultra-
sound scanning reaches only up to the first
thoracic vertebra. A 3D spine reconstruction
using additional software (ScolioStudio) is
possible, but it is more time-consuming and
requires further education of clinicians.

Previous research has demonstrated a
good to very good validity and reliability
for the ultrasound assessment of scoliosis. It
has been stated that ultrasound can reduce
the need for radiographs during follow-ups
and could additionally be used for scoliosis
screening [13].

The aim of our study has been to com-
pare angle measurements in ultrasound and
radiological spine images and to determine
the role of ultrasound when it comes to the
assessment and follow-up of patients with id-
iopathic scoliosis.

Methods

This cross-sectional study has been conduct-
ed with the approval of the competent Ethi-
cal Committee. The sample consists of 172
patients, boys and girls, who have been pa-
tients of the Team for Scoliosis that operates
within the Department for Habilitation and
Rehabilitation of Children in the Institute for
Physical Medicine and Rehabilitation “Dr
Miroslav Zotovi¢” in Banja Luka, the Repub-
lic of Srpska. The Team for Scoliosis consists
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Radiographic and ultrasound angle measurements in the assessment of idiopathic scoliosis

of doctors — specialists of physical and reha-
bilitation medicine — therapists and orthotists
who conduct conservative treatment for all
types of scoliosis, especially idiopathic scolio-
sis, according to SOSORT guidelines [1].

Radiography and ultrasound scans of the
spine were performed for each patient on the
same day. If, during the first examination in
our facility, a spinal deformity is suspected,
or a clinical deterioration is observed amidst
a regular follow-up, spine radiography is per-
formed. Indication for radiography is based
on anamnestic data, the presence of risk fac-
tors and a detailed clinical assessment of the
patient, including measurements of the angle
trunk rotation with a scoliometer.

Our facility administers a digital radiogra-
phy of the entire spine for the detection of sco-
liosis with possibility of spine measurements
using TraumaCad® software. The diagnosis
of scoliosis is established if the measured
Cobb angle is higher than 10°, with rotation
aspects of the vertebrae.

The Scolioscan® device system enables ul-
trasound imaging of the spine. Scolioscan® is
manufactured by Telefield Medical Imagining
Ltd. in Hong Kong, China and is comprised of
a hardware system that enables the scanning
process, as well as a software solution (Sco-
liostudio) for additional adjustments and 3D
spine reconstruction. Its most important fea-
ture is a radiation-free scoliosis assessment.
The short comings of Scolioscan® include
patient’s weight limit of up to 150 kg, as well
as the presence of metal and magnet implan-
tants in patients (i.e. pacemaker, defibrillator,
cochlear implantant).

The scanning process is fast and effortless.
The patient only needs to maintain a stable,
but relaxed posture for about 45 seconds to
one minute, for the duration of the scanning
process (Picture 1). The device is adjustable
to the patient’s height and width. Three op-
erators (technicians), with a successfully com-
pleted special training, administer the ultra-
sound scanning. Due to the absence of radi-
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ation, one can repeat the procedure as many
times as needed, without causing any harm to
the patient.

Picture 1. Scanning process on Scolioscan® device

After the scanning process, a B-mode im-
age of the spine is produced, which has been
used in this study. Additional analysis and 3D
spine reconstruction that are available in the
Scoliostudio software program have not been
employed in this study. Different raters (i.e.
doctors) have been in charge of the measure-
ment of radiographic and ultrasound angles,
in order to avoid subjectivity and its possible
impact on the measurement process.

A Scolio angle is an ultrasound angle that is
defined in our study by the same neutral ver-
tebrae as a radiographic Cobb angle. In order
to minimize the difference in angle measure-
ments — that are possible due to a pronounced
vertebral rotation in some curves — we have
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applied manual ultrasound measurements
with transverse processes as reference points.
Cobb angle is defined on digital radiography
by superior endplate of the upper neutral ver-
tebra and inferior endplate of lower neutral
vertebra which are chosen by the person who
takes measurements (Picture 2). Both Cobb
and Scolio angles are measured in degrees.

Picture 2. Radiographic Cobb angle measured on digital
radiography

Factors that can affect these differences in
image quality are: high BMI, significant ver-
tebral rotation, impaired sagittal profile, and
prominent spinal processes or scapulae.
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The inclusion criteria for this study con-
cern patients with idiopathic scoliosis, with
whom our Team has developed a good co-
operation during the clinical and diagnostic
assessment. While the ultrasound scanning
is being performed, it is required of patients
to maintain an upright position for up to
one minute, for the duration of the scanning,
without any movement whatsoever.

Non-cooperative patients, patients with
secondary scoliosis, patients with high tho-
racic and cervicothoracic curves, as well as
patients with a BMI higher than 85 percentiles
have been excluded from the study. The rea-
son for the latter is that the ultrasound scans
only up to the first thoracic vertebra (Thl),
which makes it impossible for the curves to be
visible. Patients with a high BMI result in hav-
ing low quality ultrasound images, making
the assessment difficult and inaccurate, thus
requiring additional adjustments and recon-
struction in the Scoliostudio software system.

When it comes to patients with multiple
scoliotic curvatures, only the primary curve
has been considered in the measurement pro-
cess.

There are three types of Scolio angle mea-
surements: automatic, manual with a spinous
process (SP) as a measurement reference
point and manual with a transverse process
(TP) as a measurement reference point (Pic-
ture 3). In order to provide greater accuracy
and increase the comparability between an-
gles, we have been using manual measure-
ments, as well as the same neutral vertebrae
that have been identified in X-ray and in ul-
trasound imaging. Landmarks that have been
used for the measurement are transverse pro-
cesses. Namely, curves with greater rotation
have displaced spinous processes, which can
lead to imprecise measurements and increase
the discrepancy between radiological and ul-
trasound angles. Patients have been divided
into three groups according their gender, pri-
mary curve location and curve severity. The
group created based on the primary curve
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location has additionally been divided into
two sub-groups: thoracic and (thoraco) lum-
bar group. The latter includes thoracolumbar
and lumbar curves. This division is based on
findings indicating that there are differences
in the measurement of ultrasound angles in
thoracic and (thoraco) lumbar curves.

Picture 3. Automatic, manual SP and TP ultrasound
measurements

Based on the severity of their curve, pa-
tients have been divided into two groups:
having a Cobb angle below 20° and having a
Cobb angle equal or above 20°. This threshold
is in accordance with the recommendations
for brace treatment, i.e. a Cobb angle that is
equal to or higher than 20°.

Statistical data analysis has been per-
formed using the program , SPSS for Windows
21”. To determine the correlation between
Cobb and Scolio angle — in total and accord-
ing to groups — a Pearson’s correlation test has
been conducted. To examine whether there
are statistically significant differences between
variables, a t-test with unequal variance has
been performed. The level of significance was
set to p <0.05. Logistic regression analysis has
been used to test the impact of the predefined
predictors (gender, curve location and curve
severity).

Results

Our sample consists of 172 patients with juve-
nile and adolescent idiopathic scoliosis (94 fe-
males and 78 males), with a mean age of 12.01
years (SD + 2.35, range 5 to 16).

The mean Cobb angle is 12.48° (SD + 5.95°,
range 4 to 43°) and the mean Scolio angle is
8.86° (SD + 3.98, range 2.2 to 27.1°), as present-
ed in Table 1.

The mean difference between Cobb and
Scolio angle is 3.62° (SD + 4.39), which is
statistically significant (p<0.001). When ex-
pressed in percentages, the value is 23.55%
(SD +29.50).

Table 1. Mean values and range of Cobb angle and Scolio angle in total

X-ray (° Cobb)

Ultrasound (° Scolioscan)

n M min max M min max
TOTAL 172 12.48+5.95 4 43 8.86+3.98 22 27.1
Table 2. Mean values of Cobb angle and Scolio angle according to gender
X - ray (° Cobb) Ultrasound (° Scolioscan)
n boys girls total boys girls total
172 10.99+4.19 13.72+6.86 12.48+5.95 8.16+3.56 9.44+4.22 8.86+3.98
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Table 2 presents the data according to gen-
der. In the boys group, the mean Cobb angle is
10.99° (SD+4.19, range 4 to 28°) and the mean
Scolio angle is 8.16° (SD+3.56, range 2.2 to 24.9°).
In the girls group, the mean Cobb angle is 13.72°
(SD+6.86, range 4 to 43°) and the mean Scolio
angle is 9.44° (SD+4.22, range 2.7° to 27.1°).

According to the location of the primary
curve, the thoracic group consists of 47 pa-
tients, while the (thoraco) lumbar group in-
cludes 125 patients. In the thoracic group, the
mean Cobb angle is 12.53° (§5D+7.45, range 4
to 43°), while the mean Scolio angle is 8.43°
(SD+4.18, range 2.8 to 24.9°). In the (thoraco)
lumbar group, the mean Cobb angle is 12.46°
(SD+5.31, range 5 to 33°) and the mean Scolio
angle is 9.02° (SD+3.90, 2.2 to 27.1°). This data
is presented in Table 3.

Table 3. Average Cobb and Scolio angle according
to curve location

Cobb angle Scolio angle
T 47 12.53+7.45 8.43+4.18
(T)L 125 12.46+5.31 9.02+3.90
Total 172 12.48+5.95 8.86+3.98

Table 4 illustrates data of the groups de-
fined according to curve severity. In the group
with a Cobb angle lower than 20°, there were
149 patients with a mean Cobb angle of 10.54°
(SD+3.47, range 4° to 19°) and a mean Scolio
angle of 8.05° (SD+2.98, range 20° to 43°). In
the group with a Cobb angle greater than 20°,
there were 23 patients with a mean Cobb an-
gle of 24.13° (SD+5.83, range 20° to 43°) and

a mean Scolio angle of 14.34° (S5D+5.16, range
8.7° to 27.1°).

There is a good positive correlation be-
tween angle measurements in radiography
and ultrasound imaging (r=0.675, statistically
significant p<0.001), as shown in Figure 1.

Based on gender, there was a slight differ-
ence in correlation in the girls group (r=0.688),
compared to the boys group (r=0.632, p<0.001),
in favor of girls.
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Figure 1. Correlation between radiographic Cobb and
ultrasound Scolio angle

According to curve location, the correla-
tion in the thoracic group is r=0.736 and in the
(thoraco) lumbar group it is r=0.654 (p<0.001).

According to curve severity, in the group
with a Cobb angle lower than 20°, the correla-
tion is r=0.462 (p<0.001), while in the group
with a Cobb angle equal or higher than 20° it
is r=0.518 (p<0.05).

Table 4. Mean values of Cobb and Scolio angle according to curve severity

n X-ray (° Cobb) Ultrasound (° Scolio angle)
M Min max M min max
°Cobb<20° 149 10.54+3.47 4 19 8.05+2,98 2.2 18.8
°Cobb>20° 23 24.13+5.83 20 43 14.3445.16 8.7 27.1
Total 172 12.48+5.95 4 43 8.86+3.98 2.2 27.1
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Two out of three predictors (gender, curve
location and curve severity) have a statistical-
ly significant contribution to the entire regres-
sion model (curve severity and location). The
best predictor is shown to be the Cobb angle
(odds ratio 1.24).

Discussion

Considering that the ultrasound imaging
method has only recently started to become
more widely used on patients with scoliosis,
the results of our study are very promising,
confirming the validity of ultrasound in the
detection and follow-up of spinal deformi-
ties in children, compared to conventional
radiography. Furthermore, it is possible to
predict that radiography might be used less
frequently in the future, since our results
confirm a good correlation in measurements
between radiological and ultrasound spine
images.

Our study did not question the reliability
of the Scolioscan®, since we relied on results
from previous studies that proved Scolios-
can® to be feasible and reliable, with a mean
ICC value of 0.94+0.04 (in the range from 0.88
to 0.97) between two operators and among
three raters [13]. Our study was blinded, three
operators conducting the scanning process,
while four raters being blinded.

The obtained results show the mean dif-
ference between radiological and ultrasound
angle being 3.62+4.39° (p<0.001). Even though
there is a statistical significance, the difference
is not considered notable in clinical settings.
The Cobb angle measurement error lies with-
in the interval of +5° [14,15], in which no im-
portant clinical decisions regarding the treat-
ment options are being made. Hence, one can
conclude that the difference between Cobb
and Scolio angle cannot be considered signif-
icant for the follow-up of patients with idio-
pathic scoliosis, especially when taking into
account additional parameters regarding the
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treatment decision (i.e. scoliometer readings,
back surface topography, etc).

Our results indicate a statistically signifi-
cant good positive correlation between angle
measurements in radiography and ultrasound
imaging (r=0.675, p<0.001). This is significant,
since other radiation-free scoliosis assessment
methods indicate that a correlation coefficient
of at least 0.55 represents a moderate to good
correlation [16].

The results according to groups demon-
strate a slightly better correlation in the girls
group than in the boys group (r=0.688 vs.
r=0.632). Furthermore, a better correlation
has been detected in the thoracic group than
in the (thoraco) lumbar group (r=0.736 vs.
r=0.654). Additionally, a better correlation
could be seen in the group with a Cobb an-
gle equal to or higher than 20°, compared to
the group with a Cobb angle lower than 20°
(r=0.518 vs. r=0.462).

The contrast in results for groups catego-
rized according to gender can be explained by
the difference in sagittal profile development
of girls and boys according to their age. It
has been proven that girls enter growth spurt
during postural instability [17], which is why
spinal deformities and impaired sagittal pro-
files are more prevalent in girls. Changes in
sagittal profile (reduced thoracic kyphosis
and lumbar lordosis) can affect the scanning
process, the image quality and, consequently,
the measurement precision. A better correla-
tion in thoracic curves, compared to (thoraco)
lumbar curves, is possibly achieved due to a
different anatomical structure of the spine in
these two regions. Different sagittal profiles
and vertebral rotations (which incorporates
the ribs in the thoracic region) can affect the
measurement precision.

According to the severity of the curve cri-
teria, we have observed a better correlation in
a Cobb angle that is equal to or higher than
20°, which can be explained by a smaller
curve range, since there have only been 23 pa-
tients in this group.
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Ultrasound angles are generally lower
than Cobb angles, which has been confirmed
in previous studies [13,18]. This can be ex-
plained by the fact that ultrasound mea-
surements include more posteriorly located
structures (spinous and tranverse process-
es), while radiography uses more anteriorly
located structures (vertebral bodies).

The results of our study confirm a good
correlation between ultrasound and radio-
logical angle measurements, although not as
high as observed in previous studies. Zheng
et al. [13] demonstrated a moderate to strong
correlation (R2=0.72) between Scolio and
Cobb angles for both the thoracic and the
lumbar regions. Nevertheless, the difference
between Scolio and Cobb angles is shown to
be 4.7°and 6.2°, with and without the cor-
relation respectively, using the overall re-
gression equation, which is consistent with
our results. Brink et al. [18] found excellent
linear correlation between Cobb and Scolio
angles — for the thoracic region R2>0.987 and
for the (thoraco) lumbar region R220.970. In
the same study, the authors found no signif-
icant difference between various ultrasound
angle measurements (automatic SP, manual
SP, and manual TP). Therefore, our choice of
manual measurements with transverse pro-
cesses (TP) taken as reference points should
not have interfered with the results.

The study of Tin-Yan Lee et al. [19], ob-
served very good correlations between Cobb
and Scolio angles — R2=0.893 in the thoracic
region and R2=0.884 in the lumbar region,
with an angle difference of no more than 3.0°
for thoracic, and 1.5° for (thoraco) lumbar
curves. Compared to this study, our results
indicate a greater angle differences, which
can possibly be ascribed to the difference in
Cobb angle intervals of patients (8-70° vs.4-
43°).

In their prospective study with a large
number of patients (n=952), Wong et al. [20]
confirmed a very good correlation between
Scolio and Cobb angles — measured using

146 | www.biomedicinskaistrazivanja.mef.ues.rs.ba

EOS radiography - that is statistically sig-
nificant (p < 0.001). As it was the case in our
study, as well as in previously mentioned
studies, a better correlation has been ob-
served in upper spinal curves (r=0.873) than
in lower spinal curves (r=0.740).

When comparing the results obtained in
our research with other studies, we can ob-
serve a contrast in Cobb and Scolio angle
correlations. This can be explained by the
difference in image quality standards for
measurements, as well as differences in the
level of staff training and experience. Our
study used B-mode ultrasound images for
measurements, which are obtained direct-
ly after the scanning process without fur-
ther software analysis or 3D reconstruction.
Such a decision has been made for various
reasons. Firstly, the reconstruction process
is time-consuming and requires additional
training. Secondly, in accordance with the
previously stated observation, our aim was
to examine whether a high quality B-mode
image is sufficient for the detection and fol-
low-up of scoliosis. In other studies, addi-
tional software adjustments have been con-
ducted with a 3D reconstruction of the spine
model, which certainly enables a better visi-
bility and more precise measurements.

Recently, Scolioscan Air has been intro-
duced, the world’s first portable ultrasound
scoliosis assessment system. It has proven to
be sufficiently comparable to Scolioscan® in
the assessment of scoliosis, while overcom-
ing its shortcoming of space limitation, and
expanding its indications for its application
[21].

The usage of ultrasound imaging in the
detection and follow-up of scoliosis has be-
come more prevalent worldwide due to its
non-radiation feature. Curve measurements
obtained via Scolioscan® prove to be highly
reliable, with good to excellent correlation
with the conventional radiographic Cobb
method.
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Conclusion

Ultrasound assessment via the Scolioscan®
device represents a great step forward in the
process of detection and follow-up of pa-
tients with idiopathic scoliosis. Despite some
shortcomings, the predominant advantage of
the ultrasound method is a radiation-free as-
sessment. Scoliosis patients who need long-
term monitoring and treatment will be able
to avoid radiation-related health issues.

The results of our study confirm a good
validity of the ultrasound method via the Sco-
lioscan® device compared to conventional ra-
diography, considering the clinically insignif-
icant differences in angle measurements.

Using B-mode ultrasound images only
with no additional software analysis or 3D
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Poredenje radiografskih i ultrazvucnih mjerenja ugla u procjeni idiopatske skolioze

Samra Pjani¢, Goran Tali¢, Dragana Bojinovi¢-Rodic

Zavod za fizikalnu medicinu i rehabilitaciju,,dr Miroslav Zotovic¢”, Banja Luka, Republika Srpska,
Bosna i Hercegovina

Uvod. Radioloska dijagnostika i dalje se smatra zlatnim standardnom u detekciji, pra¢enju i lije¢enju
idiopatske skolioze. Medutim, dokazano je kumulativno i onkogeno djelovanje zracenja. Ultrazvuk
kicmenog stuba pomocu Scolioscan® uredaja postaje sve popularniji i pristupacniji Sirom svijeta s
obzirom na to da su relevantna istrazivanja pokazala njegov dijagnosticki potencijal i primjenu u
procjenii pracenju idiopatske skolioze. Osnovna prednost ultrazvuka u odnosu na standardnu radio-
grafiju je potpuno odsustvo zracenja. Cilj naseg istrazivanja je bio da uporedimo mjerenja ugla skoli-
oti¢ne krivine na ultrazvuku i radiografiji kicmenog stuba i da utvrdimo ulogu ultrazvuka za procjenu
i prac¢enje deformiteta ki¢cmenog stuba kod pacijenata sa idiopatskom skoliozom.

Metode. Studija presjeka se sastojala od 172 pacijenta, djecaka i djevojcica, koji su pacijenti Tima
za skoliozu na Odjeljenju za habilitaciju i rehabilitaciju djece u Zavodu za fizikalnu medicinu i re-
habilitaciju ,Dr Miroslav Zotovi¢” u Banjoj Luci, Republika Srpska. Kod svakog pacijenta uradena je
radiografija i ultrazvuk ki¢menog stuba istog dana. Tri posebno edukovana tehnicara su provodila
ultrazvu¢na skeniranja, a Cetiri ljekara su mjerila radiografski Cobb-ov ugao i ultrazvucni Scolio ugao.
Pacijenti su podijeljeni u grupe prema polu, lokaciji primarne krivine i veli¢ini krivine. Korelacija izme-
du Cobb-ovog uglaiScolio ugla na ukupnom uzorku i prema grupama utvrdena je Pearson-ovim ko-
relacionim testom. Da bi se ispitala statisticka znacajnost u razlici izmedu varijabli, kori¢en je T-test
ponovljenih mjerenja (p<0,05). Logisti¢ka regresiona analiza je uradena da se utvrdi uticaj prediktora
(pol, lokacija primarne krivine i veli¢ina krivine).

Rezultati. Ultrazvucni uglovi bili su uopSteno manji u odnosu na Cobb-ove uglove, $to je potvrdeno
u dosadasnjim studijama. Prosje¢na razlika izmedu Cobb-ovog i Scolio ugla bila je statisticki, ali ne i
klinicki znacajna (3,62 £4,39°, p<0,001). Postoji statisti¢ki znacajna dobra pozitivna korelacija izmedu
Cobb-ovog i Scolio ugla (r=0,675, p<0,001). Prema grupama, rezultati pokazuju postignutu bolju ko-
relaciju kod djevoijcica (r=0,688, p<0,001), u odnosu na djecake (r=0,632, p<0,001). Takode je prisut-
na bolja korelacija u grupi sa primarnim torakalnim krivinama (r=0,736, p<0,001) u odnosu na grupu
sa (torako) lumbalnim krivinama (r=0,654, p<0,001). Bolja korelacija se uo¢ava i u grupi sa Cobb-ovim
uglom jednakim ili ve¢im od 20° (r=0,518, p<0,05) u odnosu na grupu sa Cobb-ovim uglom manjim
od 20° (r=0,462, p<0,001).

Zakljucak. Rezultati naseq istrazivanja su potvrdili dobru valjanost ultrazvu¢ne metode koris¢enjem
Scolioscan® uredaja u odnosu na standardnu radiografiju, s obzirom na klini¢ki beznacajne razlike u
mjerenjima uglova. Koris¢enjem samo B-mode opcije na ultrazvuku bez dodatne softverske analize
i 3D rekonstrukcije deformiteta kicmenog stuba pokazalo se dovoljnim za pracenje skolioze, ako se
uzmu u obzir i drugi parametri (klini¢cka procjena, topografija leda). Ocekuje se da ce dalja istraziva-
nja sa upotrebom dodatnih softverskih alata omoguditi preciznija ultrazvu¢na mjerenja i pokazati da
li ¢e se dijagnoza skolioza u buduénosti modi postaviti iskljucivo ultrazvukom.

Kljuéne rije¢i: idiopatska skolioza, ultrazvuk, radiografija
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Introduction

Summary

Introduction. Serological testing for SARS-CoV-2 virus infection is a
valuable method of estimating the extent of COVID-19 disease prev-
alence. The study aims to assess the seroprevalence of SARS-CoV-2
virus infection in a specific group of respondents employed in the
health insurance sector, to determine the ratio of symptomatic and
asymptomatic cases, as well as to examine susceptibility to COVID-19
in relation to the ABO blood group system.

Methods. This research was conducted among 150 randomly select-
ed employees from the health insurance sector of the Republic of
Srpska. All respondents completed the survey, voluntary consent to
participate, and had a blood sample taken. Serum samples were test-
ed for the presence of SARS-CoV-2 specific IgG antibodies.

Results. The seroprevalence of SARS-CoV-2 virus infection was
70.7%. Out of the 100 seropositive respondents, 48% had the pres-
ence of a symptom of COVID-19, while 52% had no symptoms of the
disease in the period from 1 March 1 2020 until the day of testing.
Examining the association between ABO blood group system and se-
ropositivity in our study, we found that the highest seroprevalence of
SARS-CoV-2 IgG antibodies among respondents was in blood group
B (83.3%), followed by blood group AB (80.0%) and blood group A
(75.0%), while the lowest seroprevalence was among respondents
with blood group O (54.1%).

Conclusion. Among employees in the health insurance sector, SARS-
CoV-2 seroprevalence of 70.7% was registered. Among respondents
with a positive serological result on IgG, 52% were asymptomat-
ic. The seroprevalence of SARS-CoV-2 virus infection is the lowest
among subjects with blood group O.

Key words: COVID-19, seroprevalence, healthcare professionals,
blood types

Coronavirus disease 2019 (COVID-19), also known as novel coronavirus pneumonia (NCP), was
first recorded in Wuhan, China in December 2019. At the beginning of March 2020, there were
more than 80,000 infected people, of whom 3,200 died in China. According to the World Health
Organization, from the beginning of the pandemic to 28 May 2021, 168,040,871 cases of COVID-19
and 3,494,758 deaths worldwide were confirmed. In Bosnia and Herzegovina, 203,658 cases and
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9,184 deaths were confirmed in the same peri-
od [2]. In the Republic of Srpska, the first cases
of COVID-19 were confirmed on 5 March 2020,
and until 27 May 2021, 63,996 persons were test-
ed positive, of whom 3,667 died [3].

COVID-19 infection rate and mortality rate
vary between countries [4]. The exact reason
for the different infection and mortality rates
depending on the population is not clear. Sev-
eral factors, such as age, gender, genetics, pres-
ence of comorbidities, and economic status,
could be attributed to inequalities in suscepti-
bility to COVID-19 disease and the severity of
the clinical picture of the disease [4].

The beginning of epidemiological sur-
veillance was accompanied by laboratory
diagnostics. Over time, with the increase in
the number of patients, both in the Republic
of Srpska and around the world it was not
possible to confirm all suspicious cases us-
ing RT-PCR test. In addition, as the epidemic
progressed, asymptomatic cases of infection
were found. According to Oran et al., asymp-
tomatic infections account for approximately
40% to 45% of infections [5].

A study conducted by Korth and co-work-
ers at the University Hospital of Essen between
25 March and 21 April 2020, found an overall
IgG antibody prevalence among healthcare
workers of 1.6%, being the highest in the group
of healthcare workers with medium risk in re-
lation to exposure [6].

A study conducted by Oliveira et al. in-
vestigated the prevalence of anti-SARS-CoV-2
antibodies in outpatients at a clinic in Sao Pau-
lo, Brazil. This serological study included 439
patients from several outpatient services of
which 61 patients were positive (13.9%). The
prevalence of IgG was lower in patients who
received a seasonal influenza vaccine [7].

In the midst of the 2019 SARS-CoV-2 pan-
demic, several brief scientific reports have
been published examining the link between
the ABO blood group system and the risk of
SARS-CoV-2 virus infection [8]. Latz et al,,
as well as Zietz et al., found that individuals
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with blood group O were at the lowest risk for
SARS-CoV-2 infection [9,10].

In December 2020, the Medical Faculties
in Foca and Banja Luka and the Public Health
Institute of the Republic of Srpska, with the
approval of the Ministry of Health and Social
Welfare of the Republic of Srpska, launched a
national seroprevalence study of anti-SARS-
CoV-2 antibodies. The study found that the
seroprevalence in the Republic of Srpska was
40.3% [11].

So far, there have been no seroepidemi-
ological investigations in specific groups in
the Republic of Srpska, nor studies of the con-
nection between the seroprevalence of SARS-
CoV-2 and ABO blood groups. Therefore,
this study aims to assess the seroprevalence
of SARS-CoV-2 in a specific group of respon-
dents employed in the health insurance sector,
who do not work in the provision of health
services, to determine the ratio of symptomat-
ic and asymptomatic cases, and to examine the
relationship between seroprevalence and ABO
blood groups.

Methods

The study included 150 respondents (110 fe-
male and 40 male respondents) employed in
the Health Insurance Sector of the Republic of
Srpska, Banja Luka branch office, who do not
work in the provision of health care services.
After getting acquainted with the goals of the
study, the respondents voluntarily accepted
to participate in the study. The survey was
conducted in March, 2021.

The collection of data and blood samples
in the field was performed by trained health
workers employed at the Faculty of Medicine
in Foca. Laboratory analysis of samples was
performed in the laboratory of the Faculty of
Medicine Foca.

Participants answered questions from a
two-part questionnaire. The first part of the
questionnaire referred to the basic data on the
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respondent. In the second part of the question-
naire, respondents answered questions related
to COVID-19, symptom history, hospitaliza-
tion, testing and PCR and/or rapid antigen or
serological test results, vaccination, and the
presence of symptoms in household members.

A blood sample was taken from all re-
spondents by peripheral venipuncture. Blood
samples were taken from 8 to 11 a.m. After
venipuncture, the blood was left for 30-35
minutes at room temperature to coagulate
spontaneously. The serum was separated af-
ter centrifugation at 3000 rpm for 10 min, the
serum was separated. The sera were trans-
ported in the cold chain regime to the Faculty
of Medicine in Foca on the same day.

Serum samples were tested for the presence
of specific antibodies to SARS-CoV-2 IgG using
ELISA method by commercial tests EUROIM-
MUN Medizinische Labordiagnostika AG, Ger-
many. The measurement was performed on a
EUROIMMUN ELISA Analyzer I-2P (“Euroim-
mun AG”). EUROIMMUN ELISA SARS-CoV-2
At is an ELISA test for the semi-quantitative de-
tection of IgG antibodies to SARS-CoV-2 virus
in human serum or plasma. The cut-off value
recommended by the manufacturer for positivi-
ty is>1.1. The test has a sensitivity of 94.36% and
a specificity of 100%.

The seroprevalence of SARS-CoV-2 virus
infection was assessed as the proportion of
individuals who had positive results to a se-
rological test for the presence of specific IgG
antibodies. Descriptive statistical measures
are presented for the basic characteristics of
the respondents. Pearson’s chi-square test
was used to determine the difference between
categorical variables, while the parametric
Student’s t-test was used to determine the dif-
ference between quantitative variables. Pear-
son’s chi-square test was used to determine
the difference in the frequency of seropreva-
lence between blood groups. Student’s t-test
was used to determine the difference in an-
tibody levels of seropositive respondents ac-
cording to age and in relation to the presence
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and/or absence of symptoms. All tests refer to
two-way testing. The cut-off value for deter-
mining the existence of a statistically signifi-
cant difference is p<0.05.

Results

The study involved 150 respondents, of whom
40 (26.7%) were male and 110 (73.3%) were fe-
male. The educational structure showed that
122 respondents (83%) were highly educated,
while 25 (17%) respondents had secondary ed-
ucation. Respondents were divided into two
categories according to age. In the age group up
to 40, there were 74 respondents (49.7%), while
in the group of respondents older than 40 there
were 75 of respondents (50.3%). The youngest
respondent was 21 and the oldest 64 years old.
The seroprevalence of SARS-CoV-2 virus infec-
tion in healthcare employees was 70.7%. The se-
roprevalence in men was higher and amounted
to 77.5%, and in women it was 68.2%.

Regarding the mean values of the levels
of specific IgG antibodies to SARS-CoV-2, no
statistically significant difference was found
between the category older than 40 (4.55) com-
pared to the category younger than 40 (3.55),
(t=1.811, DF=98, p=0.073). Out of 100 seroposi-
tive subjects, 48% of them had the presence of
some symptoms of COVID-19, while 52% of
them did not have any symptoms of the men-
tioned disease in the period from 1 March 2020
until the day of testing. The mean value of the
titer of specific antibodies to SARS-CoV-2 IgG
in respondents with the presence of symptoms
was 3.37, while the mean value of the titer of
specific antibodies to SARS-CoV-2 IgG in re-
spondents without the presence of symptoms
was 4.68 (Figure 1). The analysis of these data
indicates that the mean values of the titer of
specific antibodies to SARS-CoV-2 IgG of sero-
positive respondents were statistically signifi-
cantly higher in those who did not have symp-
toms of COVID-19, compared with respon-
dents with symptoms of COVID-19 (t=2.724,
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DF=96, p=0.008). Out of the total number of re-
spondents, 130 of them mentioned their blood
group. The results of the study of the distribu-
tion of seropositive and seronegative subjects
and seroprevalence by blood groups are shown
in Table 1. From the results shown in Table 1, it
can be seen that the highest frequency of sero-
positive respondents was in respondents with

The value of titer (average)
S = N W = Ul O N @

Yes

blood group A, while the largest number of re-
spondents with seronegative results belonged
to blood group O.

Out of the total number of respondents, 46
(33.6%) were tested by RT-PCR test, while 54
(41.5%) were tested by rapid antigen or sero-
logical test. These tests results are shown in
Table 2.

No

The presence of symptoms

Figure 1. Mean values of the titer of specific antibodies to SARS-CoV-2 IgG in seropositive respondents in relation

to the symptoms of COVID-19

Table 1. Ratio between blood groups and serological testing results, IgG seroprevalence for SARS-CoV-2

The result of serological testing Chi- IgG

Blood group p-value seroprevalence
Positive Negative square to SARS-CoV-2

A 36 (40.0%) 12 (30.0%) 8,649 0.034 75.0%

B 20 (22.2%) 4 (10.0%) 83.3%

AB 8 (8.9%) 2 (5.0%) 80.0%

(@) 26 (28.9%) 22 (55.0%) 54.1%

Total 90 (100.0%) 40 (100.0%) 69.2%

Table 2. Results of previous testing by RT PCR test and/or rapid antigen or serological test

Number of tested out of the total

Type of previous testing

Previous test result N (%)

number of respondents N (%) Positive Negative
COVID-19 RT-PCR test 46 (33.6) 23 (16.3) 23 (16.3)
Rapid antigen or serological test 51 (40.2) 26 (18.4) 25 (17.7)
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Out of the total number of respondents, 46
(33.6%) of them stated that they were tested by
PCR test in the period from 1 March 2020 until
the day of testing for SARS-CoV-2 IgG. Com-

paring the frequency of seropositivity between
the group of PCR positive and PCR negative
subjects, a statistically significant difference was
found (x2 =4.487, DF =1, p =0.028) (Table 3).

Table 3. Results of RT PCR testing in relation to the qualitative value of serological testing for SARS-

CoV-21gG
Qualitative value of IgG (positive or negative)
Total
Positive Negative
N 19 4 23
Yes % 61.3 26.7 50.0
Was the PCR % out of Total 41.3 8.7 50.0
test positive? N 12 11 23
No % 38.7 73.3 50.0
% out of Total 26.1 23.9 50.0
N 31 15 46
Total % 100.0 100.0 100.0
% out of Total 67.4 32.6 100.0

Out of the total number of respondents
in our study, 9 (6.4%) have received the first
dose of a vaccine, 3 respondents (33.3%)
have received the second dose of a vaccine.
Among our respondents, 64 (46.7%) stated

that some members of their family had some
of the symptoms of COVID-19 from 1 March
2020 until the day of testing, out of which 39
(60.9%) were proven by RT-PCR test (Table 4).

Table 4. Presence of symptoms in respondents and their family members and vaccine coverage

Yes No Total
N (%) N (%)
Have you had any symptoms of COVID-19 from 1
March 2020 until the day of testing? 69 (46.3) 80 (53.7) 149
Have any of your family members had any of the
symptoms of COVID-19 since 1 March 2020? 64 (46.7) 73 (533) 137
If yes, has their infection been confirmed by PCR? 39 (60.9) 25(39.1) 64
Have you received the first COVID-19 vaccine dose? 9 (6.4) 132 (93.6) 141
Sputnik V Pfizer-BioNTech
If yes, which vaccine have you received? 9
7 (77.8) 2(22.2)
Have you received the second vaccine dose? 3(33.3) 6 (66.7) 9
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Discussion

Our study was conducted in late March 2021,
in order to assess the seroprevalence of SARS-
CoV-2 virus infection in a specific group of re-
spondents employed in the health insurance
sector, who by the nature of their work do
not work in the provision of healthcare ser-
vices, and to determine the ratio of symptom-
atic and asymptomatic cases, and to examine
susceptibility to COVID-19 in relation to the
ABO blood group system.

A total number of 150 randomly selected re-
spondents participated in the study, of which 40
(26.7%) were male and 110 (73.3%) were female.
The seroprevalence of SARS-CoV-2 virus infec-
tion in the study group was 70.7%.

Having in mind the importance of assessing
the seroprevalence of SARS-CoV-2 virus infec-
tion for the purposes of public health activities
and planning, a number of studies on this topic
have been conducted worldwide. Thus, in the
period from 25 March to 21 April, 2020, Korth
et al. conducted a study in Germany among
316 health professionals who have direct con-
tact with COVID-19 patients. In the study pop-
ulation, the seroprevalence was 1.6%, as evi-
denced by a semi-quantitative ELISA test [6].

Iversen et al. conducted a seoprevalence
study among specific categories of the pop-
ulation, such as voluntary blood donors and
health-care workers. The study was conducted
in Denmark in the period from 15 April to 23
April, 2020. The seroprevalence among health-
care workers was higher than that of voluntary
blood donors and amounted to 3.04% [12].

In a study conducted between 5 May and 15
May 2020 in Northern Italy among 6,075 sub-
jects, the seroprevalence of SARS-CoV-2-IgG
was 23.1% [11]. In April 2020, a screening of
employees (1,500 respondents) was performed
in 22 nursing homes in Stockholm with a rap-
id COVID-19 test to detect specific antibodies
to SARS-CoV IgM and IgG. Seropositive em-
ployees were found in 21 out of the 22 nurs-
ing homes. The seroprevalence of SARS-CoV-2
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IegG antibodies in the study population was
23%, while 14.3% of the respondents were pos-
itive for IgM antibodies (alone or in combina-
tion with IgG), indicating the recent presence
of infection. Of those who were seropositive,
46.5% reported no clinical symptoms indicat-
ing asymptomatic infection [14].

Grant et al. conducted a seroprevalence
study in healthcare workers in London in the
period May-June 2020, the seroprevalence of
SARS-CoV-2-IgG was 31.6% [15].

A systematic literature review conducted
by Rostami et al. included 47 studies, in which
399,265 people from 23 countries participated.
Heterogeneity was observed among the stud-
ies (12=99.4%, p<0.001). The seroprevalence of
SARS-CoV-2 in the general population varied
from 0.37% to 22.1%, with a cumulative estimate
of 3.38% (95% CI 3.05-3.72%; 15 879/399 265) [16].

The seroprevalence of SARS-CoV-2 infec-
tion registered in our study has higher values
than those published so far, both among the
groups exposed to patients and among the
unexposed. Our respondents do not work on
providing health care, but in the front offices
they have the possibility of contact with pa-
tients who come to the institution for various
certificates in order to exercise their rights in
the field of healthcare protection. The higher
values of SARS-CoV-2 infection seroprevalence
can be explained by the fact that our research
was conducted during the third wave of the
pandemic, while the other mentioned studies
were conducted during the first or the second
wave, almost a year earlier than our research.
In addition, at the time of conducting the cited
studies, immunization against COVID-19 had
not yet been initiated, which in our case could
have had an effect on increasing seropreva-
lence. Out of the total number of seropositive
respondents in our study, 52% of them did not
report any symptoms of COVID-19, which is in
accordance with a study conducted by Johanna
et al. in Stockholm during April 2020 [14].

Previous reports have shown an asso-
ciation of ABO blood group systems with
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susceptibility to a wide range of infections
such as severe acute respiratory syndrome
infection with SARS-CoV-2 virus, West Nile
virus, Human Immunodeficiency virus, Hep-
atitis B and Norwalk virus [14]. The possible
association between the ABO blood group
system and COVID-19 infection and mortal-
ity was highlighted. Blood group A has been
shown to be a risk factor for the development
of COVID-19 disease, while blood group O
has a lower incidence rate than the mentioned
disease [17]. Similar results were obtained in
a study by Latz et al. [9], as well as Zietz et
al. [10]. The study conducted by Latz et al.
found the results showing that blood group
A did not correlate with positive COVID-19
test results (AOR:1.00, CI:0.88-1.13), while
blood groups B and AB were associated with
a higher probability of a positive COVID-19
test result (AOR:1.28, CI:1.08-1.52; AOR:1.37,
CI:1.02-1.83). Blood type O is associated with
a lower probability of a positive COVID - 19
test result (AOR: 0.84, CI: 0.75-0.95) [9].

The study conducted by Zietz et al. showed
a slightly increased prevalence of Coronavirus
infection in people who were not blood group
O. The risk of intubation was lower in people
with blood group A, and increased in people
with blood groups AB and B compared to peo-
ple with blood group O. A higher probability
of mortality was found in people with blood
group AB, and lower in people with blood
groups A and B [10].

Several pathophysiological mechanisms
of association between the ABO blood group
system and SARS-CoV-2 virus infection have
been proposed [18]. Anti-A and/or anti-B anti-
bodies, which are, for example, present in indi-
viduals with O group, can bind to A and/or B
antigens expressed on the viral envelope, thus
preventing infection of target cells, or these
naturally occurring antibodies could function
as antibodies to neutralize the virus [18]. If
these assumptions are correct, differences in
initial susceptibility to SARS-CoV-2 infections
could be explained in this way.
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Zhao et al. found that the incidence of
COVID-19 infection was higher in people
with AB blood group [19], but Zietz and Ta-
tonetti found that blood group AB was asso-
ciated with reduced COVID-19 infection [10].
Moreover, during 2020, Zhao et al. found that
blood group A was associated with higher
mortality of COVID-19, and blood group O
with lower mortality [19].

Examining the association between ABO
blood group system and seropositivity in our
study, we found that the highest seroprevalence
of SARS-CoV-2 virus infection was among re-
spondents with blood group B and it was
83.3%, while lower blood values were record-
ed in other blood groups. Thus, the seropreva-
lence in respondents with blood group AB was
80%, while respondents with blood group A
had a seroprevalence of 75%. Respondents with
O blood group had the lowest seroprevalence
(54.1%), which is in accordance with research
in France and Turkey. Gallian et al. in a study
conducted in France showed that people with
blood group O have a lower seroprevalence rate
of SARS-CoV-2 virus infection [20], which was
also shown by a study conducted by Goker et al.
in Turkey in April 2020. [21]. Further research is
needed to explain the reasons for the protective
role of blood group O.

Zeng et al. in their study did not find any
association between ABO blood types and
mortality from COVID-19. The contradiction
of the obtained results could be due to the
small size of the sample, the residual conclu-
sion from the heterogeneity of the population,
the difference in the region, etc. [22].

While the diagnosis of acute SARS-CoV-2 in-
fection is performed by RT-PCR test in respirato-
ry samples, there is a growing demand for sero-
logical tests for population-based epidemiologi-
cal studies and for the assessment of infection in
individuals [23]. Recent studies have confirmed
the suitability of various commercial immuno-
tests including a high-throughput platform with
a random approach for determining SARS-Cov-
2-IgG in patients with COVID-19 [23].
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Determination of IgG antibodies to SARS-
Cov-2 is the method of choice for assessing
the seroprevalence of SARS-CoV-2 virus in-
fection. Measurement of SARS-CoV-2-IgG
using automated immunoassays allows rapid
testing of a large number of samples [24].

Study limitations

The study has certain limitations, because it
did not include the examination of cellular im-
munity. In addition, memory bias in respond-
ing to the presence of COVID-19 symptoms
is possible. Also, other respiratory infections
may have been present during the observed
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Seroprevalencija infekcije virusom SARS-CoV-2 kod zaposlenih u sektoru
zdravstvenog osiguranja

Biljana Mijovi¢, Dejan Bokonji¢, Dragana Puhalo Sladoje, Dragan Spai¢,
Jelena Vladici¢ Masi¢, Andela Mandi¢, Srdan Masic
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Uvod. Seroloska ispitivanja infekcije virusom SARS-CoV-2 su dragocjena metoda procjene obima ra-
Sirenosti COVID-19 oboljenja. Studija ima za cilj da procijeni seroprevalenciju infekcije virusom SARS-
CoV-2 u specifi¢noj grupi ispitanika zaposlenih u sektoru zdravstvenog osiguranja, da odredi omjer
simptomatskih i asimptomatskih slucajeva, kao i da ispita osjetljivost na COVID-19 u odnosu na ABO
sistem krvnih grupa.

Metode. Ovo istraZivanje je sprovedeno medu 150 slu¢ajno odabranih zaposlenih radnika iz sektora
zdravstvenog osiguranja Republike Srpske. Svi ispitanici su popunili anketu, dali dobrovoljni prista-
nak za ucesce i uzet im je uzorak krvi. Uzorci seruma su testirani na prisustvo specifi¢nih IgG antitijela
na SARS-CoV-2.

Rezultati. Seroprevalencija infekcije virusom SARS-CoV-2 je bila 70,7%. Od 100 seropozitivnih ispita-
nika, njih 48% je imalo prisustvo bilo kog simptoma COVID-19, dok 52% nije imalo nijedan simptom
navedenog oboljenja u periodu od 1. marta 2020. godine do dana testiranja. Ispitivanjem poveza-
nosti izmedu ABO sistema krvnih grupa i seropozitivnosti u nasem ispitivanju dosli smo do rezultata
da je najveca seroprevalencija SARS-CoV-2 IgG antitijela medu ispitanicima bila kod krvne grupe B
(83,3%), zatim kod krvne grupe AB (80,0%) i krvne grupe A (75,0%), dok je najmanja bila medu ispi-
tanicima 0 krvne grupe (54,1%).

Zakljucak. Kod zaposlenih iz sektora zdravstvenog osiguranja registrovana je seroprevalencija in-
fekcije virusom SARS-CoV-2 od 70,7%. Medu ispitanicima sa pozitivnim seroloskim rezultatom na
IgG 52% je bilo asimptomatsko. Seroprevalencija infekcije virusom SARS-CoV-2 je najmanja medu
ispitanicima sa 0 krvnom grupom.

Kljuéne rije€i: COVID-19, seroprevalencija, zdravstveni radnici, krvne grupe
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Introduction

Summary

Introduction. Stroke is one of the leading causes of morbidity and
mortality worldwide. The relationship between metabolic syndrome
(MetS) and homocysteinemia (Hcy) as risk factors for ischemic stroke
(IS) is not completely clear. The aim of the study was to determine the
frequency of MetS, serum level of Hcy and the frequency of hyperho-
mocysteinemia (HHcy), as well as their association in patients with IS.

Methods. The research included 53 subjects being in rehabilitation af-
ter IS and 40 subjects in the control group in rehabilitation due to the
back pain problems aged 50-70 years. The diagnosis of the ischemic
stroke was established by insight in the medical documentation. All
subjects had to have a diagnosis of stroke confirmed by imaging (CT or
MR of the endocranium). All subjects in the control group were exclud-
ed from the existence of previous stroke, myocardial infarction, angina
pectoris and peripheral vascular disease. MetS was defined according
to the joint statement from 2009.

Results. The frequency of MetS was significantly higher in patients with
IS compared to the control group (88.7% vs. 70.0%, p<0.05). The level
of Hcy and the frequency of HHcy were increased in the patients with
stroke compared to the control group (15.0+£5.50 pumol/L vs. 11.2+2.51
pmol/L, p<0.01 and 39.2% vs. 11.4%, p<0.01, respectively). Among pa-
tients with IS, those with MetS had higher frequency of HHcy (42.2%
vs. 16.7%, p<0.05) and it increased with more individual components
of MetS (11.1% in patients with 3 components, 36.8% in patients with
4 components and 64.7% in patients with 5 components, p<0.05). Hcy
was also in positive correlation with serum triglyceride level.

Conclusion. Our results suggest that MetS and Hcy represent a signif-
icant risk factors for IS. It seems that there is an association between
these risk factors in pathogenesis of the IS, but further analyses are
needed to confirm this hypothesis.

Key words: ischemic stroke, metabolic syndrome, homocysteine, ath-
erosclerosis, obesity

Stroke is one of the leading causes of morbidity and mortality worldwide [1,2]. Metabolic
syndrome (MetS) is a group of metabolic and hemodynamic disorders that multiplies risk of
atherosclerotic cardiovascular diseases (CVD). Patients with MetS have several times higher
morbidity and mortality from type 2 diabetes mellitus (DM2), stroke and myocardial infarc-
tion [3]. The presence of MetS also increases the risk of the recurrent stroke [4].

160 | www.biomedicinskaistrazivanja.mef.ues.rs.ba



Most commonly described components of
MetS are high blood pressure, dyslipidemia
(high triglycerides (Tg) and low high-density
lipoprotein cholesterol level (HDL)), insulin re-
sistance (IR) with consequent hyperglicaemia
and visceral obesity [3]. There were many dif-
ferent criteria for MetS diagnosis in the past but
in 2009, criteria were internationally agreed [5].

Homocysteine (Hcy) is sulfur-containing
amino acid derived from methionine. Folic
acid, vitamins B12 and B6 have an important
role in homocysteine-methionine metabolic
cycle [6]. Many prospective studies established
Hcy as an independent risk factor for CVD,
including stroke [7]. It is estimated that 5-7%
of whole population have mild to moderate
hyperhomocysteinemia (HHcy) and the main
reasons are vitamins deficiency, medication,
kidney diseases and genetic disorders [8].

Interaction between MetS/IR and HHcy
has been described, but nature of that link
has not yet been established well and data of
many studies are conflicting [9-14]. Some au-
thors even suggest that HHcy should be an
additional constituent of MetS [6].

In a study of Meigs patients with DM2,
as well as experimental animals with IR, had
HHcy which was associated with changes in
key enzymes of Hcy metabolism. It is sup-
posed that methionine elimination stimulated
by insulin could explain these findings [15].
Homocysteine-thiolactone, active form of
Hcy, inhibits insulin-induced tyrosine phos-
phorylation of beta-subunit insulin receptors
and its substrate: insulin receptor substrate
1 and p60-70 in rat liver cells [10]. Paterson
et al. showed that Hcy dose-dependently in-
hibits insulin releasing in pancreatic beta cells
[16]. In insulin resistant experimental animals
HHcy may be caused by hyperinsulinemia
but Hcy may also cause IR through insulin
receptor kinase inhibition. Thus, HHcy might
be a cause or/and a result of IR [13]. The aim
of this study was to determine the frequency
of MetS, level of Hcy and frequency of HHcy,
as well as their association, in patients with IS.

Godiste 12 Decembar 2021

Metabolic syndrome and homocysteinemia in ischemic stroke

Methods

The cross-sectional study included 53 consec-
utive patients with IS recruited from the neu-
rological department of the Institute of Physi-
cal Medicine and Rehabilitation "’Dr Miroslav
Zotovi¢” in Banja Luka one to three months
after the acute event. The study group consist-
ed of 53 patients who had suffered an acute
ischemic stroke, and were in rehabilitation at
the above-mentioned Institute. The diagnosis
of the disease was established by insight in the
medical documentation. All subjects had to
have a diagnosis of ischemic stroke confirmed
by imaging (CT or MR of the endocranium).
A control group consisted of 40 gender- and
age-matched patients in rehabilitation due to
degenerative spinal diseases hospitalized at
the same time in the above-mentioned Insti-
tute. All subjects in the control group were ex-
cluded from the existence of previous stroke,
myocardial infarction, angina pectoris and
peripheral vascular disease by anamnesis and
insight of previous medical documentation.

The waist circumference (WC) was mea-
sured in the horizontal plane at the midpoint
between the last right rib and the iliac crest
using an inelastic fiberglass tape. Blood pres-
sure (BP) was measured by standard sphyg-
momanometer at least 10 minutes after rest.
For each patient BP was measured in dupli-
cate and mean value was used. Blood sample
was collected after a 12-hour fasting period to
determine HDL, Tg, glucose and Hcy levels.
Enzymatic colorimetric method was used to
determine glucose, HDL i Tg serum levels.
Hcy serum level was measured by Chemilu-
miniscent microparticle immunoassay meth-
od (Architect Tacrolimus device, produced
by Abbot Laboratories). Reference values for
Hcy level in serum were defined by kit pro-
ducer: 5.46 — 16.20 umol/L for men and 4.44-
13.56 pmol/L for women.

MetS was defined according to the joint
statement from 2009 (5). At least three of five cri-
teria are requested to fulfill diagnostic criteria:
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1. Elevated waist circumference (> 94 cm
for males and > 80 cm for females);

2. Elevated Tg (= 1.7 mmol/L) or use of
medication for hypertriglyceridemia;

3. Reduced HDL cholesterol (<1.0 mmol/L
for males and <1.3 mmol/L for females);

4. Elevated blood pressure (systolic 2130
mmHg and/or diastolic > 85 mmHg),
diagnosis of hypertension or use of
medication for hypertension;

5. Elevated fasting glucose (=5.6 mmol/L)
or use of medication for hyperglycemia.

Normality of data was tested by the Kolm-
ogorov-Smirnov test. For group comparisons,
chi-square test, Mann-Whitney U test and
Student t-test were used, as appropriate. Cor-
relations were assessed using Spearman’s
rho. Significant testing was two-sided, with
alpha set to 0.05 for statistical significance and
0.01 for high statistical significance.

Table 1. Descriptive statistics parameters

Results

Table 1 shows descriptive statistics parame-
ters of age, parameters of MetS (WC, systol-
ic and diastolic BP, glycaemia, Tg and HDL)
and homocysteinemia for both groups, such
as statistic parameters of LDL and total cho-
lesterol for examined group.

Mean homocysteinemia value among pa-
tients was 15.04 pmol/L, vs. 11.16 umol/L
among controls (p<0.01) (Table 1). MetS was
found among 88.7% patients with stroke and
table 2 shows prevalence of HHcy among ex-
amined and control group. HHcy was present
among 39.2% examinees and 11.4% controls
and the diference was statisticly significant
(p<0.01). Patients from the examined group
with MetS had HHcy in 42.2% cases, while pa-
tients without MetS had HHcy in 16.7% cases.
The diference wasn’t statistically significant

Group Number Mean SD Min-Max
A Patients 53 63.28 5.97 61.68 64.89
8¢ Controls 40 58.48 5.43 56.79 60.16
we Patients 53 97.75 12.34 94.43 101.08
Controls 39 98.92 9.65 95.90 101.95
lS) st(()ilic Patients 53 135.85 12.62 132.45 139.25
00
pressure Controls 39 138.72 18.49 132.92 144.52
l])DliaszloliC Patients 53 80.75 7.30 78.79 82.72
00
pressure Controls 39 85.38 8.22 82.80 87.97
. Patients 53 5.86 1.76 5.39 6.33
Glycaemia
Controls 40 6.06 1.98 5.45 6.68
Total Patients 43 6.05 1.37 5.64 6.46
cholesterol Controls - - _
Patients 53 0.90 0.21 0.84 0.95
HDL
Controls 40 1.43 0.41 1.30 1.56
Patients 12 3.31 1.14 2.67 3.96
LDL
Controls - - -
T Patients 53 1.77 0.86 1.53 2.00
5 Controls 40 1.96 2.10 1.31 2.61
He Patients 51 15.04 5.50 13.53 16.55 t df P
¥ Controls 35 11.16 2.51 10.33 11.99 4.420 75 <0.01

WC — Waist Circumference, HDL - High Density Lipoprotein, LDL - Low Density Lipoprotein, Tg - Triglycerides,
Hcy - Homocysteine
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most likely because of small numbers of pa-

tients without MetS (Table 3).
Prevalence of HHcy was

with the numbers of MetS components in
the examined group. Patients with three

MetS components had HHcy in 11.1% cases,

those with four MetS components in 36.8%,

increasing

(Figure 1).

Table 2. Prevalence of HHcy among examined group and control group

while patients with all five MetS compo-
nents had HHcy in 64.7% cases (p<0.05)

HHL Patients Controls Total
c
v Number % Number % Number %
Yes 20 39.22 4 11.43 24 27.91
No 31 60.78 31 88.57 62 72.09
Total 51 100.00 35 100.00 86 100.00
c2 df p
7.966 1 0.005
HHcy - Hyperhomocysteinemia
Table 3. Prevalence of HHcy in regard to MetS among examined group
Patients with MetS Patients without MetS Total
HHcy in regard to MetS
Number % Number % Number %
Yes 19 42.22 1 16.67 20 39.22
No 26 57.78 6 83.33 32 60.78
Total 45 100.00 6 100.00 51 100.00
2 df p
1.450 1 0.228
HHcy - Hyperhomocysteinemia, MetS - Metabolic Syndrome
HHcy
B Yes M No
88,89%
63,16% 64,71%
36,849 5,29%
11,119
3 4
components components components

Figure 1. HHcy prevalence in regard to number of MetS components in the examined group HHcy - Hyperhomocysteinemia,

MetS - Metabolic Syndrome
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Table 4 shows Pearson’s correlation of ho-
mocysteinemia with MetS components in the
examined group. Homocisteinemia positively
correlated with serum Tg level and it was sta-
tistically significant. Other MetS components

had slightly positive correlation with Hcy, ex-
cept HDL which had slightly negative correla-
tion. These correlations weren’t statistically
significant.

Table 4. Pearson’s correlation of homocisteinemia and MetS components

o o e g
v g T8 =23 s
B B & o = 8 = 5 R g
Pearson’s correlation & s = E a3 2 3 o 5
S = g Tg B¢ g g 2
& 2 < v A RS ©)
e T 2 =
r 1.000 0.125 0.288 -0.223 0.190 0.136 0.241
Homocysteine
p 0.382 0.041 0.116 0.183 0.340 0.089
0.125 1.000 0.141 -0.371 0.229 0.358 0.139
Waist circumference
p 0382 0.314 0.006 0.099 0.009 0.321
T r  0.288 0.141 1.000 -0.369 0.075 0.062 0.001
8 p 0041 0.314 0.007 0.593 0.658 0.997
r -0.223 -0.371 -0.369 1.000 -0.315 -0.366 -0.075
HDL cholesterol
p 0.116 0.006 0.007 0.022 0.007 0.596
r 0.190 0.229 0.075 -0.315 1.000 0.661 0.280
Systolic blood pressure
p 0.183 0.099 0.593 0.022 0.000 0.042
r 0.136 0.358 0.062 -0.366 0.661 1.000 0.177
Diastolic blood pressure
P 0.340 0.009 0.658 0.007 0.000 0.205
. r 0.241 0.139 0.001 -0.075 0.280 0.177 1.000
Glycemia
p  0.089 0.321 0.997 0.596 0.042 0.205
Tg - Triglycerides, HDL-High Density Lipoproteins
Discussion diagnosis. In general population older than

Most of the examinees of the present cross-sec-
tional study had several metabolic impair-
ments and thus fulfilled criteria for MetS di-
agnosis. Prevalence of the MetS was high in
both examined groups yet it was significantly
higher in patients with IS (89% vs 70%).

The data from other studies about MetS
prevalence are heterogeneous taking into ac-
count different criteria used for its diagnosis,
as well as influence of the gender, age and
ethnicity of the examined population on MetS
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20-25 years MetS prevalence in men in urban
areas varies from 8% in India till 24% in the
USA and from 7% in France till 43% in Iran
in women. MetS prevalence in general pop-
ulation increases with aging and it amounts
from 7% in the examinees aged 21-29 and 44%
in the examinees aged 60-69 years in Ameri-
can population [17]. The frequency of MetS is
even higher in patients with manifest athero-
sclerotic diseases. Olijhoek et al. found that
43% of patients with stroke met criteria for
MetS diagnosis [18] while in a study of Reffat
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et al. that percentage was 57% for all types of
stroke and 64% for ischemic stroke [19]. In all
of these studies NCEP ATP III criteria were
used for MetS diagnosis [20]. In the present
study we used more strict criteria for MetS
diagnosis and data from other authors that
used the same criteria are limited. That fact as
well as older participants could explain high-
er prevalence of MetS in this study compared
to previous studies. Low level of physical ac-
tivity and sedentary lifestyle due to chronic
back pain could contribute to high prevalence
of MetS in the control group.

In the present study the examinees with IS
had significantly higher value of homocystein-
emia as well as three times higher prevalence
of HHcy in comparison to the control group.
Fallon et al. found that increase of homocys-
teinemia of 4.7 umol/L increases the risk for
IS of 20-40% in male smokers in Finland [21].
Many studies showed that Hcy is independent
risk factor for atherosclerotic vascular diseases
[6,7,11,12] while some authors found positive
correlation between Hcy level and vascular de-
mentia occurrence after IS [22].

We also analyzed the association between
MetS and HHcy in the patients with stroke.
HHcy was present in 42% of patients with
MetS and only in 17% of patients without di-
agnosis of MetS. This difference was not sig-
nificant most likely because of the small num-
ber of patients without MetS. As the number
of MetS components increased, the frequency
of HHcy also increased which further indi-
cates the association between MetS and HHcy
in patients with IS.

The data from literature about the asso-
ciation between MetS and homocysteinemia
are conflicting and they are limited when it
comes to agreed criteria for MetS diagno-
sis that we used. Some studies did not find
any connection between Mets and Hcy levels
[9,10] or even found inverse correlation be-
tween IR and homocysteinemia [23], but the
majority of the studies found positive cor-
relation of MetS or its components and Hcy
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[6,11,12,13,15,24,25,26]. Bellia et al. showed
that 67% of patients with CVD had MetS and
HHcy simultaneously. The authors supposed
that MetS could be significant pathogenetic
factor through which HHcy induces vascular
damage and increases CVD risk [27]. In Fram-
ingham’s study HHcy had moderate positive
correlation with hyperinsulinemia and se-
rum Hcy levels were significantly higher in
examinees with three or more MetS compo-
nents compared with those without MetS or
with single MetS component [15]. Setola et
al. lowered Hcy and insulin serum levels and
improved insulin sensitivity and endothelial
function in patients with MetS by prolonged
treatment with folic acid and vitamin B12
[28]. HHcy and MetS interact in atheroscle-
rotic vascular diseases by promotion of oxida-
tive damage, endothelial cell dysfunction, in-
creased platelets aggregation, etc. [6,24,25,26].

When it comes to the correlation of MetS
single components and homocysteinemia we
found that only serum Tg levels had signifi-
cantly positive correlation while other compo-
nents had slightly positive correlation and lev-
els of HDL had slightly negative correlation.

Positive correlation between serum Tg
and Hcy levels that we found in the current
study is in correlation with results of other
authors [29] and could be explained by inhi-
bition of fatty acid oxidation caused by Hcy
which leads to serum Tg elevation [30]. Some
in vitro experiments on human cells showed
that Hcy induce endoplasmic reticulum stress
which leads to higher expression of genes re-
sponsible for cholesterol and Tg biosynthesis,
as well as their takeover and accumulation in
cells [31].

We did not find a positive correlation be-
tween visceral obesity, measured by WC, and
plasma homocysteine level. Conflicting data
have been published on the association of Hcy
and obesity. Most studies showed that body
mass index (BMI), as a measure of obesity,
did not correlate with Hcy level. On the oth-
er hand, abdominal adiposity was significant

www.biomedicinskaistrazivanja.mef.ues.rs.ba | 165



Biomedicinska istraZivanja 2021;12(2):160-169

predictor of plasma Hcy level [32,33]. Recent
meta-analysis by Wang et al. showed that ho-
mocysteine concentrations were significantly
elevated among obese patients [34]. These are
in contradiction to findings of this study.

Conclusion

In conclusion, we can say that patients with
IS had high prevalence of MetS and HHcy as
significant risk factors for this disease. MetS
and Hcy interact in promotion of atheroscle-
rotic vascular diseases such as IS but nature of
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Uvod. Mozdani udar predstavlja jedan od vodecih uzroka morbiditeta i mortaliteta Sirom svijeta.
Povezanost izmedu metaboli¢ckog sindroma (MetS) i homocisteinemije (Hcy) kao faktora rizika za is-
hemijski mozdani udar (IMU) nije dovoljno rasvijetljena. Cilj istraZivanja je bio da se ustanovi ucesta-
lost MetS, nivo Hcy u serumu i ucestalost hiperhomocisteinemije (HHcy), kao i njihova medusobna
povezanost kod oboljelih od IMU.

Metode. Istrazivanjem su bila obuhvaéena 53 ispitanika na rehabilitaciji nakon IMU i 40 ispitanika
kontrolne grupe koji su bili na rehabilitaciji zbog bola u ledima starosti od 50 do 70 godina. Dijagno-
za IMU je postavljena uvidom u medicinsku dokumentaciju i svi bolesnici su morali imati dijagnozu
potvrdenu ,imaging” metodom (KT ili MR endokranijuma). Svim ispitanicima kontrolne grupe isklju-
¢eno je postojanje ranijih mozdanih i sréanih udara, angine pektoris i periferne vaskularne bolesti.
Dijagnoza MetS je postavljena na osnovu usaglasenih, zajednickih kriterijuma iz 2009. godine.

Rezultati. Ucestalost MetS je bila znacajno visa kod bolesnika sa mozdanim udarom u odnosu na
kontrolnu grupu (88,7% vs. 70,0%, p<0,05). Nivo Hcy u serumu i u€estalost HHcy su bili visi kod bo-
lesnika sa mozdanim udarom u odnosu na kontrolnu grupu (15,0+5,50 umol/L vs. 11,242,571 umol/L,
p<0,01i39,2% vs. 11,4%, p<0,01). Pacijenti sa IMU i MetS imali su ve¢u ucestalost HHcy u odnosu
na one bez MetS (42,2% vs. 16,7%, p<0,05) i njena ulestalost je rasla sa porastom broja pojedinacnih
komponenti sindroma (11,1% kod pacijenata sa 3 komponente, 36,8% kod pacijenata sa 4 kompo-
nente i 64,7% kod pacijeneta sa 5 komponenti, p<0,05). Nivo Hcy u serumu je bio u pozitivnoj kore-
laciji sa nivoom triglicerida u serumu.

Zakljucak. Nasi rezultati sugerisu da MetS i Hcy predstavljaju znacajne faktore rizika za nastanak
IMU. Cini se da postoji povezanost izmedu ovih faktora rizika u patogenezi IMU, ali su potrebna dalj-
nja istrazivanja da bi se potvrdila ova hipoteza.

Kljuéne rijeci: ishemijski mozdani udar, metabolicki sindrom, homocistein, ateroskleroza, gojaznost
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Introduction

Summary

Introduction. Alcoholic liver cirrhosis is an advanced stage of pro-
gressive liver failure with an often adverse outcome. Numerous scor-
ing systems are used to predict outcomes. The results of MELD Score
(Model For End-Stage Liver Disease) and CLIF Consortium Acute De-
compensation score (CLIF-C ADs) were used in this paper to deter-
mine which one is more reliable in predicting mortality.

Methods. The value of CLIF-C AD and MELD scores using online cal-
culator at the time of hospitalization was calculated. Follow-up has
also started during hospitalization and control examinations in the
next 3 months.

Results. This study included 145 patients of both genders, diagnosed
with alcoholic liver cirrhosis. During the first 3 months from the mo-
ment of the calculation of the score, 39 patients (32 male and 7 fe-
male patients) passed away, which represents 82.1% versus 17.9%.
The mean age of patients was 59.18 + 9.19 years. All CLIF-C AD scores
of 99 and above had a 100% probability of death in the first 3 months.

Conclusion. The CLIF-C AD score proved to be more reliable than the
MELD score in predicting mortality in patients with alcoholic liver cir-
rhosis in the first 3 months.

Keywords: CLIF-C AD score, MELD score, alcoholic liver cirrhosis

Generally, liver cirrhosis is a common disease caused by numerous etiological agents, indi-
vidually or synergistically [1]. In the Balkans, given the habits of the population, the most
common etiological agent is a long-term consumption of alcohol, which inevitably leads to the
liver damage and progresses to liver cirrhosis [2]. If supportive measures or liver transplants
are not applied, cirrhosis of the liver usually ends fatally [3].

In order to predict the severity of cirrhosis of the liver, the numbers of scoring systems that
we use for monitoring were created [4]. MELD and CLIF-C AD scoring systems were used in
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this paper. These are online calculators, where
the known values were entered into a mathe-
matical formula, calculating the probability of
death within 3 months. Clinicians use both of
the scores in predicting mortality in everyday
practice with very similar confidence [5, 6].

Data on patient dialysis, at least twice in
the last 7 days, creatinine, bilirubin, INR and
sodium values were used to calculate the
MELD score [7]. Age, sodium, creatinine, leu-
kocyte and INR were used for the calculation
of CLIF-C ADs [8].

The aim of this study was to determine
whether CLIF-C AD score or MELD score
were more confident in prediction of mortali-
ty within 3 months after the diagnosis of alco-
holic liver cirrhosis was confirmed.

Methods

Patients have been hospitalized at the Univer-
sity Clinical Center of the Republic of Srpska
for the last 3 years (from January 1, 2018 to Jan-
uary 1, 2021). This study included 145 patients
of both genders, diagnosed with alcoholic liver
cirrhosis. Medical history data from the clini-
cal information system and discharge letters of
patients were analyzed. The value of CLIF-C
AD and MELD scores using an online calcula-
tor (mathematical formula) at the time of hos-
pitalization was calculated. Follow-up has also
started during hospitalization and control ex-
aminations for the next 3 months. The obtained
results were analyzed in the SPSS program.

Results

In the mentioned period, out of 145 patients,
in the first 3 months from the moment of the
calculation of the score, 39 patients (32 male
and 7 female patients) passed away which
represents 82.1% versus 17.9% and 26.89% of
mortality. The mean age of patients was 59.18
+9.19 years.

Godiste 12 Decembar 2021
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The lowest value of MELD score is 11,
which represents a 6% probability of death in
the first 3 months, while the highest value is
40, and represents 81.30% probability of death
in the first 3 months.

The lowest value of CLIF-C AD was 39,
which represents a 67% probability of death.
The highest value of CLIF-C AD was 127,
which represents a 100% probability of death
within 3 months (Table 1).

Table 1. Alcoholic liver cirrhosis patients’ charac-
teristics

Characteristics | Count (N) Percent (%)
Number of 39 100.00
patients
Mean age 59.18 £9.19
Gender
Male 32 82.10
Female 7 17.90
SCORE

probability of dying
LD Vel within 3 months
Minimum 11 6.00%
Maximum 40 81.30%
CLIF-C AD ey | oAl GGG

within 3 months

Minimum 67 39.00%
Maximum 127 100.00%

Note, all values of CLIF-C AD score of 99
and above have a 100% probability of death in
the first 3 months.

Linear regression analysis of the depen-
dent variable mortality and independent
variables of MELD and CLIF-C AD scores
showed statistical significance in the predic-
tion of early mortality in favor of the CLIF-C
AD score (p =0.026).
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Discussion

Alcoholic liver cirrhosis as a dominant etio-
logical agent of progressive liver failure in the
Balkans is a special challenge for the health
system. Treatment of patients is expensive,
and liver transplantation is still very difficult
to be achieved [2]. Given the habits of the in-
habitants, we are talking about the predomi-
nance of male patients. The mean age of de-
ceased patients was 59.18 years. The mean
age of the patients in Bhattarai et al. [9] was
54 years, while in Bell et al. [10] was 58 years,
and Sugimura et al. [11] was about 60 years.
The mentioned authors also noted the pre-
dominance of the male in relation to the fe-
male patients.

The main goal of the liver cirrhosis treat-
ment, if transplantation is unattainable, is
symptomatic-supportive therapy [3]. In order
to monitor the success of the therapy and the
prognostic significance, corrected if neces-
sary, numerous scoring systems were created.
MELD and CLIF-C AD scores were used in
this paper [5,6]. The essence is in the fact that
these are online scoring systems, calculators,
each of them uses 5 parameters, which we en-
tered into a mathematical formula and thanks
toit you get a value expressed in numbers, i.e.
the percentage that is the probability of death
within 3 months.

Retrospective analysis of discharge letters
and the remaining necessary documentation

Funding source. The authors received no specific funding
for this work.

Ethical approval. The Ethics Committee of the University
ClinicalCenteroftheRepublicofSrpskaapprovedthestudy
and informed consent was obtained from all individual
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in the clinical information system extracted
the necessary parameter data at the time of
hospitalization and calculated the score val-
ue. The mentioned patients were followed for
the next 3 months and the reliability of one in
relation to the other score was analyzed.

In our study, the statistical significance
and much higher reliability of the CLIF-C
AD score in relation to the MELD score were
noted. Jalan et al. suggested that CLIF-C AD
score is more accurate in predicting prognosis
for 225 cirrhotic patients in their study [8] and
Baldin et al. [12] confirmed the same state-
ment for 266 patients with alcoholic liver cir-
rhosis reminding that high CLIF-C AD score
is associated with higher organ dysfunction
and increased short-term mortality. Perdig-
oto et al. noted that MELD score performed
better for 3 months mortality prediction. In
their study, 118 patients were enrolled, while
39 patients had higher 28-day and 90-day
mortality suggested that CLIF-C AD revealed
good accuracy when ACLIF is present, how-
ever MELD score performed better for 90-day
mortality prediction [13].

Conclusion

The CLIF-C AD score proved to be more
reliable than the MELD score in predicting
mortality in patients with alcoholic liver cir-
rhosis in the first 3 months.

respondents. The research was conducted according to
the Declaration of Helsinki.

Conflicts of interest. The authors declare no conflict of in-
terest.
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CLIF-C AD skor u odnosu na MELD skor u predvidanju mortaliteta kod
pacijenata sa alkoholnom cirozom jetre
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Uvod. Alkoholna ciroza jetre je uznapredovali stadijum progresivne jetrene insuficijencije sa ¢esto
nepovoljnim ishodom. Za predvidanje ishoda koriste se brojni sistemi bodovanja od kojih su u ovom
radu koriséeni rezultati MELD skora (Model For End-Stage Liver Disease) i CLIF Consortium Acute
Decompensation skora (CLIF-C ADs) sa ciljem da se utvrdi koji je pouzdaniji u predvidanju ranog
mortaliteta.

Metode. Izracunata je vrijednost CLIF-C AD i MELD skora koris¢enjem onlajn kalkulatora prilikom
prve hospitalizacije. Pracenje je takode uslijedilo tokom hospitalizacije i kontrolnih pregleda u na-
redna 3 mjeseca.

Rezultati. Ovim istrazivanjem obuhvaceno je 145 pacijenata, oba pola, sa dijagnozom alkoholne
ciroze jetre. Tokom prva 3 mjeseca od momenta izracunavanja inicijalnog skora, preminulo je 39 pa-
cijenata (32 muskog i 7 zenskog pola), $to predstavlja 82,1% prema 17,9%. Prosjecna starost pacije-
nata bila je 59,18 £ 9,19 godina. Sve vrijednosti CLIF-C AD skora 99 i vise imale su 100% vjerovatnocu
smrtnog ishoda u prva 3 mjeseca.

Zakljucak. Pokazalo se da je CLIF-C AD skor pouzdaniji od MELD skora u predvidanju mortaliteta kod
pacijenata sa alkoholnom cirozom jetre u prva 3 mjeseca.

Kljuéne rijeéi: CLIF-C AD skor, MELD skor, alkoholna ciroza jetre
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Quality Management - a basic instrument in Healthcare
systems

Hans-Giinther Sonntag

Summary
University of Heidelberg,
Center for Infectious Diseases,
Department of Hygiene
and Medical Microbiology,
Heidelberg, Germany

In industry and the public sector quality has become the important
management challenge of the 21 century. Although quality should
be self-understanding in healthcare the reality shows another picture.
There are nowadays international standards and models of quality ex-
cellence which make the introduction and control of quality manage-
ment even in healthcare easier and allow a better benchmarking. The
Model of Business Excellence of the EFQM with the five enabler criteria
and the four result criteria can be used as a basic guideline. Focusing
on such main parameters like leadership, people, strategy and policy,
resources and processes which are important background criteria for
quality it can be easily adapted to the requests of quality in almost all
healthcare fields. Definitions of the different quality aspects like quali-
ty assurance, quality management, total quality management, quality
control show that there are still special quality parameters in health-
care which need to be recognized. Reality in healthcare still shows a
lot of deficiencies concerning quality measurements. Quality in health-
care including the mentioned key criteria will only be effective if it is

an integrated part of the daily work by all people who are concerned
Copyright: ©2021 Hans-Gtinther Sonntag. with healthcare.
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Introduction

Quality is a management challenge in the 21% century. While in former times quality mostly
was a matter of industry and industrial products, in the last years new fields of application and
new branches especially in the public sector like administration, finance, healthcare institutions
and education make increasing use of the benefits of quality management. Although quality in
healthcare seems to be self-evident, there are certain quality criteria which in view of the tre-
mendous development in medical research might have been forgotten or lost. The focusing on
quality measures in healthcare therefore seems to be necessary to remind all healthcare workers
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to realize that especially in this field quality is
a basic requirement. In the meantime, there are
many institutions which sell a broad variety of
methods which might support the implemen-
tation of QM systems. The long lasting expe-
rience with the establishment of QM systems
has taught, that every institution which wants
seriously to go into the matter of QM first has
to analyse the own situation, to improve the
offered methods and to adapt the chosen ones
to the own environment. Quality is based on
an ongoing process, it is customer-focused and
supportive, and needs a continuous improve-
ment: plan—do—check-act. The establishment
of Quality needs time, and one cannot expect
fast results [1,2].

Definitions of quality

How can Quality in healthcare with a spe-
cial concern to the main focus, the patient,
be defined? Quality in healthcare is a ho-
listic approach which in its sum includes
all parameters which guarantee an optimal
requirement for healthcare. Quality Assur-
ance (QA) in healthcare work stands for the
continuous commitment of all persons in-
volved in healthcare work to fulfil the expec-
tancies of the stakeholders concerned with
healthcare and the whole society. Quality
Management (QM) stands for the entirety
of measures (planning, managing, securing,
improving) which are necessary to reach the
goals of a healthcare quality policy. QM has
to be realized by all leadership levels and
have to be concerned with the development
of strategies, distribution of money, regula-
tion of quality structures, quality influencing
parameters and assessment of quality. To-
tal Quality Management (TQM) is defined
as the leadership strategy depending on the
cooperation of all members of an institution
to put quality in the center of all activities,
with the aim to satisfy the customers, for sus-
tained successful results, for the advantage
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of the members of the institution and for the
whole society. Quality Control (QC) includes
the controlling of working methods and mea-
sures which have to be installed to fulfil the
requirements of a high quality standard in
healthcare [1,2,3].

Systems and models for
establishing quality

Although the models of establishing quality
primarily were focused on industry the main
parameters of such models can be adapted
to different working fields. This especially
counts for the “Model of Business Excellence”
of the European Foundation of Quality Man-
agement [1].

EFQM Model of Business
Excellence

In 1988 the European Foundation for Qual-
ity Management (EFQM) was founded by 14
European industrial companies with the aim
to support the quality of industrial products
in Europe. It has now developed to a not-for-
profit membership organization dedicated to
increasing the competitiveness and effective-
ness of European organizations, whatever their
size, sector, function, or structure of incorpora-
tion (large international companies to all types
of public sector organizations) are [2,3].

Since its founding in 1988, EFQM has de-
veloped a comprehensive TQM programme
which encompasses the following key fea-
tures:

e The EFQM Model for Business Excel-
lence

¢ Self-assessment by EFQM members to
identify and facilitate ongoing improve-
ments within their organization in accor-
dance with best practice procedures

¢ The European Quality Award and Prizes

¢ Training and educational support [1,2,3]
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EFQM Excellence Model
enablers 50% results 50%
i Employee
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15%
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Figure 1. EFQM Model of Business Excellence

The EFQM model is widely recognized as
one of the most cost-effective ways of improv-
ing performance: as the model is applied and
monitored through self-assessment and can
be administered by internal quality or change
managers (EFQM-Assessors) [1,3].

The basic principle of the EFQM model is
that customer and staff satisfaction and inte-
gration into society are achieved via the role of
the organizational leadership in setting the pol-
icy and strategy and the management of staff,
resources, and processes, culminating in excel-
lence in business or organizational results [1,3].

The five criteria of the “Enablers” are con-
cerned with how the organization performs
various activities. The four criteria of “Re-
sults” are concerned with the results the orga-
nization is achieving with respect to different
stakeholders [1].

The EFQM model is designed to be flexi-
ble enough to accommodate the requirements
of the organizations at various stages of im-
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plementation. It provides controlled self-as-
sessment with organizations having to carry
out their own detailed self-evaluation which
points out strengths and weaknesses and pro-
vides input for improvement. It also allows
accreditation and certification processes. The
fundamental concepts which underpin the
EFQM model can be used to illustrate how
the model is applied in the public sector and
in healthcare [1,3].

DIN EN ISO 9000

The International Organization for Standard-
isation (ISO) is an international association of
national Institutes for Standardisation. The
standards are worked out by a technical com-
mittee and should be revised every 5 years.
The latest fundamental revision was done in
2015 (ISO 9001:2015) and was based on a cus-
tomer inquiry/survey [1,3,4].
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The ISO 9001:2015 is based on the PDCA
(Plan-Do-Check-Act) and is concerned with
the model of processing and covers 10 parts
[1,2,4]:

Use, notions, references

¢ Surrounding of organization, responsi-
bility of the leadership, planning

¢ Management of the Finances, process
management

¢ Evaluation, analysis and improvement

There are certain requirements, which
have to be fulfilled by the organization which
will be certified according to ISO 9001:2015.
The organization has to lay down and to per-
form those processes which are necessary to
satisfy the requirements of the customer. To
guarantee this the organization has to estab-
lish a QM system which fulfils the require-
ments of the international standard. This QM
system has to be evaluated and improved by
the organization [1,4].

The guidelines of the ISO 9004:2000 are
based on the following principles [1,4]:

Customer Orientation

Leadership

People Management

Process Oriented Performance

System Oriented Management
Continuous Improvement

Technical Statements for Decision Making
Relationship to Supplier for a common profit

The DIN EN ISO 9000 Family is more or
less a catalogue of measures which have to
be fulfilled to get a certification of the actual
QM situation of the organization which can
be used as a comparison with other organiza-
tion (benchmarking) and with this as a matter
of competition for the own products. QA can
be reached by the accreditation according to
those standards [1,4,5].
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Other systems and models
concerned with QM

Most of the numerous institutions worldwide
which are concerned with the professional
business of offering quality management sys-
tems are based on the EFQM Model of Busi-
ness Excellence since this model really covers
all the basic parameters which are necessary
for the establishment of quality wherever it is
needed [1,2].

General Criteria of Quality
(mainly based on the EFQM
Model of Excellence)

Leadership

Leadership is one of the most important parts
on the way to establish quality and is more
or less the figurehead in an organization or
institution. The behaviour and the actions of
the executive team and all other leaders of an
institution are the background to inspire, sup-
port and promote a culture of TQM. Parame-
ters of a convincing leadership are:

¢ visible commitment and consistent culture
including the development of values and
expectations for the organization, the abil-
ity to lead by example, making themselves
accessible by listening and responding to
the people from the organization, and re-
viewing and improving the effectiveness of
their own leadership,

e support concerning definition of priorities,
fund learning, facilitation and improve-
ment activities, enabling people to partici-
pate in improvement activities and use of
appraisal and promotion systems to sup-
port improvement and involvement,

¢ involvement with customers and suppli-
ers with the areas of responding to needs,
establishing and participating in partner-
ship, participation in professional bodies,
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addressing potential conflicts arising from
customer-supplier relationship such as the
balance between the priorities of different
customer groups, recognition and appreci-
ation of people’s efforts and achievements,
especially of individuals and teams at all
levels within and outside of the organiza-
tion [1, 2, 6].

People Management

Quality management in this field covers all
measures which are concerned with the re-
lease and the support of the full potential of
the employees of an organization. In this con-
text main parameters are:

* improvement of the resources especially
using innovative strategies and methods,

¢ development and sustaining of people’s ca-
pabilities including the identification, clas-
sification and matching of people’s compe-
tencies with their needs, the establishing
and implementation of training plans, the
evaluation of the effectiveness of training,
the development of team skills and the pro-
motion of continuous learning,

¢ involvement and recognition of people es-
pecially through encouragement and sup-
port of individuals and teams participating
in improvement,

e communication through an effective dia-
logue through the identification of com-
munication needs, sharing information,
evaluation and improving communication
effectiveness, structuring top-down and
bottom-up as well as lateral communica-
tion,

e caring for people like promoting aware-
ness and involvement in health, safety and
environmental issues as well as social and
cultural activities, providing facilities and
services [5,6].
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Policy and Strategy

Quality management in the field of policy and
strategy includes a variety of activities mostly
concerned with:

¢ relevant and comprehensive information
related to customers and suppliers, com-
munity, shareholders, internal performance
indicators, benchmarking activities, perfor-
mance of competitors and best in class or-
ganizations, social environment and legal
issues, economic indicators, new methods,

¢ the development of policy and strategy
concerning its values, mission and vision,
balancing short and long term pressures
and requirements, needs and expectations
of its stakeholder, identification of present
and future competitive advantages and re-
flecting the principals of TQM,

¢ the communication and implementation of
policy and strategy especially to all levels
of the organization using policy and strat-
egy as a basis for planning of activities and
setting off objectives throughout the orga-
nization and testing, evaluating, improving
and prioritizing plans,

¢ the regularly updating and improving pol-
icy and strategy through evaluating the rel-
evance and effectiveness as well as review-
ing, updating and improving policy and
exploitation strategy [4,5,6].

Resources

To reach QM in the field of resources evidence
is needed for the following parameters:

* management of the financial resources by
reviewing and improving financial strate-
gies and practices, evaluating investments,
managing risks, managing external controls
on financial flexibility to allow a maximum
of freedom within the organization,
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* management of information resources
through giving access to relevant information
to appropriate users, structuring and manag-
ing information to support policy and strate-
gy and assuring and improving information
validity, integrity and security,

* management of supplier's relationship and
material by maximising the added value of
suppliers, optimising material inventories,
reducing consumption of utilities, reducing
waste,

¢ managing buildings, equipment and other
assets through optimising of exploitation,
managing the maintenance and utilisation,

* managing new technologies, teaching
methods, intellectual property by iden-
tifying and evaluation of alternative and
emerging technologies, training modules,
information systems, exploitation of intel-
lectual property [5].

Processes

Process management is one of key measure-
ments to establish and to improve QM in an
organization. It is concerned with:

¢ the definition, the conduction of the identi-
fication, and the evaluation of the key pro-
cesses,

¢ the systematically managing of processes
like establishing and monitoring standards
of operation, the performance of measure-
ments in process management, implemen-
tation of system standards (ISO, health and
safety systems), resolving interface issues
inside the organization and with external
partners,

¢ setting reviews and targets for improve-
ment with identifying and prioritising
methods of improvement, setting stan-
dards of operation priorities and targets for
improvement according to benchmarking
results from extern partners, relating cur-
rent performance measurements and tar-
gets for improvement to past achievement,

180 | www.biomedicinskaistrazivanja.mef.ues.rs.ba

¢ the improvement of processes using inno-
vation and creativity by bringing to bear
the creative talents of students and post-
graduates in incremental and breakthrough
improvements, discovering and use of new
designs, technology and operating philos-
ophies, changing organizational structures
to encourage innovation and creativity and
using feedback from customers and stake-
holders to stimulate innovation and cre-
ativity in process management,

¢ the change and evaluation of benefits of the
process including the agreement to appro-
priate methods of implementing change,
the communication of process changes, the
training of people prior to implementation,
the review of process changes to ensure
predicted results are achieved [4,5].

Result criteria

Result criteria are concerned with what the
organization has achieved and is achieving
and should be ideally assessed as trends over
a period of at least three years including actu-
al performance, targets, performance of com-
petitors and performance of “Best in Class”
organizations. Self-assessment should indi-
cate the extent to which the activities of the
organization are covered by, and the relative
importance of the parameters chosen to mea-
sure results including relevance of the mea-
surements to the various stakeholders. The
results presented should include perception
or direct feedback data as well as predictor or
relevant organization performance measures.
The reliability and validity of any survey re-
sults presented should be discussed. Results
are mainly concerned with [2,5,6]:

- Customer satisfaction: main achievements
in healthcare are concerned with the develop-
ment of new diagnostic and therapeutic mea-
sures to treat sick people. Outcome of this de-
velopment therefore is mainly concerned with
the satisfaction of those people, suffering from
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diseases which cannot be treated in a right way
till then [2,4].

- People’s (staff) satisfaction: as an ex-
ample, motivated and committed healthcare
workers are the basic potential of a health
institution. Support of the healthcare work-
ers and their satisfaction therefore play an
important role for the establishment of QM
in a healthcare institution. Achievements of
the institution in relation to the satisfaction of
its people should therefore include people’s
perception (e.g. surveys, structured apprais-
als, focus groups, etc) relating to motivation
like career development, communication,
empowerment, equal opportunities, involve-
ment, leadership, recognition, target setting
and appraisal, training and education, and
relating to satisfaction like employment con-
ditions, facilities and services, health and
safety conditions, job security, pay and ben-
efits, peer relationship, the organization’s en-
vironmental policy and impact as well as its
role in the community and society, working
environment [3].

- Impact on Society: every organization
needs evidence of its perception through the
society and therefore has to achieve in satis-
fying the needs and the expectations of the
local, national and international community
at large [1].

- Business results: every organization is
assessed according to what it is achieving in
relation to its planned business, objectives
and especially the quality of the outcome,
taking into account the satisfaction, the needs
and the expectations of everyone involved
in its business. The success can be measured
according to the additional measurements of
the organizational performance like efficiency
and effectiveness measurements, monitoring
and evaluation of key services, external and
internal audits inspections and evaluations,
results of benchmarking measures with oth-
er comparable organizations, measurable in-
crease in grants and impact factor points ob-
tained [1,2].
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Establishing of Quality in
Healthcare

To establish the quality in healthcare insti-
tutions, the willingness of the leadership to
accept and realize quality management and
make it to the important measure in all parts
of the healthcare institution is necessary. To
reach the intended quality aims, a permanent
effort is needed and will be possible if it is
done in a holistic manner, which means that
all levels of administration and departments
will be integrated in the whole quality man-
agement concept. Quality in healthcare is the
result of complex and all different levels of
patient treatment parameters including levels
which are determined through existing struc-
tures which aim to reach the expected quality
standard. Quality with this aim needs a profes-
sional quality management which includes the
function of a quality manager who is responsi-
ble for the leadership of the healthcare institu-
tion. Quality management should be realized
in the cooperation with all coworkers includ-
ing permanent analysis and the quality related
adaption of all activities in all functional areas.
Using this instrument, the quality manager
will be able to realize quality measures in all
functional areas of the healthcare institution.
Very important in the healthcare institution
is the establishment of a hygiene commission,
consisted of members of all different depart-
ments of the healthcare institution. With this
interdepartmental membership integrating all
important persons responsible for the quali-
ty management in the healthcare institution,
this commission can be a central instrument to
establish, integrate and realize quality in the
healthcare institutions [1,2,5].

Conclusion

Quality especially in healthcare is a manage-
ment challenge in the new century. It has to
be produced and not only controlled. Quality
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reasoning cannot be conditioned and ordered,
it has to be developed through all hierarchical
levels and to imply a process which leads to
a change of the behaviour. Quality, in spite of
fast success in the beginning needs patience
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Upravljanje kvalitetom kao osnovnim instrumentom u sistemu zdravstvene
zastite

Hans-Gulnther Sonntag

Univerzitet u Hajdelbergu, Centar za infektivne bolesti, Odjeljenje za higijenu i mikrobiologiju,
Hajdelberg, Njemacka

U industriji i javnom sektoru kvalitet je postao vazan upravljacki izazov 21. vijeka. lako kvalitet treba
da bude samorazumijevanje u zdravstvu, realnost pokazuje drugu sliku. Danas postoje medunarodni
standardi i modeli izvrsnosti kvaliteta koji olaksavaju uvodenije i kontrolu upravljanja kvalitetom, ¢ak
i u zdravstvu, i omogucavaju bolji benchmarking. EFQM model poslovne izvrsnosti sa pet kriterijuma
mogucnosti i Cetiri kriterijuma rezultata moze se koristiti kao osnovna smjernica. Fokusirajudi se na
takve glavne parametre kao $to su liderstvo, ljudi, strategija i politika, resursi i procesi koji su vazni
pozadinski kriterijumi za kvalitet, lako se moze prilagoditi zahtjevima kvaliteta u skoro svim oblasti-
ma zdravstvene zastite. Definicije razlicitih aspekata kvaliteta kao $to su osiguranje kvaliteta, uprav-
lianje kvalitetom, upravljanje totalnim kvalitetom, kontrola kvaliteta pokazuju da jos uvijek postoje
posebni parametri kvaliteta u zdravstvu koje treba prepoznati. Realnost u zdravstvu jo$ uvijek po-
kazuje dosta nedostataka u pogledu mjerenja kvaliteta. Kvalitet u zdravstvu, uklju¢uju¢i pomenute
klju¢ne kriterijume, bice efikasan samo ako je sastavni dio svakodnevnog rada svih ljudi koji se bave
zdravstvenom zastitom.

Kljuéne rijeci: Upravljanje kvalitetom u zdravstvu, kontrola kvaliteta, EFQM, Model poslovne izvr-
snosti, DIN EN ISO 9001
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Introduction

Summary

Pneumoconiosis of workers in brown coal mines is an occupation-
al disease, a global public health problem and a serious disease of
the lung parenchyma. If it is not prevented, it leads to irreversible
changes in the lungs with complications. The disorder occurs af-
ter prolonged exposure to coal dust containing high concentra-
tion of free crystalline silica. Data in literature regarding its health
impact on people working in coal mines are relatively scarce.
Recently, there has been an increase in miners’ pneumoconiosis,
which requires a stricter policy to protect workers in the mines.
There are two classical types of CWP: simple and complicated.
The main diagnostic method of CWP is based on a specif-
ic X-ray finding, and the auxiliary method of choice is spi-
rometry. The pathophysiological mechanism of CWP for-
mation is not fully known, although it has been shown
that damage to the lung parenchyma goes through three
phases caused by effect of lung cells exposure to coal dust.
Studies show that cytokines play an important role in inflamma-
tion and the immune response as mediators of toxic and patho-
genic effects in CWP. A link between exposure to coal dust in
brown coal mines and the development of CWP has also been
demonstrated, with a consequent reduction in the physical and
psychological quality of life of workers in the mines.

Key words: pneumoconiosis, coal dust, miners

Miners” pneumoconiosis in coal mines is a chronic and irreversible disease that represents a
global public health problem. A large number of research is associated with environmental
problems caused by mining in coal mines, processing, combustion and similar problems such
as acid rain, smog, gas emissions and the like. In contrast, there is insufficient data in the lit-
erature on the direct impact of coal on the health of people who work in coal mines and who
use coal as an energy source [1].
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Inhalation of coal dust during blasting in
brown coal mines leads to the development
of coal mine dust lung disease (CMDLD). The
most common manifestation of CMDLD is
pneumoconiosis of the lungs. Coal Workers’
pneumoconiosis (CWP) is a parenchymal dis-
ease caused by the accumulation of coal dust in
the lungs and the consequent reaction of lung
tissue, the formation of fibrous nodular lesions
[2, 3], and the main cause is prolonged exposure
to coal dust which contains high concentrations
of free silica crystals [4]. Workers in brown coal
mines are at high risk for respiratory morbidity
and premature death. Given the global preva-
lence of mining in coal mines and the potential
for severe respiratory diseases, the respiratory
health of workers in coal mines is an important
problem that should be prevented, given that
CWP is an incurable disease.

The aim of this paper is to summarize re-
search on pneumoconiosis among workers in
coal mines.

Prevalence and mortality from
pneumoconiosis

Considering the chronic nature of CWP, the
assessment of the prevalence of this disease
is mainly examined through prevalence stud-
ies. Blackely and collaborators estimated the
prevalence of pneumoconiosis in U.S. min-
ers working for at least 25 years. They con-
ducted a prevalence study using radiograms
collected from 1970 to 2017. Each radiogram
was classified according to international stan-
dards. The prevalence was over 10%, and in
central Appalachia as much as 21% [5].

In a study conducted in the Czech Repub-
lic, the authors compared the total and specif-
ic mortality of miners working in brown coal
mines with and without pneumoconiosis, and
the mortality of the general male population
in the period from 1992 to 2013. The mortality
of miners with CWP was higher compared to
the general male population [6].
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Coal mining and coal processing involves
multiple dust generation processes, including
cutting, transport, crushing and grinding of
coal, etc. Coal dust is one of the main sources of
health hazards for miners. Exposure to coal dust
can be prevented by administrative and engi-
neering controls. Ineffective control of coal dust
exposure can harm miners’ health. Although
many efforts have been made to eliminate
these threats, an unexpected increase in min-
ers’ pneumoconiosis (CWP) in the U.S. Appa-
lachian Basin has been recorded in recent years.
The authors hypothesized that nano-sized coal
dust has contributed to an increase in the prev-
alence of CWP in recent years [7].

In Colombia, a study was conducted to
assess the exposure to coal dust and the prev-
alence of pneumoconiosis in underground
mining in three Colombian mines. The preva-
lence of pneumoconiosis was 33.8% (95% CI:
27.0-41.3%). Pneumoconiosis was significant-
ly associated with the level of severe exposure
to coal dust (PR=2.055, 95% CI: 1.043 - 4.048;
p = 0.038) and work in underground mining
for 25 years or more (for those with 25.0-29.9
years: PR = 2,199, 95% CI: 1,449 - 3,338; p =
0.001) [8].

A meta-analysis of the prevalence of pneu-
moconiosis among miners in China conclud-
ed that the prevalence of CWP remains high
in China compared to the UK (0.8%, during
1998-2000) and the US (3.2% in 2000.). In ad-
dition, conditions in privately owned mines
caused more CWP (9.86%; 95% CI. 1.25-
25.17%) than in state-owned mines (4.83%;
95% CI: 2.35-8.13%) (P <0.05). The data clear-
ly showed that regulatory agencies in China
need to step up their efforts to implement
more rigorous policies to protect miners, es-
pecially those in privately owned mines [9].

According to a study to determine the
prevalence of CWP in China, in Jiangsu Prov-
ince, from 2015, it was determined that out of
the total number of respondents covered by
CWP screening, 5.5% of workers had CWP.
Out of the total number of workers working
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in brown coal mines with a diagnosis of CWP,
71.1% are still in the first stage of CWP, and
90.7% of this number of workers work direct-
ly in blasting or in tunnels. Also, 7.3% of the
total number of patients with CWP had a com-
plication in the form of pulmonary tuberculo-
sis, and the mortality of patients with stage III
was the highest and amounted to 69.7%. Ac-
cording to the Chinese National Registry for
Occupational Health and Poisoning, 23,152
new cases were diagnosed in 2013 [10].

Data on the frequency of CWP in the
world indicate that it is necessary to introduce
a stricter policy in order to protect workers
in brown coal mines, especially for workers
working in tunnels or directly in mining.

The introduction of preventive measures
in brown coal mines can reduce the incidence
of CWP. Thus, in the United States, after the
introduction of preventive measures in brown
coal mines, the prevalence of CWP was re-
duced from 30% to 2% [11].

Pathophysiology of pneumoconiosis

There are two classical types of CWP: simple
and complicated.

The difference between these two is pri-
marily in the severity of the disease. In simple
CWP, fibrous lesions are centered around the
respiratory bronchioles, especially in the up-
per lobes of the lungs, with radiological shad-
ows 1-10 mm in diameter. With increased
exposure to coal dust, macro-nodules are
formed, which can be 1 to 2 cm in size, and
severe symptoms appear at this stage. This
stage is called complicated CWP or progres-
sive massive fibrosis. The main diagnostic
method of CWP is based on a specific X-ray
finding, and the auxiliary method of choice
for estimating the severity of obstruction is
spirometry [12, 13].

Miners working in brown coal mines
are generally divided into two basic groups.
Miners who work in tunnels and directly on

186 | www.biomedicinskaistrazivanja.mef.ues.rs.ba

blasting belong to the group of underground
miners. The second group consists of miners
working at the surface of the mine. Under-
ground miners are at a significantly high-
er risk for the development of CWP, due to
higher and longer exposure to coal dust, com-
pared to workers working at the surface of
the mine [14].

A study conducted by Kurth and collab-
orators found a significant association be-
tween impaired airflow and pneumoconio-
sis. Impaired airflow was present in 7.7% of
non-smoking miners, while in miners with
pneumoconiosis it was present in 16.4% of
them. The survey was conducted among
non-smoking miners participating in the Na-
tional Institute for Occupational Safety and
Health (NIOSH) Coal Workers” Health Sur-
veillance Program (CWHSP) [15].

Although the exact pathophysiological
mechanism of CWP formation is not fully
known, it has been established that coal dust
components interact with cells in the lungs
causing cell membrane damage accompanied
by lipid peroxidation.

The pathogenic mechanism of CWP takes
place in three phases. Initially, there is an ac-
cumulation and activation of inflammatory
cells in the lungs. Damaged cells release intra-
cellular enzymes, which provoke further tis-
sue damage, resulting in scarring or destruc-
tion of alveolar septa. Coal dust phagocyto-
sed by alveolar macrophages stimulates the
formation of reactive oxygen species which
then stimulate the secretion of cytokines and
chemokines. These inflammatory cytokines
act as chemoattractants that attract polymor-
phonuclear leukocytes and macrophages
from the pulmonary capillaries in the alveoli
and result in chronic inflammation [16].

The second phase of this pathological
process consists of alveolar macrophages
that stimulate the secretion of fibrogenic
factors, which induce fibroblast prolifer-
ation and/or stimulate collagen synthesis
resulting in the development of pulmonary
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fibrosis, which is the main pathological in-
dicator of CWP [17].

The third phase in the pathogenetic mech-
anism of CWP formation is the increased
synthesis of extracellular matrix components
[18].

Current concepts of CWP pathogenesis
suggest that alveolar macrophages play a key
role because of their ability to release vari-
ous mediators such as proteolytic enzymes
and growth and differentiation factors. In the
chronic phase of CWP leading to pulmonary
fibrosis in pneumoconiotic lungs, cytokines
produced by alveolar macrophages play a sig-
nificant role in the pathogenesis of CWP [19].

Wang et al. did a review of the literature
to evaluate the association between IL-1 gene
polymorphism and susceptibility to pneumo-
coniosis. The study included 10 case-control
studies. The conclusions of this review sug-
gest that IL-1RA (+2018) may modify worker
sensitivity to pneumoconiosis and silicosis.
New large-scale replication studies need to
be conducted and the link between IL-1RA
(+2018) and the risk of pneumoconiosis and
silicosis of coal workers needs to be reas-
sessed [20].

Han and collaborators conducted research
to investigate the genetic association between
single nucleotide polymorphisms (SNPs)
of IL-17A and CWP in the Chinese popula-
tion. A total number of 1391 subjects were
included in this study, including 694 sub-
jects in the control group and 697 in the case
group. TagMan gRT-PCRs were performed
for genotype rs2275913, rs3748067, rs4711998
and rs8193036 within the IL-17A gene. Lucif-
erase assays were used to determine the ef-
fects of the rs8193036 C> T allele on IL-17A ex-
pression. The rs3748067 G> A and rs8193036
C> T polymorphisms reduce CWP risk. These
findings could be helpful in identifying peo-
ple at reduced risk of CWP, and further stud-
ies justify their validity [21].

Cytokines are also known to play a very
important role in a wide range of CWP bio-
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logical processes such as inflammation and
immune responses and are crucial mediators
of toxic and pathogenic effects in observed
CWP patients [22].

Itis well known that various cytokines and
growth factors secreted from macrophages/
monocytes play a key role in the pathogene-
sis of pneumoconiosis. They can act as biosen-
sors to predict pneumoconiosis. Kim and col-
laborators measured tumor necrosis factor-al-
pha (TNF-alpha), interleukin-8 (IL-8) and
platelet-derived growth factor-AA to assess
which cytokines can be used as sensitive bio-
markers in pneumoconiosis, monocytes with
or without coal dust (5 mg / ml) and serum
in 42 miners with pneumoconiosis from coal
mines and ten healthy controls. The release of
carbon-stimulated TNF-alpha and IL-8 from
monocytes in the blood was significantly in-
creased in patients with pneumoconiosis
compared with controls. Serum TNF-alpha
and IL-8 levels were higher in subjects with
pneumoconiosis than in control groups [23].

The genes IL-4, IL-4 (IL4R) and IL-13 are
key immune factors and can influence the
course of various diseases. Wang et al. in-
vestigated the association between potential
functional polymorphisms in IL-4, IL-4R, and
IL-13 and the risk of CWP in the Chinese pop-
ulation. Six polymorphisms (C-590T in IL-4,
Ile50Val, Ser478Pro and GIn551Arg in IL-4R,
C-1055T and Argl130GIn in IL-13) were geno-
typed and analyzed in a case control study of
556 individuals with CWP and 541 individu-
als from the control group. The results of this
study suggest that the IL-4 C-590T polymor-
phism is involved in the etiology of CWP and
susceptibility to this disease. Larger studies
are needed to confirm these findings [24].

Cytokines produced by macrophages,
IL-1, and TNF-« are involved in coal dust-in-
duced inflammation as proinflammatory cy-
tokines. The presence of a constant stimulus
and chronic secretion of these cytokines can
result in the development of inflammatory
diseases such as silicosis and CWP [17].
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Inter-individual differences in sponta-
neous and stimulated IL-1 and TNF-a produc-
tion give us data indicating that CWP severity
is associated with the production of these cy-
tokines. According to the research of Ates and
collaborators, performed at the Turkish brown
coal mines, the association of the gene poly-
morphism of the cytokines IL-1, TNF-«, IL-6
and TGF-B in patients with CWP and the se-
verity of this disease was estimated. The results
of this study showed that TNF-a (-238) is a risk
factor in both the development and severity
of CWP, while TNF-a (-308) is important only
in the severity of CWP. In contrast, IL-6 had
a protective effect on the development and se-
verity of the disease in patients with CWP [25,
26]. According to data in recently published
studies, it is clear that the inflammatory cyto-
kines IL-1 and TNF-a are associated with the
formation and development of CWP [27].

According to research by Vanhee et al. in
vitro exposure of alveolar macrophages to
coal dust, coal dust particles caused signifi-
cant secretion of TNF-a and IL-6 [19].

However, there are few data in the litera-
ture on the concentration of these and other
important anti and proinflammatory cyto-
kines such as IL-2, 4, 5,9, 10, 13, 17A, 17F, 21,
22 and IFN-y, measured in the serum of pa-
tients with CWDP.

In a study conducted in Foca in the Re-
public of Srpska, among the miners in the
Brown coal mine in Ugljevik, the production
of anti and proinflammatory cytokines IL- 2,
4,5,9,10, 13, 17A, 17F, 21, 22 and IFN-y was
examined. It was observed that the average
values of anti-inflammatory cytokines IL-6 (p
=0.03), IL-10 (p = 0.02), IL-4 (p = 0.02), IL-17A
(p=0.02), were significantly higher in the con-
trol group of subjects compared to the group
exposed to coal dust [28].

The association between exposure to coal
dust in brown coal mines and the occurrence
of respiratory symptoms, lung function defi-
cit and the development of CWP has been
proven [29].
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Cumulative exposure to coal dust has
been associated with a decrease in FEV1
among workers in brown coal mines in the
United States without radiographically prov-
en CWP [30].

In a study performed on 3,380 British min-
ers with documented CWP, exposure to coal
dust was associated with abnormal pulmo-
nary function with FEV1 <65%. Longitudi-
nal studies performed in England [31] and in
the United States [32] showed similar results,
linking coal dust exposure with FEV1 values.

Differences in risks from exposure
to dark and brown coal

It is known that the structure of dark coal is
dominated by less sustainable woody struc-
ture, higher carbon content (65-80%) and
higher calorific value (12.6 to 23.8 MJ/kg),
compared to the carbon content (60-65%) and
the calorific value (6-12.5 MJ/kg) of brown coal
(lignite). There are a small number of papers
in the literature that have examined the rela-
tionship between work in lignite mines and
the occurrence of pulmonary dysfunction.

However, in one study, in a group of 904
young miners in lignite mines in Sardinia ex-
posed to relatively low levels of coal dust, in-
dividual exposure to coal dust was associated
with a significant decrease in FEV1 and FVC,
and the ratio of carbon dioxide diffusion ca-
pacity to alveolar volume [33].

These data show that there is a risk of pul-
monary dysfunction in lignite mines.

According to data, 4.7 million under-
ground workers in coal mines worked in
China between 2010 and 2014, who were con-
stantly exposed to a large amount of occu-
pational hazards, including image dust, coal
dust, noise, vibration and heat, which can
lead to a large number of occupational phys-
ical diseases, the most common of which is
CWP [34]. Also, underground miners usually
work in much worse conditions, with higher
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risk and higher intensity, which together can
increase occupational stress [35].

Therefore, the combination of all these
factors cannot only lead to the occurrence of
physical diseases in miners, but also to disor-
ders in their mental health, which is why it
is important to pay attention to the quality of
life of underground miners working in coal
mines.

Miners’ quality of life

Quality of life is a multidimensional concept
that encompasses the physical, psycholog-
ical and social components of health, and is
widely accepted as an important parameter of
medical care [36].

The 36-item Short-Form Health Survey
(SF-36) is widely used to assess the quality
of life of people in many fields and studies
[37], including the quality of life of workers in
brown coal mines [35].

According to a study by Han et al. from
2017 in China on 612 underground miners
working in brown coal mines, it was found
that the physical component of quality of life
was significantly better in surface miners com-
pared to underground miners. Compared to
other populations without exposure to mine
pollutants, the physical and psychological
component of quality of life was significantly
better in the group of respondents who do not
work in the mines [38].

Also, longer work experience in mines
showed significantly poorer quality com-
pared to miners who have shorter work ex-
perience [38].
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Mijovi¢ and collaborators conducted a sur-
vey of the quality of life of workers working in
the Brown coal mine in Ugljevik between two
groups of respondents, one of whom was ex-
posed to coal dust, and the other, controlled,
was not. Subjects working in the brown coal
mine have significantly lower average values
of the domains of physical functioning (p =
0.005), general health (p = 0.001) and mental
health (p = 0.041) compared to the control
group of subjects.

Also, the average values of the common
physical component of quality of life were
significantly (p = 0.007) lower in the group
of miners compared to the control group of
respondents. Differences in other domains of
the SF-36 questionnaire between groups of re-
spondents were not observed [39].

Conclusion

Review shows that coal workers” pneumoco-
niosis (CWP) is an insufficiently researched
disease. The input of data is especially war-
ranted in fields of immunology and patho-
physiology. It is known that there is a dis-
order at the level of the lung parenchyma in
the form of pulmonary fibrosis, with a conse-
quent violation of lung function and diffuse
lung capacity, which leads to respiratory fail-
ure. Common complications include pulmo-
nary tuberculosis and even lung cancer.

The physical and psychological compo-
nent of the quality of life of these workers is
further impaired in relation to the population
of people who do not work in the mine, which
imposes the need to work on prevention and
improvement of their health.

Gratitude. We owe special gratitude to the Minis-
try of Scientific and Technological Development,
Higher Education and the Information Society of
the Republic of Srpska for their contribution to ex-
amining the impact of coal dust on the health of
miners.
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Pneumokonioza radnika u rudnicima mrkog uglja
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Pneumokonioza radnika u rudnicima mrkog uglja je profesionalno oboljenje, globalni javnozdrav-
stveni problem i ozbiljno oboljenje plu¢nog parenhima. Ukoliko se ne prevenira, dovodi do ireverzi-
bilnih promjena na plu¢ima sa komplikacijama. Nastaje nakon produzenog izlaganja ugljenoj prasini
sa visokom koncentracijom slobodnih kristala silike o ¢emu je malo podataka u literaturi o direktnom
uticaju na zdravlje ljudi koji rade u rudnicima uglja.

U posljednje vrijeme zabiljeZen je porast pneumokonioza rudara, $to zahtijeva striktniju politiku za-
Stite radnika u rudnicima. CWP se dijeli na jednostavnu i komplikovanu u zavisnosti od tezine bolesti.
Glavna dijagnosti¢ka metoda CWP se zasniva na specificnom rendgenskom nalazu, a pomoéna me-
toda izbora je spirometrija. Patofizioloski mehanizam nastanka CWP nije u potpunosti poznat, mada
je pokazano da ostecenje plu¢nog parenhima prolazi kroz tri faze usljed reakcije ugljene prasine i
celija u plu¢ima. Istrazivanja pokazuju da citokini imaju vaznu ulogu u inflamaciji i imunskom odgo-
voru kao medijatori toksi¢nih i patogenih efekata u CWP. Dokazana je i povezanost izmedu izloZzeno-
sti ugljenoj prasini u rudnicima mrkog uglja i razvoja CWP sa posljedi¢nim smanjenjem fizikalnog i
psiholoskog kvaliteta zZivota radnika u rudnicima.

Kljuéne rijeci: pneumokonioza, ugljena prasina, rudari
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Summary

Genetic and environmental factors play an important role in the
development of type 2 diabetes mellitus (DM2) and its compli-
cations. Diabetic nephropathy (DN) is one of the most common
microangiopathic chronic complications of diabetes.

Oxidative stress occurs under condition of increased production
of free radicals and/or decreased activity of antioxidant defense
mechanisms and it is an important link in the complex mech-
anism of diabetic vascular changes. Glutathione transferases
(GST) are enzymes involved in xenobiotic metabolism and they
are part of complex antioxidant defense mechanisms. Numer-
ous studies have found an association of GST gene polymor-
phism to a predisposition to various diseases, including diabetes
and diabetic nephropathy.

Our and other authors’ results suggest that genetic variations in
enzymes involved in free radical metabolism are associated with
the development of end-stage kidney disease in patients with

diabetes, which could become the basis for the development of

Copyright: ©2021 Dragana Pavlovi¢ & Sinida preventive and early therapeutic strategies in high risk people.

Risti¢. This is an Open Access article distributed Key words: diabetes, diabetic nephropathy, glutathione trans-

ferase polymorphism
1 —

under the terms of the Creative Commons
Attribution 4.0 International (CC BY 4.0) license.

Introduction

Diabetes (DM) is one of the biggest public health problems today. The number of people suf-
fering from DM is constantly increasing significantly, as lifestyle changes lead to a decrease in
physical activity and an increase in obesity. According to estimates by the World Health Orga-
nization (WHO, 2006), high blood glucose is the third most important risk factor for premature
death, after high blood pressure and cigarette smoking. Also, DM is among the 10 leading
causes of death, and with three other non-communicable diseases (cardiovascular disease,
malignancies and respiratory diseases) it is responsible for more than 80% of early deaths from
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non-communicable diseases. It should be not-
ed that 30% to 80% of people with diabetes
still live with undiagnosed disease [1].

According to the data from the Renal
Register for Bosnia and Herzegovina, until
31 December 2017, diabetes mellitus is one
of the leading causes of chronic renal failure,
immediately right after glomerulonephritis.
The largest number of patients with diabet-
ic nephropathy, according to the mentioned
data, were patients aged 45 to 64, and slightly
less patients aged 65 to 74. Also, a larger num-
ber of patients with diabetic nephropathy had
type 2 diabetes mellitus [2].

Diabetes mellitus is defined as a complex
metabolic disorder characterized by chronic
hyperglycemia, with a disorder in the metab-
olism of carbohydrates, fats and proteins. The
heart of diabetes is a reduced effect of insulin
on target cells, which occurs due to reduced
hormone secretion and/or inadequate tissue
response to insulin (insensitivity of target cells
to its action), and often both disorders exist in
one patient. Also, it is not clear which of the
abnormality is the primary cause of hypergly-
cemia. Type 2 diabetes is often a manifesta-
tion of a broader disorder that includes met-
abolic syndrome (a set of risk factors for car-
diovascular disease accompanied by glucose
intolerance, hyperinsulinemia, dyslipidemia,
hypertension, visceral obesity, hypercoagula-
bility/thrombophilia and microalbuminuria).
The risk of complications of DM appears long
before the onset of clinical signs of diabetes
(when there is impaired glucose tolerance
and impaired glycemic control). Obesity is
one of the most important risk factors for de-
velopment of type 2 diabetes, and contributes
to the risk of cardiovascular disease and mor-
tality in general [3,4,5,6].

Diabetes is a highly heterogeneous and
multifactorial, polygenic disease in which
many common gene variants, mostly with
little effect, contribute to the overall risk of
developing the disease. The risk of develop-
ing type 2 diabetes during life is 40% if one
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parent had this disease, and even higher if the
mother had it. Over 130 variants of the type 2
DM-related gene have been identified, how-
ever, these variants explain less than 15% of
its heritability. Genetic polymorphism is the
appearance of two or more discontinuous
genotypes or alleles in a population that de-
termine the diversity of individuals in it. The
gene that determines an individual’s suscep-
tibility to a certain disease is called a sensi-
tive gene and its analysis can help in taking
certain preventive actions, in efforts to es-
tablish the concept of personalized medicine
based on insight into the nature of individ-
ual phenotypic differences. By knowing the
sensitive gene in some individuals, they may
be advised to reduce exposure to certain risk
factors, in order to reduce the incidence of
the disease. The risk of developing diabetic
nephropathy is increased several times by
inheriting risk alleles at susceptibility loci of
various genes like ACE, IL, TNF-a, COL4A1,
eNOS, SOD2, APOE, GLUT, etc [5,6].

Chronic hyperglycemia in diabetes is as-
sociated with long-term damage and dysfunc-
tion of various organs, especially the eyes,
kidneys, nerves, heart and blood vessels. Gly-
coregulation has the greatest importance in
the control of diabetes and the development
of microvascular and macrovascular compli-
cations of the disease. Chronic hyperglyce-
mia also leads to the development of specif-
ic microvascular changes in the retina, renal
glomerulus and peripheral nerves, so diabe-
tes is the leading cause of vision loss, terminal
renal failure, and neuropathy. Many differ-
ent mechanisms result in progressive loss of
mass and function of 3-cells, which is clini-
cally manifested as hyperglycemia and DM
(from autoimmune destruction of pancreatic
B-cells with consequent insulin deficiency
which is usually seen in DM type I, to resis-
tance of target tissues to insulin action, which
is usually seen in DM type II) [7-9].

Once hyperglycemia occurs, patients with
diabetes have an increased risk of developing a
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number of complications, which reduce quality
of life and increase health costs. These compli-
cations are characterized by a fairly individual
rate of development, and we can metaphorical-
ly say that DM would not be a disease if there
were no complications [10-14].

Diabetic nephropathy

Diabetic nephropathy (DN) causes progres-
sive decline in renal function and is consid-
ered a major cause of end-stage renal disease
in people with diabetes worldwide. Diabetic
nephropathy (DN) is a microvascular compli-
cation of diabetes mellitus, characterized by
the presence of persistent proteinuria (> 300
mg / day) with concomitant retinopathy but
without clinical or laboratory evidence for
other kidney or urinary tract diseases. It de-
velops in about a third of patients with type
1 and type 2 diabetes mellitus. Studies have
shown that genetic predisposition contrib-
utes to the development of diabetic nephrop-
athy. The main potentially modifying factors
that contribute to the individual’s onset and
progression of diabetic nephropathy are per-
sistent hyperglycemia and hypertension. Di-
abetic nephropathy will not develop if there
is no hyperglycemia regardless of genetic
predisposition and other present risk factors
[15-19].

Microalbuminuria has been shown to be
a predictor of early mortality in patients with
type 2 diabetes and is a risk factor for cardio-
vascular disease and kidney disease in people
with the disease, but also in those who do not
have diabetes [15-17].

Complications such as peripheral auto-
nomic neuropathy are commonly seen in pa-
tients with diabetic nephropathy and are as-
sociated with increased morbidity and mor-
tality [7,9,11].

Prospective studies in patients with diabe-
tes have shown that diabetic retinopathy is a
predictor of later development of nephropa-
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thy, and in clinical practice, the diagnosis of
diabetic retinopathy (DR) indicates possible
diabetic nephropathy (DN) [7,9,11].

Increased production of reactive oxygen
species (oxygen free radical) and reduced ef-
ficiency of the antioxidant protection lead to
oxidative stress or oxidative modifications
of molecules in our body. Numerous studies
have shown that oxidative stress is an import-
ant component in the development of vascu-
lar damage in patients with type 2 diabetes
and that hyperglycemia can be a link between
diabetes mellitus and oxidative stress. Occur-
rence of oxidative stress, i.e. hyperproduc-
tion of superoxide anion in the mitochondrial
transport chain, with reduced endogenous
antioxidant protection, seems to be a link be-
tween pathological processes induced by hy-
perglycemia [20].

Oxidative stress, which occurs when the
concentration of reactive oxygen species (ROS)
exceeds the capacity of antioxidant protection
of the organism, as well as the decrease of an-
tioxidant protection of the organism have been
shown to be significant events in the formation
of DN. Hyperglycemia induces mitochondrial
hyperproduction of superoxide anions and can
activate various cell damage pathways. The
superoxide ion is the initial oxygen free radi-
cal, formed mostly in the mitochondria, which
can be converted into other more reactive ox-
ygen species and which can damage the cell
in a number of ways. Increasing the concen-
tration of superoxide ions partially inhibits the
activity of glycolytic enzyme GAPDH (glyc-
eraldehyde 3 - phosphate dehydrogenase),
which leads to an increase in the concentration
of all compounds formed in glycolysis before
the site where this enzyme acts. The conver-
sion of dihydroxyacetone phosphate (DHAP)
to diacylglycerol (DAG), a protein kinase acti-
vator - C (PKC), is increased, as also the con-
version of triose phosphate to methylglyoxal
is increased, the major intracellular precursor
of glycation advanced end products (AGE).
Excess fructose 6-phosphate is converted to
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UDP -N-acetylglucosamine, which increas-
es protein modification, and excess glucose
is metabolized through the polyol pathway,
where reduced coenzyme (NADPH) is con-
sumed and glutathione (GSH) concentration
decreases. Despite all research, the association
between these processes remains unknown,
and clinical studies on their inhibitors have
been disappointing [21,22].

In the development of diabetic microvascu-
lar kidney disease, i.e. oxidative cell damage,
as well as its progression, the most important
role is played by hyperglycemia and activation
of the renin-angiotensin-aldosterone system in
kidney tissue. Several cell types in the nephron,
including podocytes as well as mesangial cells
and proximal tubular cells, express GLUT1
glucose transporters that cannot reduce glu-
cose entry into the cell at its high concentra-
tions in the extracellular space. Intracellular
hyperglycemia, consequently, causes the for-
mation of reactive oxygen species. Mitochon-
drial O2 - diffuses into the cytoplasm where
together with hyperglycemia and/or free fatty
acids (FFA) contributes to the development of
many diabetes-related cell damages. Reactive
oxygen species deplete antioxidant protec-
tion, using “scavengers” of free radicals and
enzymes that detoxify them. If oxygen species
are not detoxified, cellular components are
damaged and signaling pathways change. The
concentration of non-enzymatic antioxidants
decreases, but also the activity of enzymes of
antioxidant protection [23-25].

The subject of various researches was the
examination of the activity of the enzyme
glutathione S-transferase in patients with dia-
betes. In patients with diabetes, levels of glu-
tathione (GSH), a key component of cellular
non-enzymatic antioxidant defense system
involved in the removal of free radicals and
reactive oxygen species, are reduced. Pan-
creatic [3-cells are a potential target for tissue
damage induced by oxidative stress, as these
cells are sensitive to stress due to low produc-
tion of antioxidant protection enzymes. Kim
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et al. have shown that insulin and growth fac-
tors regulate gene expression for enzymes in-
volved in the detoxification processes of elec-
trophilic compounds, including cytochrome
P450 (CYP), glutathione S-transferase (GST)
and microsomal epoxy hydrolases, and this
may partly explain progressive deterioration
of B-cell function in DM type 2 [26].

Glutathione transferase

Glutathione transferases (EC 2.5.1.18) (GST)
belong to a family of multifunctional en-
zymes that represent significant participants
in the phases II in enzymatic detoxification
in the cell. They catalyze the conjugation
reaction of tripeptides, glutathione (GSH,
v-glutamyl-cysteinyl-glycine), a peptide com-
pound with a free thiol group, with various
electrophilic metabolites of endogenous or
exogenous origin, including many carcino-
gens, drugs, and many products of oxidative
metabolism, toxins and allow them to elimi-
nate from the cell. GSTs have a strong antiox-
idant activity against reactive oxygen species
and peroxides. In conjugation with glutathi-
one they reduce the reactivity of electrophilic
compounds to biologically important macro-
molecules, such as proteins and nucleic acids.
GSTs also catalyze hormone biosynthesis,
peroxide degradation, tyrosine degradation,
dehydroascorbate reduction, and many other
metabolic reactions. They also participate in
cell apoptosis [24].

The distribution of GST isoenzymes is
not the same in most tissues, i.e. certain iso-
enzymes that are highly present in one organ
may be absent or present in very low concen-
trations in other tissues. Therefore, the detox-
ification processes and harmful effects of elec-
trophilic compounds are largely determined
by the appropriate isoenzyme profile of glu-
tathione transferases of these tissues [24].

Isoenzymes represent different forms of
one enzyme that catalyze the same reactions.
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Different GSTs show different substrate spec-
ificity and catalyze different types of chemical
transformations. Human GSTs are divided
into three families: the cytosolic, mitochon-
drial, and microsomal families. The cytosolic
family of GST is further divided into seven
classes, named after the Greek letters, and ab-
breviated to capital letters: Alpha (GST A, five
isoenzymes), Mi (GST M, five isoenzymes),
Omega (GST O, two isoenzymes), Pi (GST
P, one enzyme), Sigma (GST S, one enzyme),
Theta (GST T, two isoenzymes) and Zeta class
(GST Z, one enzyme). The classification of cy-
tosolic GSTs was performed on the basis of the
primary structure. Members of the same class
of GST have more than 40% identical amino
acid sequences, while GSTs from different
classes have less than 25% identical sequenc-
es. Catalytically active proteins are dimers of
subunits of the same class. Each subunit has
two significant domains in its structure: the
thioredoxin-like N-terminal domain (G-domain)
and the a-helical domain (the so-called H-do-
main). The G-domain represents the site of
reduced glutathione (GSH) binding and it is
present in all classes. The sulfur atom from
glutathione is linked by a hydrogen bond to
the catalytic residues at the N-terminal end
of the protein. This bond stabilizes activated
GSH and plays the most significant role in the
catalytic action of GST [24-27].

Glutathione transpherase gene
polymorphism and risk of diabetes

GSTs are represented in unique forms in each
organ. Different GST isoenzymes are prod-
ucts of GST gene expression, which differ from
each other in their structural, physicochemical
and immunological properties. Their synthe-
sis is encoded by a number of genes in the hu-
man genome, which are grouped on different
chromosomes and which are class-specific. So
far, 16 genes encoding glutathione transferase
of the cytosolic family have been identified in
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humans. Functional genetic polymorphisms
are present in most of these genes. The most
commonly described polymorphisms are
genes encoding GSTM1-1, GSTT1-1, and
GSTP1-1. The genes encoding the synthesis
of all five M classes of GST are grouped on
the shorter arm of chromosome 1 (1p13.3),
and the genes encoding the synthesis of T
class are located on chromosome 22 (22q11.2).
Approximately half of members of the white
and yellow races are without active alleles
(GSTML1 - null genotype), while the lowest
frequency of GSTM1 - null genotype (24%) is
present in members of the black race. Homo-
zygous deletion of the GSTT1 gene is present
in about 20% of white and black people, while
the GSTT1-null genotype is most prevalent in
members of the yellow race [28,29].

Genetic deficiency of the GSTT1 enzyme
appears to be a strong and independent pre-
dictor of early vascular morbidity and death
in individuals with type 2 diabetes. A num-
ber of studies have been published on the as-
sociation of GST polymorphisms and various
diseases, especially in conditions associated
with oxidative stress, such as obesity, type
2 diabetes, coronary heart disease, neurode-
generative diseases or smoking habits, can-
cer, and different responses to chemotherapy.
With the discovery of allelic variants of GSTP1
encoding enzymes with reduced catalytic ac-
tivity, the hypothesis that the combination of
GST class M, P, T polymorphisms contributes
to the development of the disease, together
with environmental factors, has been the sub-
ject of many studies [30-36].

The association between GSTT1/GSTM1
deletion polymorphisms and predisposition
to diabetes has been the subject of several
studies, but there is inconsistency in the re-
sults of these studies. Yalin et al. show that
this GSTM1 gene polymorphism may con-
tribute to the development of diabetes as
well as that the GSTM1 gene may be a useful
marker for predicting susceptibility to diabe-
tes mellitus. In their research, no association
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was found between the GSTT1-null genotype
and the GSTP1-null genotype with the on-
set of diabetes. Patients with type 2 diabetes
mellitus, in the population of northern India,
had a higher incidence of GSTM1-null geno-
type compared to controls, and the presence
of GSTM1-null genotype doubled the risk of
developing type 2 diabetes. In contrast, stud-
ies in some other populations have shown an
association between the GSTT1-null genotype
and the risk of developing type 2 diabetes,
and that the presence of the GSTT1-null gen-
otype and the GSTM1-null/GSTT1-null gen-
otype combination was an independent risk
factor for diabetes. Despite differences in lit-
erature data, a meta-analysis of the study con-
cluded that GSTT1-null genotype as well as
GSTM1-null/GSTT1-null genotype represent
risk factors for the development of type 2 dia-
betes mellitus [37-47].

There is a small number of papers on the
association of GST gene polymorphism and
microvascular complications of diabetes,
and their results are inconsistent. Deletions
of GSTM1 and GSTT1 individually or both
of them were associated with decreased GST
activity and increased oxidative stress in in-
dividuals with chronic kidney disease caused
by diabetes or non-diabetic etiology. People
with the GSTT1-null genotype are more likely
to have generalized vasculopathy, with an in-
creased risk of developing diabetic nephropa-
thy and retinopathy, and this association does
not depend on smoking status [48,49].

In the human kidney, GSTM classes are
mainly localized in the tubules. GSTM1
gene expression has been detected in about
50% of people. This genetic locus is highly
polymorphic and the absence of GSTM1 is
attributed to homozygous deletion of the
gene (null genotype). Class T enzymes are
active in the kidneys and liver. The genet-
ic locus for GSTT1 is also polymorphic and
the absence of GSTT1 was found in 15-30%
of Caucasians and > 50% of Chinese people
[35,36,39,40,42,47].
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Cilensek et al. showed that the frequency
of GSTT1-null genotype was 2 times higher
in patients with diabetic retinopathy, com-
pared to patients without this complication.
The absence of GSTM1 is thought to have pro-
tective effects on the development of diabetic
retinopathy in patients with type 2 diabetes
mellitus [47].

Datta et al. indicated that patients with
type 2 diabetes with GSTT1 and GSTMI-
null genotype have reduced activity of GST
enzymes, which can affect the increased pro-
duction of reactive oxygen species, and that
these patients have a higher risk of develop-
ing diabetic nephropathy [48,49].

Yang et al. showed that the existence of
GSTT1-null genotype is a risk factor for de-
velopment of diabetic nephropathy, and that
homozygous deletion of GSTT1 gene is a risk
factor for development of terminal renal fail-
ure in patients with diabetes, but not in pa-
tients with hypertension as an etiology of this
condition. In this study, no association was
found between the deletion of the GSTM1
gene and the development of end-stage renal
disease in both groups [50].

Kim et al. have demonstrated a positive
association of GSTM1-null genotype with the
occurrence of diabetic nephropathy, while Fu-
jita et al. proved that the frequency of GSTM1-
null genotype was not significantly higher in
patients with type 2 diabetes with nephrop-
athy compared to patients without nephrop-
athy, and that the mentioned gene polymor-
phism did not contribute to the development
of diabetic nephropathy in patients with type
2 diabetes mellitus [51,52].

Suvakov and co-workers showed that peo-
ple with GSTM1-null genotype had a 1.6-fold
higher risk of developing end-stage renal dis-
ease than people with GSTMI-active geno-
type. When GST genotypes were analyzed in
combination, individuals who were carriers of
the GSTM1-null/GSTT1-null genotype had the
highest risk of developing end-stage renal dis-
ease. The risk found in carriers of GSTM1-null
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and GSTP1 low-activity genotype is also sig-
nificant. Also, it was shown that certain GST
polymorphisms affect increased oxidation of
proteins and lipids, where the effect was most
pronounced in carriers of GSTM1-null geno-
type. There was also a strong association be-
tween genotypes, with reduced or absent activ-
ity of GSTM1, GSTT1, GSTA1, and GSTP1 and
susceptibility to oxidative or carbonyl stress in
patients with end-stage renal disease [53].

We conducted a study to examine the fre-
quency of GST deletion polymorphisms in the
population with diabetes in the eastern part
of Bosnia and Herzegovina, and the possible
association of these polymorphisms with the
development of microvascular complications
of diabetes. In this study, the distribution of
GSTM1 polymorphic variants did not differ
significantly in patients with diabetes com-
pared to the control group, while the GSTT1-
null genotype was significantly more common
in the group of patients with diabetes com-
pared to the control group. Patients with dia-
betes were significantly more often carriers of
the combined GSTM1-active/GSTT1-null gen-
otype compared to the patients from the con-
trol group. Also, the distribution of individ-
ual GSTM1 and GSTT1 as well as combined
GSTM1/GSTT1 genotypes did not differ sig-
nificantly in patients with diabetic nephrop-
athy compared to the patients without this
complication, while GSTM1 deletion poly-
morphism was not associated with the risk of
developing diabetes. Patients with diabetes,
carriers of the GSTT1-null genotype had a
3-fold higher risk of developing diabetes com-
pared with patients carrying the GSTT1-ac-
tive genotype. A small modifying effect of
the GSTM1-active genotype was obtained in
patients carrying the combined GSTMI-ac-
tive/GSTT1-null genotype, in whom the risk
of developing diabetes was 3.37-fold higher
compared with patients carrying both ref-
erence alleles. Further modifying effect of
GSTM1 and GSTT1 deletion polymorphisms
at risk for diabetic nephropathy was not ob-
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tained, although patients with GSTM1-null
genotype had a 1.47-fold higher risk of devel-
oping nephropathy compared with patients
with GSTMI-active genotype, this increase
was not statistically significant. No statistical-
ly significant risk for nephropathy in patients
with diabetes was observed with respect to
GSTT1 deletion polymorphism. No combi-
nation of GSTM1/GSTT1 genotypes was as-
sociated with a significant risk of developing
diabetic nephropathy. Although patients with
the GSTM1-null/ GSTT1-null genotype had a
2.07-fold higher risk of developing nephropa-
thy, the risk was not statistically significant. In
patients with diabetic nephropathy, stratified
based on the severity of renal disease, it was
shown that patients with end-stage renal dis-
ease were significantly more likely to be carri-
ers of the combined GSTM1-null/ GSTT1-null
genotype. In patients with diabetes, regard-
less of the presence of diabetic nephropathy,
there is a significant positive correlation be-
tween the presence of both GSTM1-null geno-
type and GSTT1-null genotype and advanced
glycation end products in the serum of these
patients. Concentrations of late glycation end
products (AGEs) were significantly higher in
patients carrying either the GSTM1-null or
GSTT1-null genotype compared to patients
carrying active variants of these genes. More-
over, this association was also obtained in
patients carrying the combined GSTM1-null/
GSTT1-null genotype. There were more over-
weight people in the group of patients with di-
abetes. Also, in the subgroups of patients with
diabetes, the percentage of overweight people
was significantly higher than the percentage
in the control group. A larger number of sub-
jects in the group of patients with diabetes had
hypertension compared to subjects in the con-
trol group, which confirms the importance of
these risk factors in the development of diabe-
tes. Diabetes lasted significantly longer in pa-
tients with diabetic nephropathy compared to
the patients without this microvascular com-
plication [3,16].
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Conclusion

Diabetic nephropathy (DN) is a microvascu-
lar complication of diabetes mellitus that de-
velops in about a third of patients with DM.
Numerous studies have linked the polymor-
phism of the GST gene to a predisposition to
various diseases, including diabetes and dia-
betic nephropathy.
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Glutation transferase in diabetic nephropathy

Znacaj polimorfizama glutation transferaza za nastanak dijabeti¢ne
nefropatije

Dragana Pavlovic¢', Sinisa Risti¢?

'Univerzitetska bolnica Foca, Republika Srpska, Bosna i Hercegovina

2Univerzitet u Isto¢nom Sarajevu, Medicinski fakultet, Fo¢a, Republika Srpska, Bosna i Hercegovina

Geneticki faktori i faktori sredine imaju vaznu ulogu u nastanku dijabetes melitusa tip 2 (DM2) i nje-
govih komplikacija. Dijabetesna nefropatija (DN) jedna je od najc¢esc¢ih mikroangiopatskih hroni¢nih
komplikacija dijabetesa.

Oksidativni stres nastaje u uslovima povecane produkcije slobodnih radikala i/ili smanjenja aktivno-
sti enzima antioksidativne zastite i predstavlja bitnu kariku u slozenom mehanizmu nastanka dijabe-
ti¢nih vaskularnih promjena. Glutation transferaze (GST) su enzimi koji su uklju¢eni u procese meta-
bolizma ksenobiotika i dio su kompleksnih mehanizama antioksidativne zastite. Brojna istrazivanja
povezuju polimorfizam gena za GST sa predispozicijom za nastanak razli¢itih bolesti, ukljucujuci di-
jabetes i dijabeti¢nu nefropatiju.

Nasi i rezultati drugih autora ukazuju na to da su genetske varijacije u enzimima koje su uklju¢ene
u metabolizam slobodnih radikala povezane sa nastankom terminalne bubrezne insuficijencije kod
bolesnika sa dijabetesom, $to bi moglo postati osnova za razvoj preventivnih i ranih terapijskih stra-
tegija djelovanja kod osoba sa visokim rizikom.

Kljucne rijeci: dijabetes, dijabetesna nefropatija, polimorfizam glutation transferaza
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Summary

Introduction. Since the announcement of the SARS-CoV-2 pandem-
ic, the health system has been facing great challenges. Due to several
uncertainties and concerns, surgeons face a huge challenge in solving
urgent surgical conditions in order to save a life.

Case report. We present a patient with a coronavirus (COVID-19) in-
fection and acute abdomen who was in poor general condition at the
time of surgery, septic, all as a result of duodenal ulcer perforation. She
did not have a positive RT-PCR at the time of surgery, but the lung CT
scan showed highly indicative signs of COVID-19 infection. She had a
positive nasopharyngeal swab RT-PCR test for the SARS-CoV-2 virus on
the first postoperative day.

Conclusion. All suspected COVID-19 patients during surgery should
be treated as positive for SARS-CoV-2 virus with the use of all staff pro-
tection measures.

Keywords: COVID-19, acute abdomen, RT-PCR, CT

et all. This is an Open Access article
distributed under the terms of the
Creative Commons Attribution 4.0
International (CC BY 4.0) license.

Introduction

Since initially discovered in China, in the city of Wuhan, in December 2019, the SARS-CoV-2
coronavirus began to spread unstoppably around the world, so the pandemic was declared
in March 2020 [1]. The consequences of this new disease are noticed at all levels of the health
system, primarily due to the engagement of many health workers in the treatment of patients
with COVID-19. Medical doctors of all specializations, including surgeons, are involved in the
treatment of patients with COVID-19 disease.

A specific challenge is to treat patients who require urgent surgical intervention during
this pandemic situation because the surgical treatment of COVID-19 patients requires more
serious protection measures than treating non-COVID-19 patients. Waiting for the real-time
polymerase chain reaction (RT-PCR) report for SARS-CoV-2 can further endanger life of the
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patient who needs urgent surgical interven-
tion. Radiological diagnostic methods such as
X-rays and CT play a major role in diagnos-
ing COVID-19 patients or at least raising the
suspicion of the disease. Therefore, all cases
of suspicious COVID-19 patients, who need
emergency surgical intervention, it is neces-
sary to be treated as COVID-19 patients, us-
ing safety protocol measures, until the arrival
of negative RT-PCR result [2, 3].

We are presenting a COVID-19 patient
with acute abdomen and perforated duode-
nal ulcer that required emergency surgery.

Case report

The 75-year-old patient checked in at the
pre-admission surgical clinic due to epigas-
tric pain that spreads to the right side of the
chest, and nausea. The pain started a few
hours earlier. On admission to the clinic the
abdomen was soft, painfully sensitive to pal-
pation in the epigastrium. Comorbidities - hy-
pertension, previous treatment of rheumatic
problems, and an amputated toe due to vas-
cular issues. Following protocol for all pa-
tients who require hospital treatment, a rapid
serological test, rapid antigen test and naso-
pharyngeal swab RT-PCR test were done in
the admission clinic - the result was negative.
Patient had negative epidemiological data for
COVID-19. An ultrasound of the abdomen
was performed - we discovered minimal col-
lection of free fluid in the pouch of Douglas,
other findings were normal. X-ray of the ab-
domen showed no signs of pneumoperitone-
um, X-ray of the lungs showed very sharp-
ened pulmonary bronchovascular pattern.
Lung CT findings showed bilateral, multilo-
bar, predominantly peripheral and posterior
distribution of subpleural lines and fibrous
bands with zones of consolidation mainly in
the lower lobes suggestive of COVID-19 dis-
ease; free fluid present in the abdomen with-
out signs of pneumoperitoneum. Due to ra-
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diologically verified lung changes indicating
the possible SARS-CoV-2 virus infection, she
was admitted to the COVID-19 department
for further diagnosis and treatment. Initial
laboratory findings were RBC 3.81, WBC 8.1,
HGB 102, CRP 131, LDH 251, albumin 30.
Treatment started according to the protocol
for COVID-19. A nasopharyngeal swab PCR
test on SARS-CoV-2 was taken twice, and the
second one was positive. Despite the applied
therapy, the general condition worsened as
well as the laboratory parameters after 4 days
of hospitalization (CRP 315.2, RBC 3.4, WBC
29.2, fibrinogen 15.5, albumin 18). In addition,
abdominal distension with diffusely painful-
ly sensitive palpation occurred, patient was
febrile and exhausted. Control CT of the chest
and abdomen was performed: changes in the
lungs which are characteristic of COVID-19
were in progression compared to the previous
images. A large amount of thick fluid content
and pneumoperitoneum were present in the
perihepaticregion (Figure 1 and 2). Boey score
of 2 set indications for surgery. Under general
endotracheal anesthesia, an open abdominal
operation was performed, with an upper me-
dial incision. Perforation was documented on
the front side of the duodenal bulb up to 1.5
cm in size, with fibrin deposits along the sero-
sal surfaces. Perforation site suture was per-
formed with perforation site omentoplasty.
Diagnostic peritoneal lavage was performed,
and two drains were placed - subhepatic and
in the pouch of Douglas. After the surgery,
the patient was transferred to the COVID-19
intensive care unit, where conservative treat-
ment was continued with oxygen therapy
(max 8 10,) via an oxygen mask. On the 4th
postoperative day, she was transferred to the
COVID-19 department, where conservative
treatment with antibiotics (Imipenem, Van-
comycin, and Metronidasole), anticoagulant
therapy (Nadroparin calcium 0.6 ml sc twice
a day), proton pump inhibitors (PPI), oxygen
support (via a mask with a flow of up to 61
0,), corticosteroids was continued, as well as
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vitamin therapy with fluid replacement and
other symptomatic therapy. Patient was with-
out oxygen support from the 10th postopera-
tive day. On the 20th day of hospitalization,
she was released for home treatment, in good

general condition and with appropriate local
findings, with inflammatory biochemical pa-
rameters within normal range and advice for
regular examinations.

S

&

2N

Figure 2a. and 2b. Abdominal CT - subdiaphragmatically and down the anterior abdominal wall (with the patient
lying on his back) free gas collections indicating perforation of the hollow organ
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Discussion

COVID-19 is typically characterized by respi-
ratory tract symptoms, but sometimes may be
presented with abdominal pain, without hav-
ing findings of abdominal disease, and with
no respiratory symptoms. In a retrospective
study, 11.8% of patients were positive for
SARS-CoV-2, without respiratory symptoms
and with abdominal problems and verified
changes on CT screening of the lungs, charac-
teristic of COVID-19 [4].

In a COVID-19 patient, an acute abdomen
may develop for multiple reasons. Although
gastrointestinal symptoms may appear in up
to 70% of the patients, they do not usually pres-
ent a severe abdominal situation [5]. The mech-
anisms of abdominal pain during SARS-CoV-2
infection may be classified as pulmonary (with
CT abnormalities), due to the involvement of
lower pulmonary lobes, and extrapulmonary,
as a result of direct damage of gastrointestinal
(GI) epithelium by SARS-CoV-2 virus attack
on angiotensin-converting enzyme 2 (ACE2)
in GI cells, as a receptor for viral entry or as a
complication of the drugs used [6, 7].

Since the declaration of the COVID-19
pandemic in our country, all patients pre-
senting at the emergency surgical clinic are
treated as potential COVID-19 suspects. Ac-
cording to the protocol in our hospital, exam-
ination in the surgical clinic requires the use
of personal protective equipment (PPE), and
if the patient’s condition requires hospitaliza-
tion, all patients are tested by rapid antigen-
ic tests on SARS-CoV-2 before admission. If
the result is negative, they are admitted to the
surgical department, and if it is positive, they
are admitted to the COVID-19 department,
for further diagnosis and treatment.

In our case, on admission, the patient had
no respiratory distress, with an initially neg-
ative rapid test for SARS-CoV-2 virus. Ab-
dominal X-ray showed no pneumoperitone-
um, ultrasound and CT of the abdomen was
nonspecific, but the positive finding on chest
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X-ray and CT of the chest suggested that the
patient had COVID-19, with no clear signs
of acute abdominal surgical disease. That is
why the patient was admitted to the isolation
unit of the COVID-19 department, where the
treatment began. Since the patient has not had
previous gastrointestinal problems, we cannot
say with certainty what caused the duodenal
ulcer perforation. Several studies and associa-
tions state that whenever possible, non-surgi-
cal treatment should be applied and patients
should be treated with conservative therapy
for conditions that allow it (acute cholecystitis,
appendicitis, diverticulitis, etc.) [5]. However,
many authors argue that although COVID-19
increases mortality and morbidity in surgical
patients, abdominal conditions should be sur-
gically solved urgently. It is important to em-
phasize that the absence of pneumoperitone-
um on X-ray of the abdomen is not an absolute
sure sign of the absence of perforation of hol-
low organs of the abdomen [5, 8].

The data showed that only a quarter (25%)
of patients who went to the operating room
(OR) had an RT-PCR swab test performed. Ac-
cording to published studies, negative RT-PCR
swab tests have been reported up to 34.7% of
patients with chest CT findings suggestive of
COVID-19 initially. Most of the patients with
consistent CT COVID-19 findings and initial
negative RT-PCR results will develop RT-PCR
positivity after approximately 5 days [9]. Pa-
tients presenting with an acute abdomen are
likely to undergo surgery regardless of the
findings of CT of the lungs or the findings of
swabs if their clinical condition requires urgent
surgery [10]. On the 4th day of hospitalization,
the patient underwent a control CT scan of the
chest and abdomen after which an emergency
surgery was scheduled.

On the day of surgery, the second RT-PCR
was in progress, and the first one was negative
(taken on the 2nd day of hospitalization). The
second RT-PCR was positive, postoperatively.

The question arises, to use laparoscopic
or open surgery in COVID-19 patients. The
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SARS-CoV-2 virus is spread and transmitted
by respiratory droplets and direct contact.
The virus was also detected in fecal masses.
Some authors state that they did not isolate
the virus in peritoneal fluid, while other au-
thors say they did [7, 11,12]. In patients with
duodenal ulcer perforation, perforation site
suturing with omentoplasty is a validated
technique equally in laparoscopic and open
surgery in terms of efficacy and safety, with
somewhat easier early postoperative recov-
ery after laparoscopic surgery [7]. In our case,
we decided to do a laparotomy because there
were no technical possibilities for laparoscop-
ic surgery in the COVID-19 OR.

Many authors present data on the number
of infected health workers, which puts addi-
tional pressure on the already burdened health
system in all countries [13]. Therefore, accord-
ing to the protocols, the number of elective sur-
geries in surgical wards has been reduced, but
urgent surgical matters cannot wait and must
be performed in order to save human lives [14].
The risk of exposure for the surgical staff is
high, especially for anesthesia teams. Therefore,
it is necessary to use the complete PPE as well
as to take all precautions necessary related to
the preparation of the OR and the instruments,
before, during, and after the surgery.

Funding source. The authors received no specific funding
for this work.

Ethical approval. This article does not contain any studies
with human participants performed by any of the authors.
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Conclusion

This paper does not present a clinical rar-
ity, and the situation of the occurrence of two
simultaneous acute diseases with all the di-
agnostic and therapeutic dilemmas they car-
ry is possible in everyday clinical practice.
We should not forget about the possibility of
non-infectious pathology, during pandemics,
as well as the possibility of acute chronic dis-
ease. Stress ulcers can also occur, so the possi-
bility of existing pharmacotherapeutic gastro-
protection should be used.

We also emphasize the importance of
multiple testing during COVID-19 in the case
of early negative findings of serological and
PCR tests, as well as to consider the possibili-
ty of indirect, non-etiological, diagnosis of the
disease, e.g. by performing CT of the lungs
with epidemiological data.

Acute surgical diseases in patients with
COVID-19 should be treated surgically when-
ever possible, using laparoscopic or open sur-
gery. The choice depends on the affinity and
training of the surgeon with the aim of mini-
mizing the duration of the operation and re-
ducing exposure to the virus. Further research
on the isolation of SARS-CoV-2 from the peri-
toneal cavity with urgent surgical conditions
is needed to reconcile conflicting views.

Conflict of interest. The authors declare no conflict of in-
terest.

Godiste 12 Decembar 2021



References:

1. Pérez-Rubio A, Sebastian Tomas JC, Navar-
ro-Martinez S, Gonzalvez Guardiola P, Tor-
recillas Merofio DG, Domingo del Pozo C.
Incidence of surgical abdominal emergen-
cies during SARS-CoV-2 pandemic. Cir Esp
2020;98(10):618-24.

2. Shankar M, Chaudhary MK, Samal S, Ram-
chandani R. Emergency surgery amid ongoing
pandemic in suspected COVID-19 with D1 per-
foration. Int Surg J 2020;7(9):3169-71.

3. Gao Y, Xi H, Chen L. Emergency surgery in
suspected COVID-19 patients with acute ab-
domen: case series and perspectives. Ann Surg
2020;272(1):38-39.

4. Saeed U, Sellevoll HB, Young VS, Sandbaek
G, Glomsaker T, Mala T. Covid-19 may pres-
ent with acute abdominal pain. Br ] Surg
2020;107(7):e186-e187.

5. Rasslan R, Dos Santos JP, Menegozzo CAM,
Pezzano AVA, Lunardeli HS, Dos Santos
Miranda J, et al. Outcomes after emergen-
cy abdominal surgery in COVID-19 patients
at a referral center in Brazil. Updates Surg
2021;73(2):763-68.

6. Serban D, Socea B, Badiu CD, Tudor C, Balases-
cu SA, Dumitrescu D, et al. Acute surgical ab-
domen during the COVID-19 pandemic: Clin-
ical and therapeutic challenges. Exp Ther Med
2021;21(5):519.

7. Agnes A, La Greca A, Tirelli F, Papa V. Duo-
denal perforation in a SARS-CoV-2-positive
patient with negative PCR results for SARS-
CoV-2 in the peritoneal fluid. Eur Rev Med
Pharmacol Sci 2020;24(23):12516-21.

Godiste 12 Decembar 2021

Duodenal perforation in an elderly COVID-19 patient

8. Gao Y, Xi H, Chen L. Emergency Surgery in

Suspected COVID-19 Patients With Acute Ab-
domen: Case Series and Perspectives. Ann Surg
2020;272(1):e38-e39.

9. Torretta S, Zuccotti G, Cristofaro V, Ettori J,

Solimeno L, Battilocchi L, et al. Diagnosis of
SARS-CoV-2 by RT-PCR Using Different Sam-
ple Sources: Review of the Literature. Ear Nose
Throat ] 2021;100(2):1315-138S.

10. Ooi MWX, Liong SY, Baguley N, Sharman A,
Tuck J. Role of complementary Ct chest in pa-
tients presenting with acute abdominal symp-
toms during covid-19 pandemic: a UK experi-
ence. Clin Imaging 2021;69:289-92.

11. Coccolini F, Tartaglia D, Puglisi A, Giordano C,
Pistello M, Lodato M, Chiarugi M. SARS-CoV-2
Is Present in Peritoneal Fluid in COVID-19 Pa-
tients. Ann Surg 2020;272(3):e240—e2.

12. Vischini G, D’Alonzo S, Grandaliano G, D’ As-
cenzo FM. SARS-CoV-2 in the peritoneal waste
in a patient treated with peritoneal dialysis.
Kidney Int 2020,98(1):237-38.

13. Durmus E, Guneysu F. Demographic character-
istics of Covid-19 positive healthcare workers
and comparison with the literature. Sanamed
2021;16(1):71-76.

14. Ferahman S, Donmez T, Surek A, Akarsu C,
Aydin H, Seyit H, et al. The effect of Covid-19
pandemic on the functioning of a surgical clin-
ic: single centre experience in Turkey. Sanamed
2021;16(1):19-27.

www.biomedicinskaistrazivanja.mef.ues.rs.ba | 209



Biomedicinska istraZivanja 2021;12(2):204-210

Duodenalna perforacija sa akutnim hirurSkim abdomenom kod pacijenta sa
Covid-19

DZemail S. Detanac, Enes Zogi¢, Dzemil Bihorac, Jelena Pavlovi¢, Dzenana A. Detanac,
Lejla Cerani¢, Mehmed Mujdragi¢, Kemal Alihodzi¢, Irfan Corovi¢

Opsta bolnica Novi Pazar, Srbija

Uvod. Od proglasenja pandemije SARS-CoV-2 virusa, zdravstveni sistem u svetu se nalazi pred veli-
kim izazovom. Zbog niza nepoznanica i nedoumica, hirurzi se nalaze pred velikim izazovom prilikom
reSavanja urgentnih hirurskih stanja u cilju spasavanja Zivota.

Prikaz slucaja. Predstavljamo pacijenta sa COVID-19 infekcijom i akutnim abdomenom koji je u tre-
nutku operacije bio loSeg opsteg stanja, septican, a sve kao posledica perforacije ulkusa duodenu-
ma. U trenutku operacije nije imao pozitivan RT-PCR, ali sa radioloski visokoindikativnim znacima
COVID-19 infekcije na CT-u pluca. Prvog postoperativhog dana je imao pozitivan RT-PCR bris nazofa-
rinksa na SARS-CoV-2 virus.

Zakljucak. Svi pacijenti suspektni na COVID-19 prilikom hirurske intervencije trebalo bi da se tretira-
ju kao da su pozitivni na SARS-CoV-2 virus uz upotrebu svih mera zastite osoblja.

Kljuéne reci: COVID-19, akutni abdomen, RT-PCR, CT
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Prikaz knjige / Book review

Nasa borba sa Kovidom

Naslov knjige: Nasa borba sa Kovidom
Autor: prof. dr Zlatko D. Maksimovic¢

Izdavaé: Narodna biblioteka , Filip Vi$nji¢”, Bijeljina

Mijesto i godina izdanja: Bijeljina, 2021. godine
Stampa: Grafomark d.o.o. Laktasi
ISBN: 978-99955-48-46-9

Zadovoljstvo mi je da predstavim jedin-
stvenu monografiju na naSem jezickom pod-
rucju “Nasa borba sa Kovidom®, autora prof.
dr Zlatka Maksimovica, vanrednog profesora
hirurgije Medicinskog fakulteta u Foci, Uni-
verziteta u Istocnom Sarajevu. Monografija je
rezultat analize funkcionisanja Javne zdravst-
vene ustanove ““Sveti Vracevi” Bijeljina u
pandemiji Kovid-19, a objavljena je u maju
2021. godine. Izdavac je NB “Filip Visnji¢”,
Bijeljina.

Koliko je jedna sredina uspjela u kontro-
li pandemijske nemani saznace Ccitalac ove
monografije. Moje je miSljenje, kao neposred-
nog svjedoka i dijelom aktivnog ucesnika u
tim dogadajima, da je autor uspio docarati ta
deSavanja medicinskoj i opstoj nemedicinskoj
javnosti na pristupacan i realisti¢an nacin.

Autor ovu monografiju pocinje citatom
Viktora Igoa: ,Nema ni¢eg mocnijeg od ideje
cije je vrijeme doslo”.

Monografija “Nasa borba sa Kovidom”
napisana je na 262 strane i prikladno je ilus-
trovana originalnim fotografijama iz arhive
autora. Sastoji se iz 11 poglavlja. U njima se
opisuju postojeca znanja o Kovid-19, hro-
nologija dogadaja vezana za Kovid-19 u Bi-
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jeljini, prelomni trenuci u borbi protiv nje,
otvaranje nove kovid bolnice i poliklinike,
funkcionisanje operativhog bloka u nave-
denim pandemijskim uslovima, svjedocenja
dobrovoljaca/medicinskih i nemedicinskih
profesionalaca ove ustanove koji su radili
na zbrinjavanju Kovid-19 pozitivnih ili paci-
jenata kod kojih se postavila sumnja na ovu
bolest, utiscima gostujucih strucnjaka o funk-
cionisanju bolnice u ovom periodu, procesu
vakcinacije zaposlenih, utiscima zvaniénika
Republike Srpske o aktivnosti bolnice u borbi
protiv pandemije, te o donacijama bolnici u
ovom periodu.

U odvojenom poglavlju su sazeto prika-
zana iskustva i pouke koje su zaposleni i ru-
kovodstvo bolnice naucili tokom borbe protiv
Kovid-19 pandemije.

Recenzenti monografije su prof. dr Go-
ran Stevanovié, infektolog, direktor Klinike
za infektivne i tropske bolesti , Prof. dr Kosta
Todorovi¢” Klinickog centra Srbije u Beogra-
du i prof. dr Biljana Mijovi¢, epidemiolog, re-
dovni profesor Medicinskog fakulteta u Fodi,
Univerziteta u Istoénom Sarajevu. Recenzenti
i autor ovog ¢lanka preporucuju monografi-
ju studentima medicine i zdravstvene njege,
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a takode i stru¢njacima razlicitih medicinskih
i nemedicinskih profila u oblasti javnog
zdravlja. Monografija sadrzi interpretaciju
multidisciplinarnog pristupa ovom jos uvijek
aktuelnom problemu javnog zdravlja.

Znacaj ove monografije prevazilazi samu
interpretaciju Kovid pandemije. Kao Sto je
“dosao” Kovid, uvijek se moZe desiti nesto
drugo, na primjer infektivna bolest ili sasvim
druga masovna nesrec¢a. Ova knjiga i iskustva
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koja su u njoj opisana pokazuju kojim pravcem
treba ici i kako treba odgovoriti na ovakve iza-
zove.

Na kraju treba reci: “Verba volant, scrip-
ta manent (Desilo se samo ono $to je ostalo i
zapisano)” i zato Cestitam autoru i izraZzavam
svoju zahvalnost i postovanje Sto je u toku jos
uvijek razbuktale epidemije nasao vremena i
Zelje da ovo vrijedno djelo napise.

Prof. dr SiniSa Risti¢
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Zahvalnost recenzentima

Zahvaljujemo recenzentima radova objavljenih u ¢asopisu “Biomedicinska istraZivanja”
tokom 2021. godine na savjesnim i stru¢nim recenzijama, kao i korisnim savjetima i prijedlozi-
ma koji omogucavaju autorima da poboljsaju kvalitet svojih radova. Svojim savjesnim radom
recenzenti znacajno doprinose kvalitetu i nau¢noj ozbiljnosti casopisa na ¢emu im urednistvo
iskreno zahvaljuje.
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UPUTSTVO AUTORIMA ZA PISANJE CLANKA ZA CASOPIS
»BIOMEDICINSKA ISTRAZIVANJA“

»~Biomedicinska istraZivanja“ je casopis Medicinskog fakulteta Foca, Univerziteta u Istocnom
Sarajevu, sa otvorenim pristupom i slijepom recenzijom, koji izlazi dva puta godisnje, u junu
i decembru.

U casopisu , Biomedicinska istraZivanja” objavljuju se originalni nau¢ni radovi, prethodna ili
kratka saopstenja, pregledni i struéni radovi, radovi za praksu, edukativni ¢lanci, komentari
na objavljene ¢lanke, prikazi bolesnika, pregledi iz literature, radovi iz istorije medicine, pri-
kazi knjiga, izvjestaji sa nauc¢nih i struénih skupova, novosti i pisma iz svih oblasti medicine,
stomatologije, defektologije i zdravstvene njege.

Otvoreni pristup casopisu Biomedicinska istraZivanja omogucava slobodan, besplatan i
neogranicen onlajn pristup svim clancima poslije njihovog onlajn objavljivanja. Korisnici
mogu besplatno da preuzmu, ¢itaju, kopiraju i Stampaju kompletne tekstove svih radova ili
da ih koriste za svaku drugu zakonom dozvoljenu svrhu, bez prethodnog odobrenja izdavaca
ili autora.

Ne postoji naknada za podnosenje ¢lanka, za obradu ¢lanka, za recenziju, ni naknada za pris-
tup objavljenim ¢lancima.

Uslovi. Casopis Biomedicinska istraZivanja objavljuje samo radove koji nisu ranije objavljeni u
gjelosti ili djelimic¢no, osim u obliku saZetka, i koji nisu istovremeno podnijeti za objavljivanje
nekom drugom casopisu.

Opsta pravila

Tekst ¢lanka pisati jasno i jezgrovito sa izbjegavanjem nepotrebnih opSirnosti na srpskom jezi-
ku, latinicom ili engleskom jeziku sa kratkim sadrZajem, obavezno i na srpskom i na engles-
kom jeziku. Zbog bolje dostupnosti i vece citiranosti, autorima se preporucuje da radove svih
oblika predaju na engleskom jeziku. Originalni radovi, prethodna ili kratka saopstenja, prikazi
bolesnika ili slucajeva, pregledni radovi i aktuelne teme, publikuju se iskljuc¢ivo na engleskom
jeziku, a ostale vrste radove se mogu publikovati i na srpskom jeziku samo po odluci Ured-
nistva. Skracenice koristiti izuzetno i to samo za veoma duge nazive hemijskih supstancija ili
za nazive koji su poznati kao skracdenice (npr. AIDS, DNK, itd). Ne mogu se skracivati nazivi
simptoma i znakova, kao i imena bolesti, anatomske ili histoloSke osobenosti. Koristiti mjere
metrickog sistema u skladu sa Internacionalnim sistemom jedinica, a za lijekove genericka
imena, dok se uredaji oznacavaju trgovackim nazivima, pri ¢emu je ime i mjesto proizvodaca
u zagradi.

Tekst rada kucati u programu za obradu teksta Word, sa dvostrukim proredom, iskljuci-
vo fontom Times New Roman i veli¢inom slova 12. Sve margine podesiti na 25 mm, veli¢inu
stranice na A4, a tekst kucati sa lijevim poravnanjem i uvlacenjem svakog pasusa za 10 mm,
bez dijeljenja rijeci.

Stranice numerisati redom u okviru donje margine pocev od naslovne strane. Podaci o
koris¢enoj literaturi u tekstu se oznacavaju arapskim brojevima u uglastim zagradama - npr.
[3, 4] i to onim redoslijedom kojim se pojavljuju u tekstu.

Za izradu grafickih priloga koristiti standardne graficke programe za Windows, iz pro-
gramskog paketa Microsoft Office (Excel). Kod kompjuterske izrade grafika treba izbjegavati
upotrebu boja i sjencenje pozadine.



Uz rukopis clanka potrebno je priloZiti izjavu sa potpisima svih autora da clanak nije
ranije objavljivan, niti se trenutno razmatra njegovo objavljivanje u drugom casopisu - publik-
aciji. Svi prispjeli radovi upucuju se na anonimnu recenziju kod dva recenzenta, strucnjaka iz
odgovarajuce oblasti. Radovi se ne honorisu, niti se vracaju.

Zahvalnica

Navesti sve one koji su doprinijeli stvaranju rada, a ne ispunjavaju mjerila za autorstvo, kao
$to su osobe koje obezbjeduju tehni¢ku pomo¢. Finansijska i materijalna pomoc u obliku spon-
zorstva, stipendija, poklona, opreme, lijekova i drugog, treba, takode, da bude navedena. Ne
stavljaju se plac¢ene usluge, npr. strucni prevodi na engleski jezik.

Propratno pismo mora sadrzati datum slanja, naslov rukopisa i informacije o prethodnoj pu-
blikaciji ili prethodnom odbijanju od strane drugog casopisa. Ako je rukopis prethodno od-
bio drugi casopis, autori treba da opisu kako se poboljSao od trenutka odbijanja. Takode je
potrebno dostaviti kopije svih dozvola za: reprodukovanje prethodno objavljenog materijala,
upotrebu ilustracija i objavljivanje informacija o poznatim ljudima ili imenovanje ljudi koji su
doprinijeli izradi rada.

Plagijarizam

Od 25. septembra 2018. godine svi rukopisi se podvrgavaju provjeri na plagijarizam/autopla-
gijarizam preko iThenticate, a od 2021. godine i preko SCIndeks Assistant — Cross Check (iThen-
ticate). Posebna paznja se posvecuje rukopisima za koje se sumnja da su plagirani u skladu
sa dijagramima toka COPE (http://publicationethics.org/resources/flovcharts) i smjernicama
ICMJE. Radovi kod kojih se dokaZze plagijarizam/autoplagijarizam bice odbijeni.

Obim rukopisa

Obim rukopisa (ne racunajuci kratak sadrzaj i spisak literature) za pregledni rad moze iznositi
najvise dvanaest strana, za originalni rad deset strana, za stru¢ni rad i rad iz istorije medicine
osam strana, za prethodna saopStenja Cetiri strane, a za izvjeStaj, prikaz knjige i pismo dvije
strane, a za prikaz slucajeva (bolesnika) do Sest strana.

Dijelovi rada: naslovna strana, kratak sadrZaj sa klju¢nim rije¢ima, tekst rada, literatura, pri-
lozi (tabele, grafikoni, slike).

Originalni i stru¢ni radovi treba da imaju sljede¢e podnaslove: Uvod (Cilj rada navesti kao
posljednji pasus Uvoda), Metod rada, Rezultati, Diskusija, Zakljucak, Literatura.

Pregledni rad cine: Uvod, Odgovarajuc¢i podnaslovi, Zakljucak, Literatura. Pregledni rad
mora da sadrzi najmanje 5 radova autora ¢lanka iz uze oblasti iz koje je rad.

Prikazi bolesnika ili slucaja ¢ine: Uvod (Cilj rada navesti kao posljednji pasus Uvoda), Prikaz
bolesnika, Diskusija, Literatura. Za ostale vrste radova saZetak nema posebnu strukturu.

Priprema rada

Radove pripremati u skladu sa Vankuverskim dogovorom (V izdanje, revizija iz 1997. godine)
postignutim na inicijativu Medunarodnog komiteta urednika medicinskih casopisa (Internati-
onal Committee of Medical Journals Editors) Uniform Requirements for Manuscripts Submitted to
Biomedical Journals: www.icmje.org - http://www .icmje.org/urm_full.pdf.

Naslovna strana

Na posebnoj stranici, prvoj stranici rukopisa, treba navesti sljedece:



* naslov rada bez skracenica;

* puna imena i prezimena autora bez titula indeksirana brojevima;

¢ zvani¢ni naziv ustanova u kojima autori rade i mjesto, i to redoslijedom koji odgovara
indeksiranim brojevima autora;

* na dnu stranice navesti ime i prezime autora sa kojim ¢e se obavljati korespondencija,
njegovu adresu, kontakt telefon i e-mail adresu;

* na ovoj stranici, po Zelji autora navesti izvore finansiranja, kao i izjave zahvalnosti.

Kratak sadrzaj (apstrakt) i kljucne rijeci. Uz originalni nauc¢ni rad, saopstenje, pregledni
strucni i rad iz istorije medicine treba priloziti na posebnoj stranici kratak sadrzaj do 250 rijeci.
U njemu se navode ciljevi i metod rada, glavni rezultati (ako je moguce navesti brojcane podatke i
njihovu statisticku znacajnost) i osnovni zakljuéci rada. Na kraju nabrojati klju¢ne rijeci ili krace
fraze (3 do 5) bitne za brzu identifikaciju i klasifikaciju ¢lanka. Ukoliko postoji mogucnost,
za izbor kljucnih rijeci treba koristiti Medical Subject Headings —MeSH (http://[www.nlm.nih.gov/
mesh). Preporucuje se da rijeci iz naslova ne budu koriscenje za kljucne rijeci.

Naslov rada, puna imena i prezimena autora, nazive ustanova, kratak sadrzaj (apstrakt) i
kljucne rijeci na engleskom jeziku

Na posebnoj stranici otkucati naslov rada, puna imena i prezimena autora, nazive ustanova,
apstrakt i kljucne rijec¢i na engleskom jeziku, ukoliko je rad napisan na srpskom jeziku. (Za
radove napisane na engleskom jeziku osim kratkog sadrzaja na engleskom jeziku potreban je
i kratak sadrZaj na srpskom jeziku).

Prilozi su tabele, slike (fotografije), crtezi (sheme, grafikoni), kojih moze biti ukupno Sest. Sva-
ki prilog se dostavlja kao poseban dokument, obiljeZen na isti nacin kao u tekstu. Ako su
tabele, grafikoni, sheme ili slike ve¢ objavljeni, navesti originalni izvor i priloziti pisano odo-
brenje autora za njihovo koriséenje.

Tabele. Svaka tabela se kuca na posebnoj stranici. Tabele se oznacavaju arapskim brojevima
prema redoslijedu navodenja u tekstu. Naslov tabele prikazuje njen sadrZaj i kuca se iznad
tabele. KoriS¢ene skracenice u tabeli obavezno objasniti u legendi tabele. Tabele raditi iskljuci-
vo u programu Word, kroz meni Table-Insert-Table uz Uputstvo autorima definisanje tacnog
broja kolona i redova koji ¢e ¢initi mreZu tabele.

Slike (fotografije). Priloziti samo kvalitetno uredene fotografije u crno-bijeloj tehnici i to u
originalu. Na poledini svake slike zalijepiti naljepnicu sa njenim rednim brojem, imenom au-
tora i oznacenim vrhom slike. Naslov slike otkucati na posebnom listu.

Crtezi (sheme, grafikoni). Grafikoni treba da budu uradeni i dostavljeni u programu Excel,
a zatim linkovani u Word-ov dokument gdje se grafikoni oznacavaju arapskim brojevima po
redoslijedu navodenja u tekstu. Naslove grafikona i legendu za svaki crtez napisati na poseb-
nom listu.

Literatura. Kuca se na posebnoj stranici, s dvostrukim proredom, sa arapskim brojevima pre-
ma redoslijedu navodenja u tekstu. Broj referenci ne bi trebalo da bude vedci od 30, osim u
preglednom radu u kome je dozvoljeno da ih bude do 50. Oko 80% citata treba da budu origi-
nalni radovi, a ostalo mogu da budu knjige, poglavlja u knjigama ili pregledni radovi. Vec¢ina
citiranih naucnih clanaka ne treba da bude starija od pet godina, a citiranje saZetaka treba izb-
jegavati. Reference se citiraju prema tzv. Vankuverskim pravilima (Vankuverski stil). Koristiti
skracene nazive ¢asopisa po ugledu na , Index Medicus”.



Primjeri citiranja:

Clanak u Casopisu:

Jasselon J, Kuser BY, Wier MR. Hepatitis B surface antigenemia in a chronic hemodialysis pro-
gram. Am ] Kidney Dis 1987;9(6):456-61.

Navode se imena najvise Sest autora, a ako ih je vise, iza Sestog se dodaje ,, i saradnici”, odnos-
no et al.” ukoliko je referenca napisana na engleskom jeziku.

Poglavlje u knjizi:

Meltzer PS, Kallioniemi A, Trent JM. Chromosome alterations in human solid tumors. In: Vo-
gelstein B, Kinzler KW, editors. The genetic basis of human cancer. New York: Mc-Graw-Hill;
2002. p. 93-113.

Knjiga:
Murray PR, Rosenthal KS, Kobayashi GS, Pfaller MA. Medical microbiology. 4th ed. St. Louis:
Mosby; 2002.

Clanak s kongresa ili sastanka:

Vukovié¢ B, Seguljev Z, Virusni hepatitisi — aktuelan epidemioloski problem 32. Dani preven-
tivne medicine. Ni$, 1998. Zbornik rezimea. Institut za zastitu zdravlja, Nis, 1998; 51-64.

Disertacija:
Radosavljevi¢ V. Faktori rizika za nastanak malignih tumora mokrac¢ne besike. Doktorska dis-
ertacija. Univerzitet u Beogradu, 1999.

Clanak za asopis u elektronskom formatu:

Abood S. Quality improvement initiative in nursing homes: the ANA acts in an advisory role.
Am ] Nurs [serial on the Internet]. 2002 Jun [cited 2002 Aug 12];102(6):[about 3 p.]. Available
from: http://www.nursingworld.org/AJN/2002/june/Wawatch.htm

web stranica na internetu:

Cancer-Pain.org [homepage on the Internet]. New York: Association of Cancer Online Re-
sources, Inc.; c2000-01 [updated 2002 May 16; cited 2002 Jul 9]. Available from: http://www.
cancer-pain.org/.

Slanje rukopisa. Rukopis rada i svi prilozi uz rad dostavljaju se iskljucivo elektronski preko
sistema za prijavljivanje na internet stranici https://aseestant.ceon.rs/index.php/bioistr

Napomena. Rad koji ne ispunjava uslove ovog uputstva ne moze biti upucen na recenziju i
bice vracen autorima da ga dopune i isprave. Pridrzavanjem uputstva za pripremu rada znat-
no Ce se skratiti vrijeme cjelokupnog procesa do objavljivanja rada u ¢asopisu, Sto ¢e pozitivno
uticati na kvalitet clanaka i redovnost izlaZenja casopisa.

Za sve dodatne informacije, molimo da se obratite na adresu i broj telefona:
Univerzitet u Istocnom Sarajevu

Medicinski fakultet, Foca

UL Studentska 5, 73300 Foca

e-mail: biomedicinskaistrazivanja@yahoo.com

tel: 058/210-420; fax: 058/210-007

Uredivackom odboru casopisa ..Biomedicinska istrazivanja”




INSTRUCTIONS FOR AUTHORS

”Biomedicinska istrazivanja” is a journal of the Faculty of Medicine Foca, University of East
Sarajevo, with an open access and blind peer review, which is published twice a year, in June
and December.

The journal ”Biomedicinska istraZivanja” publishes original scientific papers, previous or
short announcements, review and professional papers, papers for practice, educational arti-
cles, comments on published articles, case reports, literature reviews, papers on the history of
medicine, book reviews, reports from scientific and professional gatherings, news and letters
from all fields of medicine, dentistry, special education and rehabilitation and nursing.

Open access to the journal “Biomedicinska istrazivanja’”” allows free and unlimited online
access to all articles after their online publication. Users may download, read, copy and print
the complete texts of all papers free of charge or use them for any other purpose permitted by
law, without the prior approval of the publisher or author.

There is no fee for submitting an article, for processing an article, for reviewing, or a fee for
accessing published articles.

Conditions. The journal “Biomedicinska istrazivanja’” publishes only papers that have not
been previously published in whole or partially, except in abstract form, and which have not
been submitted for publication to another journal at the same time.

General guidelines

The text of the article should be written clearly and concisely, avoiding unnecessary extensive-
ness in Serbian Latin or English with a short content, obligatory in both Serbian and English.
Due to better availability and greater citation, authors are recommended to submit papers of
all forms in English. Original papers, previous or short announcements, patient or case re-
ports, review papers and current topics are published exclusively in English, and other types
of papers can be published in Serbian only by the decision of the Editorial Board. Abbrevia-
tions should be used exceptionally, and only for very long names of chemical substances or
for names that are known as abbreviations (i.e. AIDS, DNA, etc.). The names of symptoms
and signs, as well as the names of diseases, anatomical or histological features, cannot be
shortened. Use metric units in accordance with the International System of Units, and generic
names for medicines, while devices should be marked by their trade names, with the name
and location of the manufacturer in brackets.

Type the text of the paper in Word, with double spacing, exclusively Times New Roman font and
font size 12. Set all margins to 25 mm, page size to A4, and type the text with left alignment and
indentation of each paragraph by 10 mm, without division of words.

Number the pages in order within the bottom margin starting from the title page. Data on the
used literature in the text are indicated by Arabic numerals in square brackets - e.g. [3, 4] in the
order in which they appear in the text.

Use standard graphic programmes for Windows, Microsoft Office (Excel) to design graphic
attachments. Avoid colouring and shading of the background in computer design of graphs.

Along with the manuscript of the article, it is necessary to enclose a statement with the signatures
of all authors that the article has not been published before, nor is it currently being considered
for publication in another journal - publication. All submitted papers are sent for anonymous
review by two reviewers, experts in the relevant field. The papers are not honored or returned.
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in the form of sponsorships, scholarships, gifts, equipment, medicines and other should also
be mentioned. Paid services are not provided, e.g. professional translations into English.

Cover letter must contain the date of submission, the title of the manuscript, and information
about the previous publication or previous rejection by another journal. If the manuscript was
previously rejected by another journal, the authors should describe how it has been improved
since the moment of rejection. It is also necessary to provide copies of all permits for: repro-
ducing previously published material, using illustrations and publishing information about
famous people, or naming people who contributed to the paper.

Plagiarism

From 25 September 2018, all manuscripts will be subject to plagiarism/autoplagiarism via
iThenticate, and from 2021 via SCIndeks Assistant - Cross Check (iThenticate). Special atten-
tion is paid to manuscripts suspected of being plagiarized in accordance with COPE flow-
charts (http://publicationethics.org/resources/flowcharts) and ICMJE recommendations. Pa-
pers proving plagiarism/autoplagiarism will be rejected.

The length of the manuscript

The length of the manuscript (excluding the short content and list of references) for a review
paper can be a maximum of 12 pages, for an original paper 10 pages, for professional paper
and paper on the history of medicine 8 pages, for previous announcements 4 pages, for a re-
port, book review and letter 2 pages, and for case reports (of patients) up to 6 pages.

Parts of the paper: title page, abstract with key words, text of the paper, references, attach-
ments (tables, graphs, figures).

Original and professional papers should have the following subheadings: Introduction (Aim
of the paper should be stated as the last paragraph of the Introduction), Methods, Results,
Discussion, Conclusion, References.

The review paper consists of: Introduction, Relevant subheadings, Conclusion, References.
The review paper must contain at least 5 papers by the author of the article from the narrow
field from which the paper is from.

Patient or case reports consist of: Introduction (Aim of the paper should be stated as the last
paragraph of the Introduction), Patient report, Discussion, References. For other types of pa-
pers, the abstract does not have a special structure.

Preparation of the paper

The papers should be prepared in accordance with the Vancouver agreement (V Edition, re-
view from 1997), initiated by the International Committee of Medical Journals Editors. Uni-
form Requirements for Manuscripts Submitted to Biomedical Journals: www.icmje.org —
http://www.icmje.org/urm_full.pdf

Title page
On a separate page, the title page of the manuscript, the following should be stated:

¢ A title of the paper without abbreviations;
¢ Full names and surnames of the authors without titles and indexed by numbers;



¢ Official name and place of the institutions where the authors work, in the order which
matches indexed numbers of the authors;

¢ At the bottom of the page should be name and surname of the author responsible for
correspondence, his address, telephone numbers and e-mail address;

* on this page, at the request of the author, the sources of funding should be indicated, as
well as acknowledgements.

Short summary (abstract) and keywords. In addition to the original scientific paper, an an-
nouncements, review and professional paper and a paper on the history of medicine, a short
summary of up to 250 words should be attached on a separate page. It states the objectives and
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