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Abstract

Walking and cycling provide numerous environmental, health, and societal benefits, improving
urban life quality and saving infrastructure costs. These benefits also lead to substantial
healthcare cost savings. The aim of this study was to assess the health and economic benefits
of cycling and satisfaction with the cycling environment in Skopje. Materials and methods:
This study utilized the Health Economic Assessment Tool (HEAT) to quantify the societal
economic value of reduced premature mortality due to cycling in Skopje, North Macedonia.
A survey of 1,169 participants aged 20-64 was conducted from April to November 2022, with
data analyzed using the HEAT model and statistical analysis performed using the chi-square
test (p < 0.05), with effect size measured by Crameér’s V. Results: The total benefit derived from
cycling activities of the 1,169 participants for one year was US$471,150 and US$4,955,982 for 10
years. Over ten years, continuing cycling habits would result in nearly 12 prevented premature
deaths. The most frequently used route for cycling was in urban zones. Most participants
were dissatisfied with the bike lanes in their municipalities (p < 0.001). To enhance safety,
participants suggested more bike lanes, increased authority intervention on illegal parking,
and reduced vehicle speed limits where motor and bicycle traffic intersect. Conclusion: Shifting
to active mobility can reduce negative impacts on vulnerable groups, enhancing public health,
environmental sustainability, and social well-being. Improving infrastructure and safety should
be a priority to make cycling a viable option in Skopie.
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VisBamok

[lemauerseTo 1 BO3EHETO BeNIOCKTIEN, HYIAT OPOjHU €KOMOIIKY, 37IPABCTBEHM M OTIITeCTBEHH TTPU-
JI00MBKH, T10/I00PYBAjKI IO KBAJIUTETOT Ha KMBOTOT BO YPOAHUTE CPeIMHY 1 HAMaTyBajKn M TPO-
motuTe 3a nHGpactpykTypa. OBUe NpuoOMBKY KCTO TaKa BOJAT 10 3HAYajHU 3alliTe i BO TPOLIO-
IMTe 3a 37|PaBCTBEHA 3allTUTA. L[e/Ta Ha 0Ba MCTpaKyBatbe Oellle 7l ce MPOLeHAT 31paBCTBEHNTE U
eKOHOMCKHUTE MPUI00MBKU O] BO3EHETO BENIOCUITe]] ¥ 3a[J0BOJICTBOTO Of] Be/IOCHIIe/icKaTa MH(pa-
crpykTypa Bo Ckonje. Matepujamm u Metoam: Bo oa nctpakyBatbe ce Kopucrene Health Economic
Assessment Tool (HEAT) 3a KBaHTMTATMBHO Jia ja POLIEHI eKOHOMCKATa BPEJHOCT 0] HaMasTyBarbe-
TO Ha Npe/iBpeMeHaTa CMPTHOCT Mopajin Bosembe Beocunes; Bo Ckorje, Perrydnmka CeepHa Make-
JoHnja. AHKetata Oelre cripoBefieHa Kaj 1169 wcriranuiy Ha Bospact off 20-64 ro[imHu off arpu1 1o
HoemBpu 2022 roppHa, a nogarouute dea anaamsnpanu co HEAT anaTkara, jojieka craTucTiukara
aHanm3a Oelile u3BpiIeHa co TecT Ha 2 (p < 0,05), co Mepka Ha edertoT npeky Cramér’s V. Pesyn-
TaTi: BKyNHUOT OeHedut ofi BoseweTo Benocuie] Ha 1169 yuecHuI 3a efiHa Tof[HA M3HeCyBalie
471.150 USD, a 3a 10 rogmnm 4.955.982 USD. [TpopiomKyBameTo Ha HABUKUTE 3a BO3EHETO BEJIOCHTIE]]
BO MEPHOJL Off IECET TOJIUHI Ke Pe3yaTipa co peuncy 12 cripeyey mpejiBpeMeHr CMpTHU CITyYan.
Hajuecto KopucTeHHOT TaT 3a BO3eHETO Bejocuries; betie Bo ypobaHuTte 30HM. [loBekeTo yuecHuIm
He Oea 3a/I0BOJIHM OJT BEJIOCHITe/ICKITE MaTeKn BO HUBHUTE ommiTHY (p < 0,001). 3a f1a ce 3ronemu
6e3befiHOCTa, JKUTEIUTe MPEJIoKIja TTOBeKe BeNOCUITe[ICKY MAaTeKH, 3rojieMeHa NHTepBeHIMja Ha
BJTACTUTE 3a HeJleraHo MapKupare M OrpaHiuyBarbe Ha Op3MHATA Ha MecTaTa Kafie 1ITo ce Tpece-
KyBaaT MOTOPHUOT ¥ BeJIOCUIIEJICKMOT c000paKaj. 3akyuok: OpueHTHPabeTo KOH aKTHBHATA MO-
OVJIHOCT MOJKe Jla ' HaMaJTi HeraTMBHUTe eheKTH BP3 PaHIuBUTe TPYITH, TI0/I00PYBajKY 0 jaBHOTO
3/[paBje, OJIP}KIMBOCTA Ha JKMBOTHATA CPeJIMHA U ColMjaiHaTa 6arococTojba. [lomobpyBameTo Ha
undpactpykrypara u 6e36ejiHocTa Tpeba jja Ouzie IPUOPUTET 3a JIa Ce HAIPaBK BeJIOCUTIeN3MOT
ofipiBa omija Bo CKorje.



Introduction

Skopje is the capital of North Mace-
donia and covers an area of 1,818 km?
with a population of 526,502. The
topography of the city is generally
flat having gentle slopes from 0.1 to
0.7 degrees, and its continental cli-
mate makes it highly suitable for cy-
cling. Short trips (up to 5 km) are a
significant part of the urban travel,
with cycling being the highest speed
mode of transport in such distanc-
es. Therefore, Skopje can certainly
have a large role to play in becom-
ing a cyclist-friendly city’. The total
length of the Skopje bicycle network
in 2018 was 96 km, the breakdown
of which included 15 km of sepa-
rated bicycle tracks/lanes, 45.5 km
of mixed bicycle/pedestrian tracks/
lanes, 11.8 km of combined pedestri-
an-bicycle tracks/lanes, and 20.8 km
of recreational roller and bike tracks
along the bank. By 2023, the network
expanded to 117 km, marking an in-
crease of 21 km over five years (Grad
Skopje, 2021)%2. Comparatively, Bel-
grade’ has a 65 km long network of
bicycle lanes, Zagreb 270 km?*, Lju-
bljana 300 km®> and Copenhagen® 546
km long bicycle paths. In larger cit-
ies, alternative travel modes such as
walking and cycling are more acces-
sible, while smaller cities often lack
public transport options. Although
walking and cycling may be more
time-consuming for longer distances,
they are largely unaffected by traffic
congestion, unlike driving and public
transport. Mid-sized cities generally
offer better infrastructure for walk-
ing and cycling, which is reflected in
higher satisfaction among residents.
The findings stress the importance of
community planning focused on en-
suring safety and comfort for walk-
ing and cycling, particularly in areas

2

with limited public transport’. Invest-
ing in cycling networks can increase
cycling rates and has a positive im-
pact on public health by raising phys-
ical activity. Despite the fact that it is
more expensive to build new cycling
paths than to run advertising cam-
paigns, it substantially enhances the
safety and attractiveness leading to
cycling being an attractive and prac-
tical alternative®. Health benefits in-
clude improvements in quality of life,
reductions in all-cause and cardio-
vascular mortality, and decreased in-
cidence of anxiety, depression, hyper-
tension, hip fractures, and metabolic
disorders, such as type 2 diabetes and
dementia. In addition to health and
environmental benefits, active trans-
port also provides important societal
benefits. It is a cheap, space-saving
solution for short distances that can
alleviate gridlock and improve the ro-
bustness of transport infrastructure.
Active transport improves urban life
quality and results in infrastructure
savings®. These health benefits also
translate into substantial cost sav-
ings for healthcare systems. The first
attempt to provide estimates for the
health and economic advantages of
cycling in the Republic of North Mace-
donia was performed in 2011'° and for
walking in 2021". Economic assess-
ments have become a standard prac-
tice in transport planning and public
health evaluations. The mean annu-
al benefit for North Macedonia was
€45,000 with a sample of 24 people
for the mean trip length of 8.64 km
back in 2011". Eleven years later, we
conducted a follow-up study to assess
the health and economic benefits of
cycling in Skopje, expanding the anal-
ysis to a larger population sample.
Additionally, we examined the influ-
ence of various cycling environment



factors on cycling behavior. The aim
of this study was to assess the health
and economic benefits of cycling and
satisfaction from the cycling environ-
ment in Skopje.

Materials and methods

The Health Economic Assessment
Tool (HEAT) is a quantitative tool that
has been developed by the London
School of Hygiene and Tropical Medi-
cine. It is based on the principles of
HEAT for cycling, first published in
2007 and upgraded in 2023. The tool
aims to incorporate societal econom-
ic value of reduced premature mor-
tality due to cycling and walking into
economic appraisals of transport and
urban planning interventions. The
HEAT model applies a comparative
risk assessment approach to calcu-
late the health effects of regular cy-
cling and/or walking in different ex-
posure levels and their variation in
specific population over a defined pe-
riod at national and local level. It also
calculates the number of premature
deaths in those specific populations
over a period by multiplying the mor-
tality rate by the population size and
the given period. The tool offers the
following impacts to consider in the
assessment: physical activity, air pol-
lution, crash risk, and carbon emis-
sions. The study was conducted from
April to November 2022 in Skopje, Re-
public of North Macedonia. We car-
ried out a population surveyincluding
1,169 participants who completed a
35-question questionnaire; the popu-
lation was aged 20-64 years. As HEAT
requires long-term average input on
active travel and is affected by several
factors such as seasons, time of day,
or weather, the tool offers temporal
and spatial adjustments. The default

setting for the tool is 0%, and we kept
that value for the whole study. The
physical inactivity-related risks are
defined in HEAT by the use of all-
cause mortality rates dependent on
the age range and selected mode. The
default value in our study was 381,
the number of deaths over 100,000 in-
habitants within the given age range,
according to country-level data from
the WHO Global Health Observatory.
To monetize mortality impacts from
physical activity, air pollution and
crashes, HEAT uses the Value of sta-
tistical life (VSL) that is available in
US dollars based on market exchange
rates, international dollars, adjusted
for purchasing power parity and local
currency. Our estimates were done in
US dollars based on market exchange
rates; the default value of VSL for US
dollars was 420,000. HEAT provides
economic discounting or inflating for
the year in which the assessment is
done; again, we used the default dis-
count rate, which for the year 2022
was 5%. The average cycling speed is
14 km/h and provides both default
and editable values if the user likes
to specify his own. Furthermore, data
for average daily travelers, including
the count per location, per day, and
the distance travelled (in kilometers),
were inputted for the assessment.

The analysis was made by utilizing
IBM® SPSS® Modeler 16.0. The Chi-
square two-sample test was used to
determine the association between
two groups. A value of p<0.05 was
used to determine statistical signifi-
cance. Cramér’s V is an effect size
measurement for the chi-square test
of independence. It measures how
strongly two categorical fields are as-
sociated (Table 1).



Table 1. Interpretation of effect size

Effect size (ES) Interpretation
ES<0.2 The result is weak. Although the result is statistically significant, the
fields are only weakly associated.
0.2<ES<0.6 The result is moderate. The fields are moderately associated.
ES> 0.6 The result is strong. The fields are strongly associated.
Results ing to the place of residence, the larg-

A total of 1,169 participants (age
range 20-64) responded to the ques-
tionnaire, in accordance with HEAT-
Cycling criteria. The mean age was
37.8 years and the largest percent-
age (36%) of participants was in the
age-range group of 31-40 years. In to-
tal, 52.7% of participants were male,
46.8% were female, and 0.5% did not
specify the gender. 92.6% of partici-
pants declared its ethnicity as Mace-
donian, other ethnic groups were Al-
banians, Turks, Serbs, Vlachs, Roma
and Bosnians. In addition, 78.1% of
participants completed high school,
21.4 secondary and 0.5% elementary
school. 85% of participants were cat-
egorized as employed; the remaining
15% were students, freelancers, un-
employed or retired. In total, 78.5%
of participants belonged to the “mid-
dle-income household”, 13.3% to the
“high-income household” and 8.2% to
the “low-income household”. Accord-

est number of participants were from
the municipality Aerodrom (25.2%),
followed by Karposh (25%) and Centar
(18%). Other municipalities included
Kisela Voda (11%), Gazi Baba (8.2%),
and Gjorche Petrov (8%). Fewer par-
ticipants were from Butel (2%), Chair
(1.7%), Shuto Orizari (0.4%), and Saraj
(0.5%).

In Skopije, 1.8% of the population aged
15-79 (the working-age population ac-
cording to the International Labor
Organization and the State Statistical
Office, the 2021 census)?, defined as
the working-age population, and used
a bicycle as a mode of transportation,
representing 4% or 7,759 of individu-
als who used any form of transporta-
tion. On the other hand, in Macedo-
nia, 0.9% or 14,093 of the working-age
population used a bicycle, accounting
for 2.3% of those who used any form
of transportation.

Table 2. Number of residents who used a bicycle for commuting

N}l:mber dOf E(.esid(lents Percentage Percentage of the population aged 15-79,
Municipality Wwho uset E; 1cycke Ol of cyclistsby | defined as the working-age population, who
commuS:h:o\lﬁor or municipality | used abicycle to commute to work or school
Aerodrom 1,943 25 3.1
Butel 229 3 0.8
Gazi Baba 534 6.9 09
Gjorche Petrov 719 9.2 2
Karposh 1,707 22 34
Kisela Voda 940 12.1 19




Saraj 6l 0.8 0.2
Centar 962 12.5 2.7
Chair 602 77 13
Shuto Orizari 62 0.8 0.3

In the green zone, participants from
Aerodrom most often cycled, followed
by participants from Karposh. In the
urban zone, participants from Kar-
posh most often cycled, followed by
participants from Aerodrom. In the
industrial zone, participants from

Gazi Baba most often cycled, followed
by participants from Karposh. In the
suburbs, participants from Aerodrom
most often cycled, followed by partic-
ipants from Karposh. In general, the
suburbs were the least liked area for
cycling (Table 3).

Table 3. The most frequently used route for cycling for all municipalities

= g | = - E
I O R T - - O S PO P T
SE|EE|RPE|(RE|cE|=E|5E|EE|EE|9E
g | = g g | S g [< |S |® =
< (o] (o) g %
Green zone (parks, green
Spaces, quays, etc.) 207 | 8 51 55 | 115 | 7m 3 122 | 13 2
Urban zone 230 | 23 73 68 | 248 | 105 3 182 | 15 3
Industrial zone 12 0 14 5 13 10 2 1 1 0
Suburbs of Skopje 59 5 33 25 37 3 3 45 2 3

All analyses revealed a significant relationship between the identified factors.

Table 4. Statistical analysis of determinants influencing cycling factors in accordance with
the place of residence

Variables Chi-square Dfegree e p-value Cramér's V
reedom

The.most common physical obstacles when 148.389 90 0,001
cycling on a bike lane
Satisfaction with bike lanes 76.651 27 0.001
Appropriately marked and protected con-
struction works on the bike pathways 0.7 J 0.024 0.128
Affect your feeling of safety while cycling 83.049 54 0.007 0.109
R.easong if improved would motivate you to 165.343 9 0,001
ride a bike

When asked, the citizens of Skopje
if they were satisfied with the bike
lanes in the city, the majority of them
gave a negative response. There was

a difference between satisfaction
with bike lanes in Skopje in relation
to place of residence. The most sat-
isfied with the cycling paths were
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participants from Aerodrom, and the
least satisfied were those from Kar-
posh municipality. Participants from

municipality of Kisela Voda answered
there were no bike lanes in their place
of residence (Figure 1).

Figure 1. Level of satisfaction of bike lanes for all municipalities
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When asked “What was the most com-
mon physical obstacle when cycling on
a bike lane?”, most participants from
Aerodrom and Karposh answered
“Improperly parked vehicles”. High
sidewalks and curbs were the option
most participants from Shuto Orizari
chose. Participants from Butel com-

plained on improperly parked vehi-
cles as well as containers. Overall, the
most common obstacle reported by
participants was improperly parked
vehicles (up to 87%), followed by high
walks and curbs (75%), containers
(67%), bus stops or people waiting for
the bus (63%) (Figure 2).

Figure 2. Level of satisfaction of bike lanes for all municipalities
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A significant number of participants
from the municipalities in the city of
Skopje answered that construction
works on the bike paths were not ap-
propriately marked and protected.
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Contrary, participants from the mu-
nicipality of Shuto Orizari answered
that construction works on the bike

paths were appropriately marked and
protected. In percentage terms, 11.2%
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of participants from Centar gave a
positive answer for the most common
physical obstacles when cycling on a
bike lane for all municipalities, - fol-
lowed by 9.17% of participants from
Aerodrom, - 7.87% from Karposh and
5.84% from Kisela Voda.

The reasons that affected the feeling
of safety when riding a bike were var-
ious depending on participants’ place
of residence. A significantly larger
number of participants to the ques-
tion “Which of the following would af-
fect your feeling of safety while riding
a bike?” answered “More bike lanes”.
The most frequent suggestion of the
participants from the municipality of
Aerodrom was to “reduce the speed
limit of vehicles”, followed by the par-
ticipants of Karposh. “More studs on
pavements” was the most common

answer given by participants from
the municipalities of Karposh and
Centar. Participants from the munic-
ipalities of Aerodrom and Gazi Baba
suggested “Better signalization and
more traffic signs”. Answers such as
“More bike paths,” “Higher interven-
tion rate of the authorities regarding
illegally parked vehicles,” and “Reduc-
ing the speed limit of vehicles where
motor and bicycle traffic intersect”,
were common implications. Across
all municipalities, the most com-
mon suggestion given by participants
was “More bike lanes”, followed by
“Greater intervention by authorities
regarding illegally parked vehicles”,
and the third option was “Reducing
the speed limit of vehicles where motor
and bicycle traffic intersect” (Figure 4).

Figure 4. Factors that affect the feeling of safety whilst cycling
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Table 5. Factors that would motivate bike riding if improved

Factor Number of participants*

Weather 452
Air pollution 483
Traffic safety 688
Not having enough bicycle pathways 618
My collgagues or people close to me do not use hikes; therefore, I do 30
not use it

Financial reasons 40
Having more time in the morning 93
Having safe parking lots for bikes 564
If I would have not been physically active enough 23
If I receive subsidies from the workplace 145

*The participants were able to choose more than one answer to this question.

Participants also reported a num-
ber of factors that would persuade
them to cycle more often in general
if they were enhanced. The most
significant factor was reduced traf-
fic safety issues as a key motivator
identified by 688 participants. It
was succeeded by the availability of
bicycle pathways (618 participants)
and safer bike parking options (564
participants). A total of 483 and
452 participants, respectively, men-
tioned air pollution and weather as
significant considerations influenc-
ing their decision to cycle. Other in-
centives included having more time
in the morning (93 participants) and
receiving a workplace subsidy (145
participants). When considering fi-
nancial motives and influence from
coworkers or close family members,
only 40 and 30 participants, respec-
tively, considered these factors im-
portant. The least influential factor
was the desire to be more physically
active, identified by only 23 partici-
pants (Table 4).

Table 6 presents a summarized data
of the HEAT evaluation for the dis-

tance cycled and the people that cy-
cled that exact amount.

The total benefit derived from the cy-
cling activities of the 1,169 surveyed
people for one year was USS495,598,
that being adjusted with 5% discount
rate for 2022 is USS471,150. A five
percent of annual discount rate is a
value already suggested by the tool.
It can be changed if the country in
which the study is conducted has
other monetary policies. It should be
mentioned that along the discount
rate, there is an inflation rate for the
years 2024, 2025 and up. A projection
over 10 vears for the same sample
size gives a total of an economic im-
pact of USS$4,955,982. At a discount-
ed rate, this becomes USS$3,825,166.

In terms of potentially preventable
premature mortality, if those 1,169
people continue their habits of cy-
cling over the course of ten years,
there would be almost 12 prevented
premature deaths. The majority of
participants answered they cycled 15
km. If they were to continue cycling
the same distance for the upcoming



ten years, (from 2022) there would be
5 prevented premature deaths and
the total economic benefit would be
USS1,520,000. With a 5 km differ-
ence in the entered data, meaning

cycling 9 km, 168 people would par-
ticipate, and over the course of ten
years there would be 3 prevented
premature deaths, with a total eco-
nomic impact of US$938,000.

Table 6. Summary of the data analyzed by the HEAT
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1km 49 0.0035 0.035 1,460 1,400 14,600 11,300
2 km 70 0.015 0.15 6,310 6,010 63,100 48700
3km 100 0.047 0.47 19700 | 18700 197,000 152,000
4 km 113 0.077 0.77 32500 | 31,000 | 325000 251,000
5 km 71 0.041 0.41 17,400 | 16,600 174,000 134,000
6 km 42 0.017 0.17 6,970 6,640 69,700 53,800
7km 43 0.02 0.2 8,410 8,010 84,100 64,900
8 km 17 0.0031 0.031 1,320 1,250 13,200 10,200
9 km 168 0.29 29 121,000 115,000 1,210,000 935,000
10 km 36 0.016 0.16 6,710 6,390 67,100 51,800
11 km 29 0.013 0.13 5,500 5,240 55,000 42,500
12 km 31 0.017 0.17 7,030 6,700 70,300 54,300
13 km 27 0.011 0.11 4770 4,540 47,700 36,800
14 km 84 0.14 14 58500 | 55700 | 585,000 451,000
15 km 273 0.47 47 197,000 | 187,000 | 1,970,000 | 1,520,000
16 km 9 0.0018 0.018 745 710 7,450 5,750
17 km 5 0.0006 | 0.006 253 241 2,530 1,960
19 km 2 0.000048 | 0.00048 20 19 202 156
$=495,598 | £=471,150 |x=4,955982 [ -3,825,166

We also assessed health and eco-
nomic benefits from cycling in Sko-
pje and municipalities of Skopje.
According to the 2021 census, data
on transportation modes was col-
lected for individuals aged 15 to 79
(the working population)12. How-
ever, since the HEAT tool is cali-

brated for the 20-64 years, we es-
timated the population within this
age range and used these figures
for the analysis, as indicated in the
“Assessed Population” column. The
average distance between home and
workplace, school or university was
5.6 km. Based on these input data,
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HEAT estimates that cycling in Sko-
pje and its municipalities annually
avert around 2.9 premature deaths
valued at an economic benefit of ap-
proximately USS1,140,000. Further-
more, if the 4,593 individuals who

currently cycle maintain this behav-
ior, ten years of cycling would pre-
vent approximately 29 premature
deaths, with an approximate eco-
nomic impact of USS$9,250,000 over
a ten-year period.

Table 7. HEAT estimation for the municipalities in Skopje in accordance with the data of the
State Statistical Office
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Skopije 5.6km 4593 29 29 1,200,000 1,140,000 12,000,000 9,250.000
Aerodrom | 5.6km 1150 071 71 300,000 286,000 3,000,000 2,320,000
Butel 5.6km 135 0.084 0.84 35,200 33,500 352,000 272,000
Gazi Baba | 5.6km 316 0.2 2 82,400 78,500 824,000 636,00
GP}"rChe 56km | 434 | 027 27 113,000 108,800 1,130,000 874,000
etrov
Karposh 5.6km 1010 0.63 6.3 263,000 251,000 2,630,000 2,030,000
I%gg? 56km | 596 | 037 37 155,000 148,000 1,550,000 1,200,000
Saraj 5.6km 35 0.022 0.22 9,130 8,690 91,300 70,500
Centar 5.6km 556 0.35 35 145.000 138.000 1,450,000 1,120,000
Chair 5.6km 354 0.22 2.2 92,300 87,900 923,000 713,000
gh_uto' 5.6km 35 0.022 2.2 9,130 8,690 91,300 70,500
r1zari
Further, a hypothetical scenario deaths, and, hence, an estimated eco-

about cycling behavior in North Mace-
donia was performed. Due to the lack
of country-specific data on distances
cycled, we used the 5.6 km distance
from Skopje as a proxy. If the 8,484
individuals (the population among
20-64 years of the working-age popu-
lation which used a bicycle) continue
their cycling habit for a period of ten
years, the prevented mortality would
be approximately 53 premature
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nomic benefit of US$17,100,000.

Discussion

This cross-sectional study gave valu-
able findings on the health, econom-
ic, and environmental factors that
influence cycling behavior and satis-
faction with cycling infrastructure in
the city. The mean age of participants
was 37.8 years, indicating that cycling



as a mode of transport is most popu-
lar among adults in mid-career years.

Safety concerns remain a key bar-
rier to cycling in Skopje. A desire for
more bike lanes was the most-men-
tioned factor to influence feelings of
safety among cyclists and was stated
consistently across municipalities.
Strong association between place
of residence and factors influenc-
ing safety perceptions signal region-
al disparities in cycling conditions
and infrastructure. The participants
from both Aerodrom and Karposh
also identified reduction of the speed
limit for vehicles and improvement
of traffic regulation as important,
again suggesting that safety is a key
determinant of cycling. The results
thus indicate that practical barri-
ers to cycling, such as reduction of
traffic safety problems, availability
of bike pathways, and safer possibili-
ties for parking bikes, are important
facilitators of more cycling. Interest-
ingly, the relatively low percentage of
participants who identified increased
physical activity as a motivator may
suggest that for most, cycling is more
a need or a way of getting around
than it is a means to improve health.
This is to say that the promotion of
cycling will have to be effectively ad-
dressed through environmental and
infrastructural measures.

The total economic value adjusted
for 2022 for one year was USS$471,150,
and the total economic value adjust-
ed for 10-year as (from 2022) calculat-
ed by HEAT was USS$3,825,166. These
findings underscore the potential of

cycling as a public health strategy, re-
inforcing the role of regular physical
activity in reducing health risks. The
use of the HEAT tool allowed for a
valuable estimation of the economic
impact of these health benefits, em-
phasizing the cost-effectiveness of
cycling interventions.

‘In the fight against rising overweight
and obesity levels, and unhealthy ur-
ban environments, the renaissance of
active mobility (cycling and walking
as a transport mode) is encouraging’
. According to a study conducted in
2011 on the traffic system in Skopje,
cycling is a decreasing mode of trans-
port. In the year of 1981, 4.2% of the
total number of trips were assigned to
cycling, in 2000 this percentage went
much lower (1.9% of the total num-
ber of trips), and in 2010 only 1.4% of
trips were attained by bike. Munici-
palities of Shuto Orizari and Saraj do
not have bike lanes or paths at all, so
they lack bike infrastructure for safe
cycling. In addition, these munici-
palities have a higher percentage of
population aged 5-19, which are de-
prived of safe conditions for cycling.
The municipality of Chair, being the
most densely populated in Skopje, has
only 758 km long bicycle lane. Mu-
nicipalities of Centar, Karposh and
Aerodrom, which are municipalities
with lowest unemployment rate and
highest percentage of high education
among the citizens, have the longest
bicycle network.

We could not find any data on the av-
erage cycling distance on a national
level for Macedonia. However, in our
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study, the average cycling distance
was 8.9 km. The average cycling dis-
tance in the Netherlands in the year
of 2008 was 4.3 km; this number in-
creased to 6 km® just two years lat-
er, compared to Finland where the
average cycling distance was 14 km
in 2010%. In Austria, over 40% of car
trips are shorter than 10 km, and in
Switzerland, more than 60% of com-
muter distances are under 10 km. In
England, more than 50% of trips are
2-3 km°. Considering the question
“Unrelated to the reason, how long
is your average passed route/tour?”
and that a sizeable number of par-
ticipants reported using the bike as a
mean of recreation, it is understand-
able that the average cycled distance
was slightly higher.

In an Australian study, the most
highly reported barriers to riding a
bike for transport included not want-
ing to ride on the road with motor ve-
hicle traffic (56%), concern about col-
lision with a motor vehicle (54%), and
motorist aggression (53%)”. Another
Australian study confirmed that lead-
ing barriers to riding a bike was re-
lated to riding on the road alongside
motor vehicles!®. According to Fowler
et al.”®, the two main obstacles to cy-
cling in urban settings are reduced
traffic safety concerns and the pres-
ence of designated bike lanes. Traf-
fic safety therefore plays a key role
in the promotion of active mobility.
Perceived lack of safety can have un-
intended consequences by discourag-
ing physical activity entirely?’. Safety
as expected is an important issue for
most bike riders and non-bike rid-
ers. In our study, out of 1,169 people,
46.3% answered they would feel safer
if there were more bike lanes, while
in the study by Engber et al.?! out of
799, 16% answered that more or bet-
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ter cycle paths would make them feel
safer.

According to Gossling et al., the most
important thing for the cyclists is the
clear separation of bicyclists from
other forms of traffic. Mixed traffic,
particularly when cyclists and motor-
ists share lanes, is generally felt to be
the least safe. A main road scenario
without a cycle path was rated as
“safe” or “rather safe” by just 11%?2 of
cyclists. Cycling tracks are perceived
as safer than cycling lanes, which in
turn are preferred over cycling on the
street. Physical separations from the
car lane, a greater lane width, and a
coloured surface contribute most to a
high subjective safety of cycling lanes.
On narrower cycling lanes, people ex-
perience extensive buffer designs as
rather constraining and as impairing
their safety. Combining several safety
features (i.e. a sufficient demarca-
tion of the left buffer and a coloured
surface) is not necessarily beneficial
for subjective safety. Our findings are
mostly in line with findings on the
factors benefitting or impairing ob-
jective safety?.

In our study, among 1,169 partici-
pants, there was only 1 prevented
premature death over the course of
one year and 11 premature deaths
prevented over the course of a de-
cade. Cycling increases life expectan-
cy by 0.025 years per year of regular
cycling, which corresponds to only
3 hours of cycling per week, or 2,592
km cycled per year?. A study con-
ducted in Australia reported a health
economic benefit of $1,12 Australian
Dollars? per kilometer of cycling, due
to both the mortality and morbidity
decrease resulting from a more ac-
tive lifestyle. The estimated global
cost of physical inactivity to the pub-



lic health care systems for the period
2020-2030 is approximately USS300
billion (or USS27 billion annually) if
physical inactivity is not reduced?®. A
scenario-based study done in 17 coun-
ties across 5 continents suggests that
if only 8% of the world car trips are re-
placed with bike trips, 18,589 annual
premature deaths could be prevented
by 2050 in the same population?.

Authorities frequently cite insuf-
ficient resources as a rationale for
underinvesting in active mobil-
ity infrastructure. However, numer-
ous scientific studies suggest that
investments in active mobility not
only offer substantial health ben-
efits but also yield significant eco-
nomic returns. HEAT estimated that
the New York City Bike share sys-
tem could prevent an additional 2
to 3 premature deaths and increase
its annual economic benefit from
USS$18,800,000 to USS28,300,000 due
to increased use of bikes?®. Deenihan
et al.*® made a HEAT assessment for
Dublin, Ireland, and estimated that
over a decade, the economic benefits
of cycling the financial benefits infra-
structure were in the range between
€26,695,000 and €141,222,000 with a
5% discount rate, averaging between
€2,669,000 and €14,122,000 annually
with its maximised benefits above
the seventh year. In comparison, our
study estimated financial health ben-
efits of USS3,439,168 (converted from
USS3,825,166) over a decade. The pub-
lic funding of the bicycle infrastruc-
ture is often deficient, which is why,
Denmark made a comparative analy-
sis of the car versus bike costs. It has
shown that a kilometer of cycling
costs €0.08 when all factors are taken
into account, whereas a kilometer of
driving a car costs €0.50. If taking into
account social expenses only, every

kilometer traveled by bicycle contrib-
utes to society €0.16, but every Kilo-
meter traveled by automobile incurs
expenditures €0.15%. Skyannis et al.
in 2019 HEAT’s assessment revealed
that for 5,000 cyclists riding 1,830
meters per day, 5 days a week, over 10
years, the economic benefit would be
€7,800,000%. In our study, only 5.9%
of participants reported cycling 2 km,
and almost all of them cycled 5 times
a week. The total economic benefit
for these people was around USS6
000 for 1 year, and in a 10-year pro-
jection, that number would amount
to approximately US$48,000.

Nowadays, 0.83 million (0.43-1.47)
deaths are attributable to low physi-
cal activity®. It was estimated that
in 2021, due to low physical activity,
386 deaths occurred’?’. Gharibzadeh
et al. conducted a study in Tehran,
the capital city of Iran, using HEAT of
both walking and cycling modes, and
found that switching from non-cy-
cling to cycling for commuting could
reduce mortality rates by 18%. If the
cycling modal share increases from
1.72% to 2.5%, 5%, or 10%, it could save
between 3.39 and 17.93 lives annually
and generate economic benefits of
€26.7 million to €141.2 million over
ten years, with an initial investment
of €12 million®, resulting in highly
favorable benefit-cost ratios ranging
from 2.22:1 to 11.77:1.

This study has some limitations.
Firstly, the reliance on Skopje-specif-
ic data to estimate the national im-
pact of cycling introduces potential
inaccuracies, as cycling behavior may
vary in different regions of North
Macedonia. Additionally, assump-
tions about the average cycling dis-
tance and the 5% discount rate may
not fully reflect the local economic
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conditions, warranting further sen-
sitivity analysis. Furthermore, due to
the limitation of the HEAT for the age
range 20-64 years, we were unable to
calculate the cycling benefits for the
entire population that reported cy-
cling at present.

Conclusion

Physical activity benefits are the
dominant effects from cycling from a
public health perspective. It is from
monumental importance that the
government, non-profitable organi-
zations, international funds etc. in-
vest in, firstly, quality bike lanes and
paths which would be safe enough
not only for the cyclists, but also for
the pedestrians and motor vehicles,
and secondly, policies implemented
to promote cycling. Shifting to active
mobility can reduce negative impacts
on vulnerable groups while enhanc-
ing public health, environmental
sustainability, and social well-being.
Improvements in infrastructure and
safety should be paramount in order
to make cycling an attractive and vi-
able option in Skopje. It is important
to invest in bike lanes, reduce traffic
speed in high-traffic areas, and pro-
vide a safe place for bicycle parking to
improve safety and increase cycling.
Further to this, local authorities
should extend cycling subsidies, mak-
ing such finance-available schemes
accessible to all citizens, particularly
to those from disadvantaged groups.
Additionally, it is required to enforce
traffic rules that protect the cyclists,
to increase public awareness of cy-
cling issues, and to discuss environ-
mental challenges regarding air qual-
ity and weather conditions. Finally,
the development of cycling-friendly
urban spaces, like green pathways
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and recreational zones will be impor-
tant in promoting a culture of cycling
in the city.
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Abstract

Globally, vulnerable road users - cyclists, pedestrians and motorcyclists - account for more than
half of all road traffic injuries. The aim of this paper was to identify the relationship between
sociodemographic characteristics, education level, mobile phone and headphone usage, and
wearing protective equipment during cycling and involvement in traffic accidents. Materials and
methods: A cross-sectional study was conducted via online questionnaire in Skopje, Republic of
North Macedonia in 2022. The questionnaire consisted of 35 questions; grouped in four different
topics. Data were analyzed with SPSS 16.0. Results: More than half of the participants (59%) did
not wear protective equipment during cycling, and 17.7% wore protective equipment always. Mobile
phones during cycling were used by 32.5% of participants, regularly or sometimes, and using
headphones during cycling was reported by 41%. Usage of protective equipment is highly correlated
with a reduced risk of involvement in a traffic accident. Cycling with the use of mobile phones is
strongly associated with an increased risk of accidents. The largest percentage of participants who
had experienced a traffic accident, did not wear protective equipment. On the other hand, 70%
of participants who had not been involved in a traffic accident did not use a mobile phone while
cycling. Conclusion: The findings of this study should be implemented in future policies for better
public health and traffic safety, emphasizing the use of protective equipment and reducing mobile
phone-related distraction. Addressing these aspects can help policymakers improve cyclist safety,
reduce traffic accidents, and improve overall road safety.
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VizBamok

Ha rno6anHo HUBO, ByJHEpaOMIHNTE yUeCHULIM BO COOOPAKAjOT - BeIOCUIIEUCTH, MEaly 1 MO-
TOLMKITACTH - COYMHYBAAT TIOBeKe 0f] MOJOBKHA O] TIOBPEJIUTe HA YUeCHUIMTE BO coobpaKajHuTe
natHu HecpeKu. llena Ha 0Boj Tpy7 Oellle la ce ueHTU(hUKYBA OJHOCOT TIOMETY collrofieMorpad-
CKUTe KapaKTepUCTUKH, HUBOTO HA 00pa30BaHue, KOPUCTEHeTO MOOWIHN TenedoHN 1 CITyIIATKY,
KAKO 1 HOCEHETO 3allTUTHA OMPeMa 3a Bpeme Ha BO3eke BeJIOCUrIe] i yUeCTBOTO BO CO0OpaKajHu
Hesroau. Marepujanu 1 MeTozu: bele cripoBefieHa CTy/ujaTa Ha Ipecek IpeKy OHlajH Mpatia-
Huk Bo 2022 roguna Bo Ckomje, Pertybnmka CeBepHa Makeonuja. [IpamaniHukor ce cocroele o
35 mpaiiarma, TPyNupaHi Bo YeTHpK pasiuuni Temu. [lofiatormure Oea aHamusupany co SPSS 16.0.
Pesynratit: [loBeke ojf mosioBuHa of yuecHuiure (59%) He Hocesie 3alITUTHA OMpeMa 3a Bpeme Ha
BO3eme BeJlocurie]], lofieka 177% cekoraln Hocesle 3alITUTHA onpeMa. 32,5% KopucTesie MOOMITHY
TenehoHN 3a BpeMe Ha Bo3ete BeNOCHUIIe]l, peJIoBHO WX TIOHeKorall, fofieka 41% kopuctese ciy-
LWAJIKK T1PU BO3ehe Belocures. Kopucrerero 3aliTHTHA OfpeMa e CHJIHO TIOBP3aHO CO HamaleHa
MHBOJIBUPAHOCT BO COOOpAKajHU HE3TOJH, 0JIeKAa KOPUCTEHETO MOOUIHY Telie)OHU BO TeK Ha
BO3EHETO BEJIOCUIIe]] € CHIIHO MOBP3aHO CO 3rojieMeH puskK o[ Hesropu. Hajronem mpoueHT of
yUYecHULIMTEe Kou nMasie coobpakajHa Hesrozia He HoceJie 3allITUTHA ONpeMa, fofieKa, mak, 70% of
VUeCHHUIUTE Ko HeMasle coobpaKajHa Hes3rogia, He KopuicTere TeflethoH. 3aKyduok: Pesynrarure off
0Ba UCTpaXKyBame Tpeba [a ce MMIIeMeHTHPAAT BO UIHU MOMUTHKM 32 MOfI00po jaBHO 37paBje U
coobpakajia 6e30e/1HOCT, CO aKI|eHT Ha KOPUCTEIeTO 3alITUTHA OMPeMa 1 OJIBNIeKYBabe Ha BHUMA-
HUETO €O KOopucTetbe MoOWIHY TefiehoHN fIofieKa ce Bo3u Besocuries,. ObpaKameTo BHUMAHMe Ha
OBMe acTIEKTH MOJKe J]a IM TIOMOTHe Ha HOCUTeJTUTe Ha MOJMTUKMY Jia ja ofiobpat be3beiHocTa npu
BO3eme BeoCuIle]l, la ro Hamanat OpojoT Ha coobpaKajHy He3rofv U [a MPUIOHECAT KOH OfIIITO
nojio0pyBame Ha 6e30eIHOCTa Ha MATHIITATA.



Introduction

Globally, vulnerable road users -
cyclists, pedestrians and motor-
cyclists - account for more than
half of all road traffic injuries
The World Health Organization,
in its agenda on sustainable devel-
opment 2030, has set a goal to re-
duce the number of traffic-related
accidents by 50%2 Reduction in
road traffic fatalities and injuries
did not align with the Sustainable
Development Goals (SDG) target in
United Nations Economic Commis-
sion for Europe (UNECE) region3. Of
the total amount of road traffic fa-
talities, there were approximately
1.19 million in 2021. Road traffic
injury continues to be the leading
cause of fatality amongst children
and yvoung adults (5-29 years) and
the 12th for all ages in 20194 Cy-
cling is highly promoted for having
considerable advantages to public
health, personal welfare, and the
environment®. Yet, compared to
motor vehicles, cyclists are spe-
cifically vulnerable for not having
any protective covering. One of the
major barriers to boosting cycling,
especially for novice or anxious cy-
clists, is road safety®. On the other
side, transportation is also causing
an increase in road accidents, early
deaths, and physical and psycho-
logical injuries. This trend increas-
es health care costs and puts addi-
tional pressure on public finances.
Because of this, scientists, togeth-
er with police and accident recon-
struction experts, are researching
possible causes of cyclist-related
crashes’. A contributing factor to
this increasing traffic injury and
death rate among pedestrians and
bicyclists may be increasing distrac-
tions due to mobile phone use. The

world population was estimated
at 7.9 billion in 2022. From 6.9 bil-
lion mobile phone subscriptions in
2014, the number increased to 8.9
billion subscriptions in 2023. More
recently, smartphone subscription
numbers have overwhelmingly ex-
ceeded the numbers of people on
earth®.

Over half of the cyclists (56%) aged
12 to 80 used their phones occa-
sionally while cycling®. As mobility
in traffic is increasingly associated
with use of mobile phones, MP3
players, and similar portable de-
vices, serious road safety issues are
raised. These devices are capable
of diverting the drivers in several
ways (physically, visually cognitive-
ly, auditorily). Furthermore, emo-
tionally driven driving behavior
induced by the use of such devices
can negatively influence driving
performance affecting emotional
states and mood'. Consequently,
a distracted cyclist using a phone
is at a higher risk of collision, and
the resulting accidents can have
severe consequences'l. Bicycle hel-
mets cannot prevent accidents, but
they can reduce head injuries'.
Measures can be directed at the in-
dividual cyclist or the cycling en-
vironment, and can be focused on
pre-event prevention or post-event
mitigation®. Driving speed is a key
to the problem of road traffic in-
juries in North Macedonia.Lower
speed limits are appropriate to en-
sure safety and can better handle
high levels of cycling traffic®®. The
largest subgroup of patients who
suffered a traumatic brain injury
(TBI) were drivers, while smaller
subgroups were bicyclists (11%),
and this proportion in North Mace-
donia is 10%'%. In North Macedo-
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nia, children and young people un-
der 24 years old account for 43.6%
of all traffic injuries and 26.5% of
traffic fatalities, and traffic acci-
dents cause 30-50% of fatal injuries
in those aged 5 to 2414." Analysis
of bicycle accidents provides for
an in-depth investigation of the
causes and contributing circum-
stances of collisions, taking into
consideration the drivers, cyclists,
vehicles, roadways, and environ-
mental conditions. The conclusions
from these investigations assist in
providing recommendations for
improvements in transportation
infrastructure and vehicle safety
features”. The aim of this paper
was to identify the relationship
between sociodemographic char-
acteristics, education level, mobile
phone and headphone usage, and
wearing protective equipment dur-
ing cycling and involvement in traf-
fic accidents.

Materials and methods

A cross-sectional study was per-
formed from April to November
2022 in Skopje, Republic of North
Macedonia. We prepared and dis-
tributed an online questionnaire
to various social media platforms,
in order to reach specific target
groups (cycling enthusiasts, people
that do sports via riding a bike). At
the outset of the questionnaire,
participants were informed about
the study’s objectives and made
aware that by completing the ques-
tionnaire, they were consenting to
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take part in the survey. The study
was conducted entirely anonymous-
ly. Participants were thoroughly
briefed on the purpose of the study
and provided their voluntary con-
sent to participate. The question-
naire consisted of 35 questions,
grouped into four different topics:
sociodemographic characteristics,
cycling habits, safety and behaviors
while cycling, and infrastructure.
Data were analyzed with SPSS 16.0.
Chi-square test was used to deter-
mine the association between two
nominal variables. Statistical sig-
nificance was defined as p<0.05.

Results
Demographic characteristics

The questionnaire was completed
by 1169 participants with age range
from 20 to 64 years; the mean age
was 37.8 years. In terms of gender,
52.7% of participants were male,
46.8% were female, and 0.5% did not
report their gender. Regarding edu-
cation level, the majority of partici-
pants claimed to have completed a
high school as the highest level of
education (78.1%), followed by those
with secondary school (21.4%), and
elementary school (0.5%). Accord-
ing to the place of residence, the
largest number of participants
were from the municipalities Aero-
drom (25.2%), Karposh (25%) and
Centar (18%). Other municipalities
included Kisela Voda (11%), Gazi
Baba (8.2%), and Gjorche Petrov
(8%). Fewer participants were from
Butel (2%), Chair (1.7%), Shuto Oriz-



Table 1: Characteristics and behavior of study population

Prefer Prefer
notto notto
Male(N) Male(y) Temale Female .pe tellthe 1ol Totl
(N) (%) d d (N) (%)
gender gender
(N) (%)
Elementary school 4 0.3 / / 2 0.17 6 0.50
Secondary school 175 15 74 6.33 1 0.08 250 21.5
High school 437 374 473 404 3 0.2 913 78
Involvement in traffic accident
Yes 126 10.7 79 6.8 2 0.17 207 177
No 491 42 467 40 4 0.34 962 82.2
Wearing protective equipment during bicycling
Yes, all the time 134 11.5 64 5.5 2 0.17 200 17.2
Only when I ride
out of the hicycle 165 14.1 89 76 / / 254 21.7
path
Only whenlridein 12 1 12 / 8 24
the city
No, I don’t 304 26 379 324 4 0.34 687 58.7
Phone usage while cycling
Yes 33 2.8 19 1.6 2 0.17 54 4.6
Sometimes 220 18.8 106 9.06 / / 326 279
No 364 311 421 36.1 4 0.34 785 675
Headphones usage while cycling

Yes 103 8.8 101 8.6 3 0.2 207 177
Sometimes 166 14.2 104 8.9 / / 270 23.1
No 348 29.8 341 29.2 3 0.2 692 59.2

ari (0.4%), and Saraj (0.5%).

A total of 207 participants or 17.7%
claimed having experienced traffic
accidents. Among them, 125 were
male, 80 were female and two did
not want to specify the gender. Most
of the participants involved in traf-
fic accidents were males (60.9 %).

Protective equipment use

The majority of participants (58.7%)

reported not wearing protective
equipment while cycling, 17.2% of
them always wore protective equip-
ment, and 21.7% of them wore pro-
tective equipment only when riding
bicycles outside of the bicycle path.
Fewer participants (2.4%) reported
using protective equipment only
when cycling within the city.

Regarding wearing protective
equipment while cycling, e.g., hel-
mets, , 134 (11.4%) male participants
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reported always using protective
equipment, whereas 483 (41.3%)
reported not using it or using it
occasionally. Among female par-
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of the bicycle path
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ticipants, 64 (5.5%) reported always
using protective equipment, where-
as 482 (41.2%) reported never using
it or using it sometimes.

557
129
—
No, I don't

the city

m High school

Figure 1: Wearing protective equipment while cycling and education level

61% of cyclists with high school
reported never using protective
equipment, while 51.6% of cyclists
with a secondary school did not use
protective equipment. 20% of cy-
clists with secondary school report-
ed using protective equipment all-
ways, whereas only 16.1% of cyclists
with high school education report-
ed always using protective equip-
ment. The Chi-square test was con-
ducted to examine the association
between education level and the
use of protective equipment. The
analysis revealed a significant re-
lationship between these two vari-
ables, with a Chi-square value of
13.514, df = 6, and a p-value = 0.036.
This indicates a notable association
between the level of education and
the likelihood of wearing protec-

tive equipment. With the increase
in education, the wearing of protec-
tive equipment has decreased. Out
of the total number of participants,
the highest percentage of partici-
pants with high school (47.6%) re-
sponded ‘No, I Don’t’, while 11% of
respondents with secondary school
responded ‘No, I don’t’ (Figure 1).
Specifically, Cramer’s V statis-
tic was 0.076, and the p-value was
0.036, reinforcing the significance
of this relationship.
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Figure 2: Wearing protective equipment while cycling and having traffic accident

The Chi-square test was conducted
to examine the relationship between
wearing protective equipment and
involvement in a traffic accident. The
analysis revealed a significant associ-
ation between these variables: y2(3) =
9.328, df=3, p = 0.025. Cramer’s V val-
ue of 0.089, with a p-value of 0.025,
further supported the association be-
tween wearing protective equipment
and having a traffic accident. Of the
total number of participants who had
a traffic accident, the largest percent-
age did not wear protective equip-
ment (53.1%) (Figure 2).
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Phone usage while cycling

The results showed that 34% of par-
ticipants reported using their phones
while cycling, while 67.5% indicated
that they did not use their phones
during cycling. Among male par-
ticipants, 253 (21.6%) reported using
their phones while cycling (either all
the time or sometimes), while 364
males (31.1%) reported not using their
phones at all. Among female partici-
pants, 125 (10.7%) and 421 (36.1%) did/
did not use mobile phone when cy-
cling, respectively.
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Figure 3: Phone use during cycling and traffic accidents
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The Chi-square test was conducted
to assess the relationship between
phone use while cycling and involve-
ment in traffic accidents. The analy-
sis showed a highly significant as-
sociation between these variables,
with ¥2(2) = 15.420, df=2, p < 0.001.
This indicates a notable difference in
the likelihood of having a traffic ac-
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cident based on phone use while rid-
ing a bike. Cramer’s V of 0.115 and a
p-value of less than 0.001 confirmed
a mild association between phone
use and traffic accidents. Of the total
number of participants who did not
have a traffic accident, 69.8% did not
use a phone (Figure 3).

631
57
No

m Highschool

Figure 4: Phone use during cycling and education level

The Chi-square test was used to as-
sess the relationship between edu-
cation level and the use of a mobile
phone while cycling. The analysis
revealed a highly significant associa-
tion between these variables, with a
Chi-square: 56.440, df = 4, and p <
0.001. This indicates a significant dif-
ference in phone usage based on edu-
cation level, with Cramer’s V statistic
at 0.155 and a p-value less than 0.001.
The results show that the highest
proportion of participants with pri-
mary education tend to use a phone
while cycling. In contrast, individuals
with higher education are less likely
to carry a phone while riding a bi-
cycle. 32.5% of participants use their
mobile phone always or sometimes
while riding a bike (Figure 4).

Headphones while cycling

The survey revealed that 40.8% of par-
ticipants used headphones while cy-
cling, while a majority (59.2%) among
those who did not use headphones
had not experienced a traffic acci-
dent (Figure 5). A total of 269 (23%)
male participants reported always or
sometimes wearing headphones dur-
ing cycling, and 348 (29.8%) did not
use headphones during cycling. A to-
tal of 205 (17.5%) female participants
used headphones, and 341 (29.2%) did
not use headphones.



ARCHIVES OF PUBLIC HEALTH

700
600
500
400
300

200

167
0 [ |
yes

- =
[

Sometimes

578

217

114

No

m Have you had an accident while riding a bike? Yes

M Have you had an accident while riding a bike? No

Figure 5: Wearing headphones while cycling and traffic accidents

The Chi-square test was conducted
to evaluate the relationship between
wearing headphones while riding a
bike and experiencing a traffic acci-
dent. The results showed non-signifi-

cant association y2(2) = 1.778; df=2, p =
0.411, indicating no significant differ-
ence in accident rates based on head-
phone use.
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Figure 6: Wearing headphones while cycling and education level

The Chi-square test was conducted to
investigate the relationship between ed-
ucation level and the use of headphones
while cycling. The analysis revealed a
significant association between these
variables, with a Chi-square: 20.651, df =
6, p = 0.002. This indicates a notable dif-
ference in the use of headphones based
on education level, with Cramer’s V sta-
tistic of 0.094 and a p-value of 0.002. The

findings showed that participants with
only primary school education were
more likely to wear headphones while
riding a bicycle, whereas those with a
high school degree generally did not use
headphones while cycling. 30.3% of par-
ticipants with high school education
used their headphones always or some-
times while riding a bike (Figure 6).
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Construction works on bike paths

We found no significant association
between construction works on bike
paths, which were not appropriately
marked and protected and traffic
accidents. However, 89.1% of par-
ticipants reported that bike paths
were not appropriately marked and
protected (Figure 7). The Chi-square
Test was performed to assess the re-
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lationship between properly marked
and protected construction works
(excavations) on bike paths and the
occurrence of traffic accidents. The
analysis revealed a ¥%(1) = 0.738, with a
p-value of 0.390, indicating no signifi-
cant difference in accident rates re-
lated to the presence of well-marked
and protected construction sites.
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Figure 7: Construction works (excavations) on the bike path and traffic accidents

There was no significant association
between properly marked and pro-
tected construction works (excava-
tions) on bike paths and the likelihood
of traffic accidents. Participants who
did not experience a traffic accident
generally reported that construction
works on bike paths were not ade-
quately marked and protected. Con-
versely, those who had experienced

a traffic accident were more likely to
report that these construction sites
were not properly marked and pro-
tected.

Speed limitation

With regard to the question ‘Do you
agree with speed limiting on boule-
vards to be 50 km/h and streets 30
km/h?’, 83% said ‘Yes’ and 17% ‘No’.

Table 2: Relationship between education level and support for speed limits on boulevards

Yes
Elementary school 4
Secondary school 197
High school 767

No

2 Pearson Chi-square = 6.591
53 df =3
6 p=0.086




The Chi-square test was conducted
to examine the relationship between
education level and support for speed
limits on boulevards. The results in-
dicated that this relationship was
not statistically significant, p = 0.086
(Table 10). This indicated no signifi-
cant difference in participants’ opin-
ions on speed limiting on boulevards
based on their level of education.

Discussion

The study investigated the influence
of various factors on involvement in
a traffic accident and provided many
valuable insights into the way differ-
ent factors contribute towards road
safety. More than half of the partici-
pants (59%) did not wear protective
equipment during cycling, and 17.7%
wore protective equipment always.
Mobiles during cycling, regularly or
sometimes, were used by 32.5% of par-
ticipants, while 41% used headphones
during cycling. The study found that
wearing protective equipment signif-
icantly reduced the risk of accidents,
highlighting its importance for safe-
ty. In contrast, mobile phone used
while cycling was strongly associated
with higher accident rates, indicating
the dangers of distractions. However,
wearing headphones had little im-
pact on accident involvement.

Construction site conditions on bike
paths did not significantly affect acci-
dent rates, suggesting that such sites
are not major contributors to acci-
dents. The study also found that edu-
cation level influenced safety practic-
es; individuals with higher education
were more likely to use protective
equipment, while those with lower
education were more prone to using
mobile phones while cycling, indicat-
ing a potential gap in safety aware-

ness. There is widespread support for
stricter speed limits, with many ad-
vocating for 50 km/h on boulevards
and 30 km/h on streets.

EU cyclists are a unique group in that
fatality numbers have remained vir-
tually the same for more than ten
years, ranging between 1,800 and
2,100. While the overall number of
road fatalities decreased by 34% dur-
ing this time, the share of cyclist fa-
talities increased, increasing from
7% in 2011 to 10% in 2020. The high-
est share of cyclist fatalities - i.e. the
number of cyclist fatalities within the
total amount of road fatalities - was
recorded in the Netherlands, Den-
mark, Belgium, and Germany, in or-
der from high to less high. The num-
ber of cyclist fatalities per million
inhabitants is lower in the south and
in the north - i.e. Sweden and Finland
- of the EU and higher in the EU Mem-
ber States in between. These observa-
tions are at least partly related to the
number of bicycle trips and bicycle
kilometers traveled in the respective
countries, though safe infrastructure
also plays a key role as do other fac-
tors such as user behavior - one from
both cyclists and other road users
- and lack of enforcement. In most
collisions, cyclists were involved with
cars, other cyclists, and pedestrians’®.
According to Evgenikos et al., the ac-
tual cycling fatality figures are likely
to be higher because police statistics
are particularly poor at recording cy-
clist accidents compared to hospital
records and other studies®.

In the period from 2010 to 2023, 1,176
people died, and 53,817 were injured
in traffic accidents in the Republic
of North Macedonia. Of these, 6.7%
were cyclists. The Skopje Department
of Internal Affairs reported that 538
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(45.7%) people died, and 35,168 (65.3%)
were injured in the city of Skopje?.
It is intriguing to note that in North
Macedonia, bicycles are used for com-
muting by only 2.3% of the population
aged 15-79 vears, and by 4% in Sko-
pje?. This is much lower compared to
the numbers reported in the Nether-
lands (45%) and Spain (6%)%2.

Distribution of injured and dead citi-
zens in the whole country for the
period 2017-2021 year was killed cy-
clists, motorcyclists and passengers:
119; seriously injured cyclists, motor-
cyclists and passengers: 1135; slightly
injured cyclists, motorcyclists and
passengers: 4291. In this period, 69%
of men were involved in traffic acci-
dents and 31% of women?2. From 2010
to 2021, the Skopje Department of In-
ternal Affairs reported 2,073 traffic
accidents involving cyclists. Of these
incidents, 20 resulted in fatalities,
240 in severe injuries, 1,363 in minor
injuries, and 450 involved only prop-
erty damage. Interestingly, vehicles
involved were over 80% private mo-
tor vehicles. Finally, in 2020-2021,
the municipalities with the highest
incidence rate of cycling-related acci-
dents were Centar (98), Karposh (52),
Aerodrom (44), and Gazi Baba (37) cas-
es, respectively?,?,

UNECE reported that the number of
persons injured, of persons Kkilled,
and of road traffic accidents in North
Macedonia slightly moved in the same
direction -8.8%, -32.6%, and -2.8% for
the period 2011-2021, respectively®. In
2015, Road Traffic Injuries (RTIs) in
Macedonia resulted in 4,960 disabil-
ity-adjusted life years (DALYs), with
young males (aged 15-29) being the
most affected group. Speeding was
the main factor and despite the ex-
istence of road safety national strat-
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egy, traffic law enforcement was still
negligibly poor?*. By 2017, the RTIs
burden had slightly reduced to 4,894
DALYs and still significantly affected
young males. Although the Decade
of Action for Road Safety was suc-
cessful compared to a 4-month pe-
riod “baseline”, there was continued
necessity for strengthened law en-
forcement and cross-systematic col-
laboration®. According to Eurocost
disability weights, the average dis-
ability weight for a temporary cyclist
injury is 0.0326. For lifelong injuries,
the average DALYs is 8.3. A Norwegian
study reported that most injuries
were temporary, with very few clas-
sified as lifelong. The median disabil-
ity weight of these injuries was lower
than the mean, indicating that while
some injuries were more severe, the
majority were less serious?®.

Safe infrastructure and understand-
ing some needs of the population will
be of importance to encourage safe
cycling. In Germany, for instance,
the cycling boom is benefiting highly
educated people disproportionately,
and an approach aimed at addressing
this gulf is vital if cycling is to make
its full contribution towards sustain-
ability and reduced social inequali-
ties?. Infrastructure can reduce the
incidence of accidents and stimulate
safety feeling among cyclists, as psy-
chological safety is one of the factors
supporting and sustaining cycling as
a mode of transport?®. Many authors
share the view that human misbehav-
ior accounts for about 85% of the to-
tal number of traffic accidents, while
poor condition of roads, vehicles de-
fects and other factors account for
the remaining 15%?°. Most studies
reported factors of road users’ behav-
ior (59.3%) and infrastructure char-
acteristics (57.6%) as relevant causes



of BMV collisions. Notably, 20.3% of
these studies mentioned the pres-
ence of environmental factors that
could be significant causes’®. Provid-
ing adequate space on cycling lanes
is a prerequisite for cyclists’ subjec-
tive safety. Well-designed bike lanes
enhance the feeling of safety, while
physical demarcation further in-
creases cyclists’ perception of safety
by a significant margin?'.

A detailed analysis of single bicycle ac-
cidents in Denmark showed that the
leading causes included skidding on
water or ice (60%), inadequate road-
way design (24.9%), including things
such as kerbstones and road main-
tenance, and cyclist-related factors
such as alcohol use (1.4%), excessive
speed (4.6%), and distraction (4.6%)%2.
Similarly, a Finnish study** on com-
muter bicycle crashes found that over
60% were linked to infrastructure is-
sues, such as slippery road surfaces.
Shared paths are commonly used
in many countries for cycling when
dedicated bike paths are not feasible.
However, safety concerns are rising,
as most accidents on these paths in-
volve falls due to loss of control or
collisions with objects and a signifi-
cant number involve collisions with
pedestrians, other cyclists, or motor
vehicles at intersections®. Barriers
related to safety were more common-
ly reported (31.9% of total bicyclists),
compared to barriers related to infra-
structure (22.1% of total bicyclists)®.

Although our research team can-
not determine whether the low us-
age of personal protective equipment
among participants (58.7% do not use
it) is due to habitual behavior, insuf-
ficient awareness, or the observation
by Aldred and Woodcock’® that pro-
tective clothing use declines when

cycling is perceived as safer, it is evi-
dent that the use of bicycle helmets
significantly reduces injuries: head
injuries by 48%, serious head injuries
by 60%, traumatic brain injuries by
53%, facial injuries by 23%, and the
overall rate of fatalities or severe in-
juries by 34%%. In the US and Canada,
helmet use among adults typically
ranges from 30% to 50% in the ab-
sence of legal mandates, and slightly
over 70% where helmet laws are en-
forced. Helmets were used on 69% of
trips, with usage rates of 76% in Van-
couver, where law mandates helmet
use, and 59% in Toronto, where it is
not. Helmet use was positively corre-
lated with bike light use, longer trip
distances, hybrid bike type, and absti-
nence from alcohol in the six hours
prior to the trip, female gender, old-
er age, higher income, and higher
education levels. In two of Canada’s
largest cities, helmets were the most
widely used safety equipment?,

Personal behaviors and habits also
play a significant role in enhancing
traffic safety. The possible harms of
mobile phone distraction are often
dismissed. Focusing on nonmotor
distracting activities during cycling
shifts part of the cyclist’s attention
and it makes it more difficult to con-
centrate on the main task of cycling®.
De Waard et al.,*° in 2010 concluded
that telephoning while cycling is as-
sociated with decreased speed, im-
paired peripheral vision, and height-
ened risk and mental effort ratings.
Among various mobile phone activi-
ties, text messaging has the most
detrimental effect on cycling perfor-
mance. The reduced accident rate
that has been observed in the group of
people who are calling by phone may
be explained by their slower speed
and higher mental workload, which
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can help avoid some of the dangerous
issues. In a study conducted in Mexi-
co City in 2022, 31.4% of participants
used a mobile phone for talking, and
24.2% use did for text messaging while
cycling. Additionally, 32.4% reported
being involved in a crash or fall. The
data indicate that each additional
unit of mobile phone talking frequen-
cy increases the odds of experiencing
a crash or fall by 20% (95% CI: 1.061-
1.352)*". In Shanghai, China, 50.2%
of cyclists had used a mobile phone
within one minute prior to their in-
jury. The main analysis indicated that
the use of a mobile phone during this
one-minute period was related to a
threefold likelihood of traffic injury
among pedestrians, cyclists, and mo-
torcyclists, with an odds ratio of 3.00,
at a 95% confidence interval of 2.04 to
4.42*2. Moreover, in the case of Spain,
an investigation into cyclists’ reports
on their crashes found that as many
as 89.3% out of 25,439 traffic crashes
involving cyclists involved associated
factors of distraction, including the
use of mobile phones*’. On the con-
trary, headphones were not correlat-
ed with traffic accidents in our sur-
vey. A Dutch internet survey found
that 39% of the cyclists listened to
music at least occasionally and for
55% of the cyclists, at least occasion-
ally, a phone call had been made
while cycling**. Overall, 22.7% (95%
CI: 20.9-24.4%) of all cyclists were en-
gaged in any secondary task; wear-
ing headphones or earphones was
most frequently observed (13.1%, 95%
CI: 11.7-14.5%)*. In the period 2010-
2023, speeding accounted for 34.2%
of all recorded factors contributing
to traffic accidents and retained its
position as the leading cause. In the
Skopje Department of Internal Af-
fairs, 38.5% of all accidents recorded
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were due to speeding?. The design of
the road system and the speed limits
set for it must consider the forces the
human body can tolerate and survive.
In areas where motorized vehicles
and vulnerable road users share the
same space, such as in residential
areas, 30 km/h is the recommended
maximum speed limit**. Research
indicates a significant relationship
between reduced speed and lower ac-
cident risk and severity. In response,
many cities have implemented lower
speed limits, such as 30 km/h in resi-
dential areas and 50 to 70 km/h on
major roads, to enhance safety and
encourage cycling and public tran-
sit. Despite these safety improve-
ments, comprehensive evaluations
are crucial to assess the full impact
of such measures. The European Par-
liament’s 2021 endorsement of a 30
km/h limit in residential and high pe-
destrian zones underscored the im-
portance of thorough assessments to
ensure the effectiveness of speed lim-
it changes¥. Many European cities are
adopting 30 km/h speed limits across
their road networks. Research from
40 cities, including Brussels, Paris,
and Zurich, found that these speed
limits significantly enhanced road
safety by reducing crash risk and se-
verity—road crashes dropped by 23%,
fatalities by 37%, and injuries by 38%.
Environmental benefits included an
18% reduction in emissions, a 2.5 dB
decrease in noise pollution, and a 7%
cut in fuel consumption. Encouraging
walking, cycling, and public transit
further contributes to safer and more
sustainable urban environments*8,%.

Despite the valuable insights pro-
vided by this study, several method-
ological limitations should be consid-
ered. Although the sample size was
substantial for an urban population



such as the city of Skopje, the use of a
questionnaire-based survey may limit
the representativeness of certain sub-
groups of cyclists, particularly occa-
sional or recreational riders. Further-
more, reliance on self-reported data
introduces the potential for recall
bias and social desirability bias, espe-
cially with regard to behaviors such
as mobile phone use, helmet use, and
compliance with traffic regulations.
Finally, due to the cross-sectional de-
sign of the study, the observed rela-
tionships should be interpreted as as-
sociations rather than causal effects.
Future research employing longitu-
dinal designs or objective exposure
measures could provide a deeper un-
derstanding of causal pathways and
strengthen the evidence base.

Conclusion

The findings of this study should be
implemented in future policies for
better public health and traffic safe-
ty, emphasizing the use of protec-
tive equipment and mobile phone
distraction. We need to design and
carry out public awareness cam-
paigns highlighting the advantage of
wearing protective equipment. Such
campaigns should target all cyclists;
however, special emphasis should be
placed on lower educational attain-
ment groups as they seem unlikely
to make use of protective equip-
ment. In addition, targeted education
programs on safe cycling behaviors
among children and youth should be
introduced. These programs will en-
hance safety awareness across all ed-
ucation levels. Further development
of national regulation in order to in-
troduce more stringent penalties for
phone use while cycling, and promote
technology solutions that discourage

phone usage during cycling. Identifi-
cation of other contributing factors
related to traffic safety at construc-
tion sites on the streets can help in
the introduction of new measures for
enhancement of cyclist safety around
these construction areas. Addressing
these aspects can help policymakers
improve safety while cycling, reduce
accidents in traffic flow, and contrib-
ute toward overall road safety im-
provements.
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Abstract

Aim of the study. The study objective was to determine the impact of night work on health and
work ability of health workers. Material and methods. This was a cross-sectional study conducted
with an anonymous survey questionnaire distributed among 120 health workers employed in PHI
CGH ,8th September* - Skopje, in the period January-May 2024. The study comprised male and
female subjects aged 21 to 62 years, 86.7% of them worked full-time, 60% worked in shifts, 40%
worked only in the first shift, while 50% of them also had night shifts. Results. The mean age of
examined subjects was 40.9+10.6 years, and the average length of service in the current workplace
was 11.8+8.9 years (range 1-42 years). 44.2% of them were active smokers with an average smoking
experience of 6.2+9.1 years, while only 2.5% of them drank alcohol daily in an amount greater than
one large glass (200 ml) of beer/wine or one small glass (50 ml) of brandy or other strong drink. A
significant difference between subjects who worked and those who did not work night shifts was
determined for the consumption of alcohol in a larger amount (P=0.030), followed by dissatisfaction
with the workplace (P=0.031), as well as in dissatisfaction with life (P=0.042). The majority of subjects
believed that psychophysical abilities during and after night work were worse than during day work,
66.6% of them answered that they had difficulties in sleeping after night shifts. The frequency of
cardiovascular diseases was significantly higher among subjects who worked night shifts compared
to those who did not work (P=0.043), together with the frequency of health conditions that require
regular medication at a strictly defined time (P=0.037). The average values of current work ability in
subjects who worked night shifts and those who did not work night shifts were similar. Conclusion.
The results of the study evidently showed a significant impact of night work on health and well-
being as well as on work ability of health workers.
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W3Bamok

llen Ha cryaujata. Llenta Ha cryamjata Oeme ja ce YTBPAM BIMjAHMETO Ha HOKHaTa paboTa Bp3
3/IpaBjeTo ¥ paboTHaTa CIoCOOHOCT Ha 3IpaBcTBeHNTe paboTHILM. Marepujan u Metozu. OBa Gelie
CTY/IMja Ha TIpecek CIpoBejieHa co aHOHMMeH aHKeTeH TIpalllaiHUK JucTprbynpan Kaj 120 3ppaBcTBe-
Hi pabotHuiy Bpaboreru Bo J3Y TOB ,8-mu CenremBpu” - CKorije, Bo epuofoT jaHyapy-maj 2024
rogua. Ctyaujara ondari MauKm 1 KeHCKY UCTIMTAHMIM Ha Bo3pact of 21 o 62 romunu, 86,7% of
HUB paboTea co 1ojIHO paboTHO Bpeme, 60% paborea Bo cmenn, 40% paboTea caMo BO TPBa CMeHa,
nopexa 50% oji HUB paboTea U HOKHM cMeHn. Pesynraru. [lpoceuHata Bo3pacT Ha MCTIUTAHULIATE
6emre 40,9 + 10,6 rofMHK, & IPOCEUHHOT CTAXK HA aKTyeTHOTO paboTHO Mecto Geme 11,8 + 8,9 ropuHu
(omcer 1-42 ropmn). 44,2% ofi HUB 6ea aKTUBHM TTyLIAUM CO TTPOCEUEH NyIAauKy cTax off 6,2 + 9,1 roam-
HU, I0fleKa camo 2,5% Of HUB KOHCYMUpPaa aJIkoXoJl [IHeBHO BO KOJIMUKHA T10rojieMa Off eJiHa rojiema
vama (200 My1) MiBo/BUHO VM efjHa Mana vama (50 M) pakuja WM YT JKecToK MijaioK. SHauajHa
pas/MKa roMery MCIMTaH!IITe KoM paboTea 1 OHKMe KoM He paboTea HOKHHM cMeHH Oellie YTBpieHa
Camo 3a KOHCYMUpambe anKkoxor Bo norojiemMa Komaunaa (P = 0,030), ciefieHo co He3a0BoICTBOTO 071
paborHoTo Mecto (P = 0,031), Kako 1 Bo He3a0BosCTBOTO 0ff X1BOTOT (P = 0,042). TToronemuor aen
OJT MCIIUTAHUIATE CMeTaa JieKa MCMXO(pU3MUKKTe CIoCOOHOCTH 3a BpeMe 11 110 HOKHaTa paboTa ce
TI0JIOIIIH OTKOJIKY 3a BpeMe Ha JIHeBHaTa paboTa, a 66,6% o HUB 0JIrOBOPHja [IeKa MMaaT TeIIKOTHH CO
CTIVEHETO M0 HOKHUTE CMeHHM. 3auecTeHOCTa Ha Kap/roBACKYIapHN 3a007yBarba Oellle 3HAUNTETHO
T0rojIeMa Kaj MCIUTaHULMTe Koy paboTesie 1 HOKHY CMeHH BO CIIope/ioa co oHue Kou He paborerie
(P=0,043), 3aeqiH0 co (pekBeHImjaTa Ha 37PaBCTBEHN COCTO]OM KoM bapaaT pejloBHa Teparmja co jie-
KOBH BO cTporo fecdunnpano Bpeme (P=0,037). TIpoceunnte BpeHOCTH Ha MOMEHTajIHATa paboTHA
CMIOCOOHOCT Kaj MCTIMTAHMIIMTe KOM paboTesie HOKHI CMeH) 1 OHHMe KO He paboTesie HOKHU CMeHH
Oea cmuHM. 3aKydoK. PesyiraTite off CTyIujaTa eBUAEHTHO OKaKaa 3HAUMTeITHO BIIMjaHne Ha HOK-
HaTa paboTa BP3 37IpaBjeTo 1 671arococTojdata, Kako 1 Bp3 paboTHaTa CIoCOOHOCT Ha 37IpaBCTBEHHTe
paboTHULM. 3[paBCTBeHKTe PAOOTHULM TPeba fa OMIaT CBECHM 3a PU3KLIMTE [OBP3aHM CO HOKHATA
paboTa 3a Jia pe3eMaT MepKH 3a CIpeuyBakbe Ha MpobieMuTe Co 37[paBjeTo.



Introduction

According to the International La-
bour Organization (ILO), shift work
is “a method of organising working
time in which workers alternate
with each other in the workplace so
that the undertaking can work lon-
ger than the hours of work of indi-
vidual workers” at different times of
the day and night™.

The term night work covers all work
performed during a period of not less
than seven consecutive hours, in-
cluding the interval from midnight to
5 a.m., to be determined by the com-
petent authority after consultation
with the most representative organ-
isations of employers and workers
or by collective agreements. Night
worker means an employee whose
work requires the performance of a
significant number of hours of night
work exceeding a certain limit. The
limit shall be determined by the com-
petent authority after consultation
with the most representative organ-
isations of employers and workers or
by collective agreements?. Accord-
ing to Article 127 of the Law on La-
bor Relations (Official Gazette of the
R. Macedonia No. 62/05), night work
is considered to be work during the
night (the period between 10 p.m.
and 6 a.m. the following day), and an
employer who regularly uses work-
ers for night work is obliged to notify
the State Labor Inspectorate?.

One fifth of the global workforce is
engaged in shift work, with 20% of
European and American workers
engaged in night shifts. Healthcare
workers make up the majority of
shift workers to enable the provision
of 24/7 healthcare services. Shift
work in the healthcare system is
considered essential and necessary

to ensure continuity of care in hos-
pitals and residential facilities. Rota-
tion and scheduling are key features
of shift work and healthcare workers
are largely bound to schedules that
provide 24-hour care and include
night shifts in their work arrange-
ments. Night shift work is one of the
most common causes of circadian
rhythm disruption, causing signifi-
cant changes in sleep and biological
functions, which in turn can affect
physical and psychological well-be-
ing and can have negative impact on
work performance*>. Many health
problems can be directly attributed
to lack of rest and sleep, such as slow-
er reaction times, impaired learn-
ing ability, reduced cognitive ability,
mood disturbances, and drowsiness.
These symptoms can pose serious
threats to healthcare professionals
and their ability to perform their
tasks accurately and correctly®. The
challenges of shift work are associ-
ated with the intention to leave the
profession, and therefore night work
has been shown a risk factor for the
development of disability and early
retirement’.

A comprehensive systematic review
of the literature on shift work has
shown that shift work combined
with sleep disturbances may also be
associated with lower dietary quality
scores, higher body mass index, re-
duced physical activity and a higher
prevalence of hypertension. There is
an increased risk of developing type
2 diabetes, impaired glucose toler-
ance, and metabolic syndrome, with
subsequent effects on both the car-
diovascular and gastrointestinal sys-
tems8. It may also exacerbate some
existing health conditions such as
epilepsy, depression, anxiety, diabe-
tes, or any other ongoing condition

37



that requires regular medication®.
The occurrence of chronic adverse
effects depends on several factors
such as age, duration of exposure,
or inappropriate behaviour. This is
greatly influenced by worker’s spe-
cialty, workload and ultimately the
need and frequency of being involved
in night shifts'®. Night shift work in
the healthcare sector is not only as-
sociated with poorer health, but also
with increased frequency of absen-
teeism and lower levels of job satis-
faction!.

Night shift work is associated with
an increased risk of heart diseases'.
Epidemiological studies have clear-
ly documented that cardiovascular
events such as myocardial infarc-
tion, stroke, and arrhythmias have
the highest incidence of morbidity
and mortality in the early morning
hours, as opposed to occurring at
random. The exact mechanisms by
which shift work causes cardiovas-
cular diseases are not yet fully un-
derstood, but it is thought that the
main contributing factors include
the disrupted circadian rhythm and
confounding factors such as smok-
ing, poor dietary habits, and stressful
social situations, which are common
among shift workers. Disrupted
circadian rhythms lead to hormonal
and metabolic changes, resulting in
high blood pressure, atherosclerosis,
diabetes, and obesity*". Shift work-
ers have an average of 40% higher
risk of ischemic heart disease com-
pared to non-shift workers>.

Furthermore, the combined effects
of overtime and insufficient sleep
can critically increase nervous sys-
tem activity, potentially causing
acute myocardial infarction’®.

Gastrointestinal disorders are one of
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the most common health problems
reported in shift workers. A high
prevalence of gastrointestinal prob-
lems such as gastrointestinal ulcers,
gastritis, constipation, and diarrhea,
as well as an increased risk of colon
cancer, has been observed in shift
workers. Helicobacter pylori infec-
tion is more prevalent in shift work-
ers than in day shift workers, possibly
indicating that shift work interferes
with natural gastric defenses 8,

As early as 2007, the Internation-
al Agency for Research on Cancer
(IARC) classified shift work as a prob-
able carcinogen, based on sufficient
evidence in experimental models
and limited evidence in humans. It
has been suggested that exposure to
artificial light at night and changes
in sleep-wake cycles due to night-
shift work schedules may be respon-
sible for the increased risk of cancer.
Due to the potential antiestrogenic
effects of melatonin, it has also been
suggested that night-shift workers
may be more susceptible to the de-
velopment of hormone-dependent
neoplasms, such as breast, prostate,
and endometrial cancers®.

A higher incidence of altered men-
strual cycles, premenstrual syn-
drome and menstrual pain, endo-
metriosis, infertility, and reduced
breastfeeding frequency have been
observed in many groups of shift
workers, such as medical, aviation,
and industrial workers. Some stud-
ies have reported a higher incidence
of spontaneous abortion and fetal
growth retardation, including pre-
term birth and low birth weight. For
these reasons, women are exempted
from night work from the begin-
ning of pregnancy, with the option
of working day shifts for the first 2-3



years after the birth of the child®,

Night shifts can result in significant
stress and sleep disturbances, which
affect the overall well-being and
quality of life of healthcare workers,
and night work impairs the alert-
ness and professional performance
of healthcare workers and reduces
the quality of care?0?,

The study objective was to determine
the impact of night work on health
and work ability of healthcare work-
ers, as well as to prevent harmful ef-
fects on health of healthcare work-
ers through a better understanding
of the risks of night work, and to
provide recommendations and
guidelines for educating and advis-
ing healthcare personnel on how to
deal with the risks of shift work.

Material and methods
Study design

This cross-sectional study was con-
ducted using an anonymous ques-
tionnaire among employees of the
PHI City General Hospital “8% Sep-
tember” - Skopje, in the period Janu-
ary-May 2024.

Study sample

The study included workers from
the City General Hospital “8th Sep-
tember” in Skopje. Before the start
of the survey, permission for the sur-
vey was requested and received from
the management of the City General
Hospital “8" September” - Skopije,
while ethical approval was not re-
quested. All subjects were previous-
ly informed about the purpose and
methodology of the study and they
voluntarily agreed to participate. In
order to meet the set goals of the

study, the study group consisted of
120 healthcare workers: 60 who also
worked night shifts (first, second and
third shifts), and 60 who worked only
day shifts (first and/or second shift).
The study included subjects of both
genders aged 21 to 62 years.

According to the level of education
and the work tasks they performed,
they were classified into several
groups: nurses/health technicians,
laboratory technicians, paramedics
and medical doctors and special-
ists. Healthcare workers from three
shifts - first, second and third (night
shift) from different departments
were included.

Methods

The research methodology included
a “Questionnaire on the impact of
night work on health and work abil-
ity among healthcare workers”. The
questions were compiled based on
the risk factors that occur during
night work, lifestyle, health status,
life and work satisfaction, and the
subjects’ perception of their work
ability. All subjects who gave verbal
consent to participate in the study
filled out the sections of the ques-
tionnaire related to general informa-
tion, information on smoking status,
alcohol consumption, and informa-
tion on the work process. The in-
formation provided in the question-
naire was treated as confidential and
all participants in the study were
anonymous.

The questionnaire used as an in-
strument in the study was specially
designed and based on several stan-
dardized questionnaires in order to
obtain the most accurate informa-
tion and to ensure psychometric
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properties: “Night worker’s health
questionnaire”, “Health and Work
Questionnaire”, and “Validation of
the Work Limitations Questionnaire
in Brazilian Army Military Person-
nel”?>?, The questionnaire consists
of 52 questions divided into 6 groups
such as: demographic data (gender,
age, ethnicity, education/qualifica-
tion), data on work and workplace,
data on lifestyle (cigarette smoking,
alcohol consumption, physical activ-
ity), life and work satisfaction, ques-
tions on health of health workers
during night work and data on the
perception of personal work ability.
The information obtained from the
questionnaire was used to assess the
degree of impact of night work on
health and work ability, as well as to
compare different shifts and their ef-
fect on health of the study subjects.

Statistical analysis

Statistical analysis was performed
using the Statistical Package for the
Social Sciences (SPSS), version 14.0
for Windows. Continuous variables
were expressed as mean values with
standard deviation (SD), and the
nominal variables as numbers and
percentages. Univariate statistical
models were used for testing the dif-
ferences in prevalence and compari-
son of the means. Chi-square test (or
Fisher’s exact test where appropri-
ate) was used for testing difference
in the prevalence, while comparison
of data means was performed by in-
dependent-samples T-test. A P-value
less than 0.05 was considered as sta-
tistically significant.

Results

Demographic data for the study sam-
ple is shown in Table 1.

Table 1: Demographic characteristics of study subjects

Variable Subjects (n=120)
Gender Males 6 (5%)
Females 114 (95%)
Male/female ratio 0.05
Age (vears) 40.9 +10.6
Range (vears) 21-62
Total work experience (years) 171+£10.6
Range (years) 1-42
Length of service at current job position (years) 11.8+89
Range (vears) 1-42
Place 02 f&Sldence 110 (91.7%)
Village 10(8.3%)
Education
- Secondary education 62 (51.7%)
- Higher education (three-year professional
studies) 46 (38.3%)
- Higher education 12 (10%)

Frequencies are presented as the number and percentage of respondents with the corresponding variable.
Numeric data are expressed as mean values with standard deviations.
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Job and workplace information

Among the total examined group
(EG), the majority of subjects (104-
86.7%) worked full-time, 8 hours per
day and 40 hours per week, 5 days
per week, 3 subjects (2.5%) worked 36
hours per week, 3 (2.5%) worked 37.5
hours per week, while 10 subjects
(8.3%) worked more than 40 hours
per week (up to a maximum of 64
hours a week). The average number
of working hours was 40.9+4.2 hours
per week (range 36-64 hours).

They worked in multiple job posi-
tions - medical doctors and special-
ists (10%), nurses and medical techni-
cians (78.3%), laboratory technicians
(8.3%) and paramedics (3.4%). The ma-
jority of subjects, i.e. 72 (60%) worked
in shifts, and 48 (40%) worked only
in the first shift. Thirty-four (28.3%)
subjects worked overtime, and the
average number of overtime hours
was 3.1+6.8 hours (range 0-36 hours).

Figure 1 shows the percentage of
workers in different shifts (first, sec-
ond and third).

first

=
o

first and second

first, second and third

o
=
o

I -

50

Figure 1: Number of workers in different shifts

Lifestyle of subjects

Table 2 shows the comparison be-
tween subjects who worked only the
first or first and second shift with

those who also worked night shifts
(third shift) in terms of smoking sta-
tus, alcohol consumption, and prac-
ticing some form of physical activity.

Table 2: Comparison of smoking status, alcohol consumption and physical activity
levels between subjects who worked and those who did not work night shifts

Subjects with night | Subjects without night
Variables shifts shifts P - value*
(N=60) (%) (N=60) (%)
Active smokers 28 (46.7%) 25 (41.7%) P=0.581
Former smokers 17 (28.3%) 13 (21.7%) P=0.399
Passive smoking 45 (75%) 44 (73.3%) P=0.835
Moderate alcohol consumption 10 (16.7%) 10 (16.7%) P=1.000




Heavy alcohol consumption 15 (25%) 6 (10%) P=0.030*
Physical activity 39 (65%) 42 (70%) P=0.559
Current diseases 27 (45%) 22 (36.7%) P=0.353

Frequencies are shown as the number and percentage of subjects with the corresponding variable.
*Tested by 2 test or Fisher’s exact test.

A significant difference existed be-
tween subjects who worked night
shifts and those who did not in terms
of alcohol consumption in larger
quantities, which supports the fact
that the night shift represents a sig-
nificant risk factor for alcohol abuse.

Life and work satisfaction data

Table 3 shows the comparison be-
tween subjects who worked only the
first or first and second shift with
those who also worked night shifts
(third shift) in terms of dissatisfac-
tion with their job, life, friends and
family, coworkers, and superiors.

Table 3: Comparison of dissatisfaction with workplace, life, friends and family, coworkers, and

superiors between subjects who worked and those who did not work night shifts

Subjects with night | Subjects without
Variables shifts night shifts P - value*
(N=60) (%) (N=60) (%)
Job dissatisfaction 12 (20%) 4(6.7%) P=0.031*
Life dissatisfaction 4 (6.7%) 0 P=0.042*
Friends and family dissatisfaction 0 0 /

Coworkers’ dissatisfaction 4 (6.7%) 3(5%) P=0.697
Supervisors’ dissatisfaction 3(5%) 3(5%) P=1.000

Frequencies are shown as the number and percentage of subjects with the corresponding variable.
*Tested by 2 test or Fisher’s exact test.

A significant difference was found
for job dissatisfaction and life dis-
satisfaction between subjects who
worked and those who did not work
night shifts (P=0.031 and P = 0.042,
respectively).

Table 4 displays the comparison be-
tween subjects who worked only the

first or first and second shift with
those who also worked night shifts
(third shift) in terms of conflicts,
restlessness, loss of interest or bore-
dom, difficulty concentrating, suc-
cess in completing tasks, as well as
feelings of exhaustion at work.

Table 4: Comparison of conflict, restlessness, loss of interest or boredom, difficulty
concentrating, success in completing tasks, and feelings of exhaustion at work between
subjects who worked and those who did not work night shifts

Subjects with night | Subjects without
Variables shifts night shifts P - value*
(N=60) (%) (N=60) (%)
Workplace conflicts 37 (61.7%) 42 (70%) P=0.336
Workplace restlessness 31(51.7%) 36 (60%) P=0.358
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Loss of interest or boredom at work 44 (73.3%) 39 (65%) P=0.323
Difficulty concentrating at work 27 (45%) 36 (60%) P=0.099
Success in completing tasks at work 59 (98.3%) 58(96.7%) P=0.559
Feeling exhausted at work 56 (93.3%) 52 (86.7%) P=0.361

Frequencies are shown as the number and percentage of subjects with the corresponding variable.
*Tested by 2 test or Fisher’s exact test.

No statistically significant difference
was obtained for any of the exam-
ined variables between subjects who
worked and those who did not work
night shifts.
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worse than daily work

equal as daily work

Health status of health
care workers during night shift

The following figures provide data
on the effects of night work on the
work performance and health status
of workers who worked at night.

Psychophysical abilities during night
work among subjects who worked at
night are provided in Figure 2.

5

better than daily work

Figure 2: Psychophysical abilities during night work

The majority of subjects believed
that psychophysical abilities during
night work were worse than those
during daily work.

Figure 3 shows the responses of sub-
jects who worked night shifts regard-
ing sleeping problems after working
a night shift.
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Figure 3: Sleeping problems after night shifts

The majority of subjects (66.6%) re- orders, and other conditions among
sponded that they had difficulty workers who worked night shifts, as
sleeping after working a night shift. well as a comparison of the frequen-
cy of these conditions among work-

Table 5 shows dat th ]
anle o SHOWSs Cara on the OCCll™  ers who did not work night shifts.

rence of certain diseases, health dis-

Table 5: Frequency of certain diseases and conditions among workers who worked and those
who did not work night shifts

Subjects with night | Subjects without
Variables shifts night shifts P - value*
(N=60) (%) (N=60) (%)
Frequency of diabetes 3(5%) 2 (3.3%) P=0.648
Frequency of cardiovascular diseases 17 (28.3%) 8 (13.3%) P=0.043*
Frequency (;).f gastrointestinal 5 (8.3%) 3(5%) P= 0464
iseases
Frequency of health conditions
where meal timing is particularly 8 (13.3%) 5(8.3%) P=0.557
important
Frequency of conditions that affect 9(15%) 2(3.3%) P 0.027*
sleep
Frequency of chronic diseases where
symptoms are more pronounced at 6 (10%) 2 (3.3%) P=0.272
night
Frequency of health conditions that
require regular medication at strictly 16 (26.7%) 7(11.7%) P=0.037*
defined times
Frequencies are shown as the number and percentage of subjects with the corresponding variable.

*Tested by 2 test or Fisher’s exact test.




The incidence of diabetes was high-
er among subjects who worked night
shifts (5%) compared to those who
did not work night shifts (3.3%), but
the difference was not significant
(P=0.648). The incidence of cardio-
vascular diseases was significantly
higher among subjects who also
worked night shifts (28.3%) com-
pared to those who did not work
(13.3%) (P=0.043). The frequency of
gastrointestinal diseases was also
higher among subjects who worked
night shifts (8.3%) compared to those
who did not work night shifts (5%),
but the difference was not signifi-
cant (P=0.464). The prevalence of
health conditions where meal timing
is particularly important was higher
among night shift workers (13.3%)
compared to non-night shift work-
ers (8.3%), but the difference was not
significant (P=0.557). The prevalence
of sleep-related conditions was sig-
nificantly higher among night shift
workers (15%) compared to non-night
shift workers (3.3%) (P=0.027). The
prevalence of chronic diseases where
symptoms are more pronounced at

night was higher among night-shift
workers (10%) compared to non-night
shift workers (3.3%), but the differ-
ence was not statistically significant
(P=0.272). The frequency of health
conditions that require regular med-
ication at strictly defined times was
significantly higher among subjects
who also worked night shifts (26.7%)
than among those who did not (11.7%)
(P=0.037).

According to questionnaire data,
the most common symptoms that
appeared during night work were
stress, anxiety, flushing, weakness,
insomnia, dizziness, fatigue, and ir-
ritability.

Perception of personal work
ability

The comparison of the average val-
ues of current versus best work abil-
ity between subjects who worked
night shifts compared to those who
did not is shown in Table 6.

Table 6: Comparison of the average values of current versus best work ability between
subjects who work night shifts and those who do not work night shifts

. o1 Subjects with-
Variable Suslﬂffi;s(l‘\?g El(l))n(})/g)ht out night shifts P - value*
’ (N=60) (%)
Current in terms 'of best working 8+163 704157 P-0733
ability

Numerical data are expressed as mean values with standard deviations.
* Tested by t-test for independent samples.

There was no significant difference
in the average values of current ver-
sus best work ability between sub-

jects who worked night shifts and
those who did not work night shifts
(P = 0.733).
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Table 7: Comparison of the ability to perform usual daily activities over the last 3 months
between night shifts workers and non-night shift workers

Variable s 0 | NGO | P-vale
Always 32 (53.3%) 30 (50%) P=0.715
Most often 19 (31.7%) 24 (40%) P=0.080
Sometimes 8 (13.3%) 5(8.3%) P=0.378
Rarely 1(1.7%) 1(1.7%) P=0.100
Never 0(0%) 0(0%) /
Frequencies are shown as the number and percentage of subjects with the corresponding variable.

* Tested by ytest or Fisher’s exact test.

No significant difference was found
in the categories of ability to per-
form usual daily activities over the
last 3 months between subjects who
worked night shifts and those who
did not work night shifts.

Table 8 presents the comparison of
the perception of work ability among
subjects who worked night shifts and
those who did not work night shifts.

Table 8: Comparison of the perception of work ability among subjects who worked night
shifts and those who did not work night shifts

I i el
Quite good 47 (78.3%) 48 (80%) P =0.822
Moderate 13 (21.7%) 10 (16.7%) P =0.487
Quite poor 0(0%) 2 (3.3%) P=0.154
Very poor 0(0%) 0(0%) /
Frequencies are shown as the number and percentage of subjects with the corresponding variable.

* Tested by ytest or Fisher’s exact test.

No significant difference was found The comparison of the feeling of
in the categories of perceived work fulfillment and hope for the future
ability between night-shift subjects among subjects who worked night
and non-night shift subjects. shifts and those who did not work
night shifts is illustrated in Table 9.

Table 8: Comparison of the perception of work ability among subjects who worked night hifts
and those who did not work night shifts

St | St BT | . e
continuously 7(11.7%) 13 (21.7%) P=0.142
often 31(51.6%) 30 (50%) P=0.855
sometimes 16 (26.7%) 15 (25%) P=0.835
rarely 6 (10%) 2 (3.3%) P=0.143
never 0(0%) 0(0%) /
Frequencies are shown as the number and percentage of subjects with the corresponding variable.
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No significant difference was found
in the categories of feeling fulfilled
with hope for the future between
subjects who worked night shifts and
those who did not work night shifts.

Discussion

Night work has become a significant
health concern in recent years and
is a very serious public health prob-
lem for all workers from various sec-
tors, including healthcare workers.
The current study aimed to deter-
mine the impact of night shift work
on health and work capacity among
healthcare workers through analysis
of personal medical history on the
presence of certain diseases, condi-
tions, symptoms and signs, lifestyle
data, demographic data, data on
work and workplace, length of ser-
vice, life and work satisfaction, per-
ception of personal work capacity. It
also aimed to raise awareness among
night shift workers about possible
side effects, as well as to propose ap-
propriate measures and recommen-
dations for protection against the
impact of negative effects of night
shift work.

Shift work can also have negative
health effects through its potential
impact on behavior, such as poorer
quality of diet or increased smoking
or alcohol consumption. Beggild and
Knutsson in 1999 reported that shift
workers compared to regular work-
ers were more likely to be smokers®.
Our results indicate that healthcare
workers on night shifts had a high-
er rate of active smoking compared
to non-night shift workers. Also, a
large proportion of subjects (84.2%)
were passively exposed to tobacco
smoke, for less than 4 hours (44.9%)
and for more than 4 hours (55.1%).

The comparison between subjects
who worked night shifts and sub-
jects who did not work night shifts
is as follows: active smokers (46.7%
vs. 41.7%) (P=0.581), former smokers
(28.3% vs. 21.7%) (P=0.399), and pas-
sive smokers (75% vs. 73.3%) (P=0.835).

According to the results obtained
for alcohol consumption, 20 sub-
jects (16.7%) reported occasional or
daily intake of one large glass (200
ml) of beer/wine or one small glass
(50 ml) of brandy or other strong
drink. Comparison of subjects who
worked night shifts and those who
did not showed that consumption
of alcohol in moderate amounts was
the same in both groups - 10 (16.7%)
vs.10 (16.7%). However, alcohol con-
sumption in larger amounts was
statistically significantly higher in
night shift workers - 15 (25%) vs. 6
(10%) (P=0.030). The results showed
that a significant difference existed
between subjects who worked and
those who did not work night shifts
in terms of alcohol consumption in
larger amounts, which supports the
fact that the night shift is a signifi-
cant risk factor for alcohol abuse.
The comparison of physical activity
between subjects who worked and
those who did not work night shifts
(65% versus 70%) showed that night
workers were less physically active
than those who worked day shifts,
which supports the fact that the
night shift is a risk factor.

Yang et al. investigated the asso-
ciation between shift work and the
incidence of cardiometabolic mul-
timorbidity (CMM) in patients with
hypertension in a prospective, pop-
ulation-based cohort study of 36,939
participants in the United Kingdom.
They used competing risk models
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to examine the association between
shift work and the risk of CMM,
which was defined as the coexistence
of hypertension and diabetes, coro-
nary heart disease, or stroke in the
study. They also investigated the as-
sociation between the frequency and
duration of shift work and the risks
of CMM. In addition, they conducted
a cross-classification analysis com-
bining the frequency and duration
of shift work, chronotype, and sleep
duration as exposure metrics. Dur-
ing a mean follow-up of 11.6 years, a
total of 5,935 participants developed
CMM. They found that usually/al-
ways working night shifts was asso-
ciated with a 16% higher risk of CMM
compared to day workers (OR=1.16
[95% CI, RR=1.02-1.31]). They also
found that a higher frequency of
night shifts (>10/month) was associ-
ated with an increased risk of CMM
(OR=1.19 [95% CI, RR=1.06-1.34]),
which was more pronounced for
>10/month in combination with a
morning chronotype or <7 hours or
>8 hours of sleep duration (OR=1.26
[95% CI, RR=1.02-1.56]; OR=1.43 [95%
CI, RR=1.19-1.72]. They also found
that night shift work was associated
with a higher risk of CMM in patients
with hypertension?.

Wong et al. investigated the relation-
ship between shift work and cardio-
vascular diseases (CVD) to identify
potential gaps in the current knowl-
edge and highlight areas for future
research. Hypertension, diabetes,
and a sedentary lifestyle are known
risks for CVD, and the results of this
study suggest that shift work should
be added to that list. Elevated inflam-
matory markers and DNA damage in
shift workers may be related to their
increased progression of atheroscle-
rosis and the positive association of
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shift work with coronary artery dis-
ease. There are few studies on miti-
gating approaches for CVD associ-
ated with shift work, such as dietary
modification or exercise, highlight-
ing the need for further focused re-
search in this area?.

In our study, according to the anam-
nestic data, cardiovascular diseases
and hypertension (18.3%), muscu-
loskeletal (6.7%) and endocrine and
metabolic diseases (8.3%) predomi-
nated among the subjects, while oth-
er diseases occurred less frequently.
The frequency of cardiovascular dis-
eases in subjects who worked night
shifts compared to those who did not

work night shifts was significantly
higher.

The study by Gao et al. evaluated the
association between shift work and
the risk of type 2 diabetes. The re-
sults of the meta-analysis showed
that shift work was associated with
an increased risk of type 2 diabetes
(OR=1.10, 95% CI, RR=1.05-1.14). Sub-
group analyses showed that shift
workers had an increased risk of
type 2 diabetes, while healthcare
workers had the highest risk com-
pared to clerical and manual work-
ers, and night shift and rotating
shift work were associated with an
increased risk of type 2 diabetes. A
dose-response meta-analysis based
on three groups among female work-
ers showed that there may be a posi-
tive association between the dura-
tion of shift work and the risk of type
2 diabetes. The authors concluded
that shift work was associated with
an increased risk of type 2 diabetes.
Among female workers, the prolon-
gation of years of exposure to shift
work appeared to increase the risk
of type 2 diabetes (P=0.043)%.



The frequency of diabetes in our
study was higher among subjects
who worked night shifts (5%) com-
pared to those who did not work
night shifts (3.3%), but the difference
was not significant (P=0.648).

Shift work can lead to adverse health
effects, including gastrointestinal
disorders. A study by Somayeh Rahi-
mi-Moghadam et al. aimed to com-
pare the prevalence of gastrointes-
tinal disorders among day nurses,
shift nurses, and office workers at
the University of Medical Sciences in
Kerman, Iran. This cross-sectional
study was conducted in 2011, with
the participation of 159 hospital
nurses and 167 office workers at the
same university. The results showed
that anorexia (P=0.0001), dyspep-
sia (P=0.002), nausea (P=0.001), and
hiccups (P=0.003) were more preva-
lent among shift workers. The re-
sults also showed that the preva-
lence of anorexia (P=0.02), gastric
ulcer (P=0.04) and dyspepsia (P=0.02)
was higher in nurses with irregular
shift work than in those with regu-
lar shift work. Among demographic
characteristics, gender was associ-
ated with nausea (P=0.004), and nau-
sea was more prevalent in women
(OR=4.3, 95% CI: RR=1.7-6.3). Also,
older age was associated with dys-
pepsia (P=0.02). Gastrointestinal dis-
orders were more common in shift
workers. It was recommended that
more capable and qualified nurses
should be selected for shift work to
cope with these adverse effects of
shift work?29.

Pietroiusti et al. investigated wheth-
er shift work was associated with an
increased rate of peptic ulcer in H.
pylori-infected workers. A total of
247 day workers and 101 night shift

workers were included. The preva-
lence of duodenal ulcer was signifi-
cantly higher in night shift workers
than in day shift workers (OR = 3.92,
95% CI RR =2.13 to 7.21). The authors
concluded that shift work increased
the ulcerogenic potential of H. pylori
infection and should be considered a
risk factor for duodenal ulcer in in-
fected shift workers. Treatment of
the infection in this high-risk group
may improve workers’ health and
may reduce the economic impact of
peptic ulcer°.

In the current study, according to
the anamnestic data on the presence
of certain diseases and conditions in
examined subjects, the frequency of
digestive system diseases was 3 (%).
The frequency of gastrointestinal
tract diseases was higher in subjects
who also worked night shifts (8.3%)
compared to those who did not (5%),
but the difference was not statisti-
cally significant (P=0.464).

It is clear that the acute and chronic
effects of shift work can have a di-
rect impact on health and well-being
of the worker, as well as an indirect
effect by the inability to work with
poor health. In terms of workplace
safety policy, the burden that night
and shift work impose on organiza-
tions creates a need to establish a
policy for the proper organization
and management of shift work and
especially night work. Policies and
programs for the adequate sched-
uling and engagement of workers
who work night shifts should pro-
mote the prevention, reduction and
management of problems associated
with night work. Health profession-
als should try to understand the em-
ployer’s policy on the organization of
work and shifts, as well as the sup-
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port available to employees, in the
interest of preserving and promot-
ing health and safety at work.

The current study has some limita-
tions. First of all, the study included
a relatively small number of subjects
and their distribution in individual
job positions was not even, which
may have affected the obtained re-
sults. Furthermore, the total sam-
ple was obtained from one hospital,
which may lead to self-reporting
bias and data generalizability. Also,
data on the impact of night work on
health and work ability among ex-
amined subjects were based mainly
on the questionnaire without quali-
tative and quantitative assessment.
Finally, the cross-sectional design of
the study may be addressed as a limi-
tation.

Conclusion

The results obtained in this study
have clearly shown that night work
has negative effects on health and
working capacity of healthcare
workers; indirectly reduces work
efficiency, which, in turn, has re-
percussions on patients’ health. In
order to reduce the risks that arise
during night work on health and to
reduce the work capacity of health-
care workers, on one hand, and to
preserve and improve the health
status and working capacity, on the
other hand, a cooperation between
workers, employers and the union
is recommended. It is also necessary
to increase the motivation and en-
gagement of workers in preserving
and improving their health, as well
as promoting the culture on preven-
tion of harmful effects of night work.
Continuous monitoring of health
status and working ability of employ-
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ees is required through timely im-
plementation of periodic preventive
health examinations, while the work
process should be organized in such
a way as to avoid, as far as possible,
overtime work by night workers be-
fore or after the daily work period
that includes night work. Full coop-
eration among workers, employers
and trade unions is needed to im-
prove safety, health and well-being
at work, together with stronger coop-
eration and exchange of experiences
with state institutions in planning
and promoting efforts to improve
health and safety of workers through
dialogue with employers. Regular ex-
ercise, avoidance of unhealthy foods,
smoking, and a good night’s sleep in
a quiet and dark room after night
work are recommended. The specific
restrictions for night workers should
be duly taken into account by health
authorities, other institutions and
employers within the framework of
measures to encourage training and
qualification, as well as cultural,
sport and recreational activities for
night workers.
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Abstract

The demographic condition of the aging population in Indonesia is accompanied by an increased risk
of mortality and morbidity, which is exacerbated by multimorbidity, defined as the existence of two
or more chronic diseases in older adults. This has a wide impact on their health, including physical
and psychological effects on the family as well as significant economic impact on the government
due to the soaring health insurance expenditures. This study aimed to discover multimorbidity-
related factors, such as socio-demographic characteristics, behavior, and social environment. This
research is an observational analysis with a case-control study design and purposive sampling
technique comprising 75 cases and 75 controls. Data were taken using a questionnaire with
interview techniques and analyzed by multiple logistic regression. The multivariate analysis showed
seven variables significantly related to multimorbidity: physical activity (p = 0.016), BMI (p = 0.020),
age (p = 0.011), family history (p = 0.005), smoking status (p = 0.012), sleep quality (p = 0.017), and social
interaction (p = 0.007). The sleep quality variable had the most significant effect on the incidence
of multimorbidity in older adults, with OR= 8.445. Education for behavior change needs to focus on
behavioral factors that can be altered, such as improving sleep quality accompanied by increased
physical activity, quitting smoking, maintaining an ideal weight, and encouraging older adults to be
active in social activities to enhance their quality of life.

NOWwnOT KBANIMTET HA CINMUEHE 3HAYUTENIHO NMPUOOHECYBA 3A
MOJABA HA MYNITUMOPBUIUTET KAJ NMOCTAPATA NMOMYNALUJA

Appja Pupa MpaHanga Cuarnjan MyTput, Epnun JTuctnjanmnHrcmxt, Xenna KycyH?
1 YHueepsuliet Myxamagujax pocp. [IP. Xamka, Llakapiia, MHgoHesuja
2 YHueepsulieli Myxamagujax [Tpocp. /IP. Xamka; SEAMEO Peéuoraner yeHap 3a xpaHa u ucxpaHa (RECFON), Llakapia,

VIHgoHesuja

Hurupame: [Tyrpu APTIC, Jluctujannnrenx E, Ky-
cyn X. Jloumor KBanTeT Ha Crivierse 3HAuMTeTHO
TIPUJIOHeCYBA 3a TojaBa Ha My/ITHMOPOVINTET Kaj
nocrapara romnynamuja. Apx ] 3zpasje 2025:17 (2)
54-69.

doi.org/10.3889/aph.2025.6552

Kiyurm 360poBu: MynTHMOPOUIUTET; TOCTAPH
BO3DACHN; TIPeJMKTOPH; KBAJIUTET Ha JKMBOT;
KBaJIUTET Ha CIIiere.

*Kopecnongennuja:

Epmun Jluctujannnrenx, Yuusepsuter Myxama-
mujax TTpod. JIP. XAMKA, ITakapra, MHpoHesuja.
E-niomrra: erlin.soedarmo@uhamka.ac.id
IIpumeno: 20-yn-2025; PeBumupano: 22-cen-2025;
Tpudareno: 30-cer-2025; O6jaBeno: 30-1ek-2025
Ievarapcku mpaa: ©2025 Appja Pupa [1paHan-
na Cuarnjan [1yrpu, Epnnn Jluctujannrenx, Xen-
na Kycyn. OBaa cratuja e co OTBOpeH MpucTar
JcTpuOyMpaHa TIoj| YCTIOBUTE Ha HEJOKAM3H-
paHa JIIeHIa, Koja OBO3MOKYBA HeorpaHuueHa
yrorpeba, JMCTPUOYIMja M PENpofiyKija Ha
Ous0 Koj MeiuyM, JIOKOJIKY Ce LUTUpaa TOPUIH-
HajHUOT(1Te) aBTOP(11) M U3BOPOT.

KoHKypeHTCKH MHTepecH: ABTOPOT W3jaByBa
Jleka HeMa KOHKYPEHTCKH HTEPecH.

54

VisBamok

[llemorpadckara coctojda Ha crapute il Bo VHI0He3Mja e NpUpyKeHa co 3rojieMeH PUsKK off
MOPTA/IUTET 1 MOPOUTIUTET, IONOJTHUTEITHO BIONIEHA Off MyTTUMOPOUIUTET, OJTHOCHO TIOCTOEHETO Ha
JIBe WK MOBEKe XPOHMUHM 3a00/1yBatba Kaj octapute Bo3pacHu uia. Toa nMa roieMo BujaHue Bp3
3/IpaBjeTo Ha MoCTapuTe BO3PACHM JIMIA, BKIYUYBAJKU T (DU3MUKKTE U MCUXOMOMKUTe eDeKTH BP3
CeMejCTBOTO, KaKo 1 KOHOMCKOTO BJIMjaHue B3 B/iaJiaTa Nopajiu 3roieMeHuTe CpejicTBa 3a 37]paBCT-
BEHO OCUTypyBame. L]enTa Ha oBaa cTy/uja Oeliie /la ce OTKPUjaT (haKkTopuTe TIOBP3aHK CO MyNTUMOP-
OupuTeT, KaKo 1To ce cotozieMorpadckuTe KapakTepUCTUKY, OJIHECYBABETO U COIjaiHaTa Cpe-
miHa. Marepujam 1 MeToin: Belile cripoBesieHa efieH BUJT OTicepBaIiioHa CTy/ija Koja BKIyJyBalie
NIPUMEPOK Off 75 MCIUTAHUIIM - CIIYYau 1 75 UCIUTAHUIIM ~ KOHTPOJTHH jutia. [Tofiatorute Oea 3emeHu
€O TIOMOIIT HA MpAaNIaTHIK ¥ WHTEPB]y CO MCIMTAHMIMTE, a TI0TOA aHATM3MPAHK CO MOBEKeKpaTHa
JIOTUCTHYKA perpecuja. MynTuBapujaHTHATA aHAIM3a MOKaXKa Jieka cefiyM Bapujabiu Gea 3HauajHO
TIOBP3aHH CO MyITUMOPOUAUTETOT: hrsnuKa akTiBHOCT (p = 0,016), BMI (p = 0,020), Bospacr (p = 0,011),
cemejHa ncropyja (p = 0,005), craryc Ha nyiere (p = 0,012), kBanuTeT Ha crierse (p = 0,017) u corpjan-
Ha unTepakimja (p = 0,007). KBaquTeToT Ha CriMemeTo uMallle HajsHauaeH ebekT Bp3 MHIMEHIMjaTa
Ha My/ITUMOPOMIMTET Kaj rocTapuTe BospacHH juia, co OR = 8,445, MHtepBeHimuTe Tpeba fa ce do-
Kycupaar Ha (hakTopuTe Ha OJIHECYBatbe IITO MOKAT /la ce MPOMEHaT, Kako IITo ce Tofo0pyBame Ha
KBAJIUTETOT HA CTIMEETO MPUJIPYKEHO €O 3roieMeHa (hr3nuKa aKTUBHOCT, OTKAKYBAbE Of] MylIeke,
O/IPKYBAbE HIleaHa TeKMHA M 0XpabpyBatbe Ha MOCTAapUTe BO3PACHM JHIIA la OWIaT aKTHBHH BO
OTIIITECTBEHUTE AKTUBHOCTH 3a J1a TO T07]00pAT KBAJIUTETOT HA CBOjOT JKUBOT.



Introduction

The increasing life expectancy is a
sign of the success of development in
Indonesia, and it presents new chal-
lenges in the form of a growing el-
derly population, which has become
a global trend experienced by many
countries in the world, including In-
donesia. The number of the world’s
population aged 60 years and older is
expected to increase from 1.4 billion
in 2020 to 2.1 billion by 2050.!

The growing elderly population is
directly proportional to increased
health risks, considering the decline
in bodily functions that accompanies
older adults. Based on data from the
2023 Health Statistics Profile, older
adults are most vulnerable to health
problems. A total of 41.49% of old-
er adults experienced health com-
plaints during the 2021-2023 period,
which had implications for a decline
in the quality of life, reflected in the
proportion of 19.72% of older adults
who experienced difficulties in car-
rying out daily activities.?

This condition is exacerbated by
multimorbidity, which is simultane-
ous appearance of various chronic
or acute diseases and medical condi-
tions in one person.® Literature stud-
ies indicate that the prevalence of
multimorbidity in older adults rang-
es from 30.7% to 57%.* Globally, the
highest prevalence of multimorbid-
ity has been found in South America
(50.1%), while the lowest prevalence
was observed in Africa (28.2%).5

Although data related to multimor-
bidity studies in Indonesia is still lim-
ited, the latest study by Mathias et
al. in 2021 showed that respondents
aged 50 years and older in Indonesia
had a multimorbidity prevalence of

22% based on data from the Indone-
sia Family Life Survey (IFLS) in 2014.6
In addition, a study by Nurinayah et
al. in Bandung found that 166 older
adults or 40.9% suffered from multi-
morbidity.’

The high prevalence of multimorbid-
ity in the elderly has consequences
in the form of a higher risk of death,
greater need for health services with
large costs, a decrease in productiv-
ity, and a low quality of life.>®

The low quality of life after the on-
set of a disease will affect the level of
independence in caring for oneself,
the low ability to meet physiological
needs and adjust to lifestyle changes
as well as the low level of medication
adherence.? This condition also bur-
dens families and caregivers because
older adults tend to depend on get-
ting help in carrying out daily activi-
ties.

The government also feels a large im-
pact related to the loss of Indonesia’s
National Health Insurance system,
known as BPJS program due to the
high cost of handling chronic diseas-
es. More than 43% of Indonesia’s Na-
tional Health Insurance (BPJS) users
who go to the hospital are identified
with chronic multimorbidity.°

Non-communicable diseases account
for around 60% of the total expendi-
ture on health insurance programs
in Indonesia.® The synergistic effects
of multimorbidity create an urgent
need for wider access to specialist
services for more in-depth biomedi-
cal examinations, appropriate treat-
ment, and comprehensive care."

Based on the Indonesian National
Socio-Economic Survey, according
to the type of health expenditure,
the largest proportion is used for
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medical or curative service costs, ac-
counting for approximately 68.15%
of the total monthly health expen-
diture. In comparison, the cost of
preventive services is around 17.54%
of the total health expenditure for a
month and the rest is used for drug
costs of 14.32%.2 Therefore, the BPJS
program is not currently able to ful-
ly finance (100%) the treatment of
chronic diseases.

Factors that have been confirmed
to affect the high risk of suffering
from multimorbidity are female
gender, old age, high socioeconomic
level, overweight, family history of
non-communicable disease, older
adults who are married, including
widows/widowers, unemployed in-
dividuals, and those who live in ur-
ban areas. The high prevalence of
multimorbidity events is also due to
behavioral risk factors such as lack
of fresh fruit consumption, smoking
and alcohol consumption, poor sleep
quality, lack of physical activity and
low medication adherence.*'

The health profile of the Pancoran
Mas Community Health Center in
2022 showed that only about 42% of
the total 9,216 elderly population had
taken part in health screenings.16
This figure indicates a considerable
number of older adults whose diseas-
es have not been detected. In addi-
tion, a preliminary study found that
9 out of 15 older adults experienced
multimorbidity. However, there is no
accurate data on the prevalence of
multimorbidity in older adults in the
region, an obstacle to better health
service planning.

A data gap regarding multimorbidity
in older adults in Indonesia, especial-
ly in the Pancoran Mas Community
Health Center area is a strong basis
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for researchers to conduct further
studies. This study aimed to uncover
the risk factors associated with mul-
timorbidity in older adults so that it
can be the foundation for developing
more effective interventions.

Materials and methods

This is an observational analytical
study with a case-control design. It
was conducted in the working area
of the Pancoran Mas Community
Health Center in Depok City, which
covers 2 (two) sub-districts - Depok
Sub-district and Pancoran Mas Sub-
district, and was conducted in June
2024. The population included were
older adults aged 60 years and above
who had been recorded as having
received treatment in the Pancoran
Mas Community Health Center work-
ing area during the research period.
Meanwhile, respondents were di-
vided into case groups, and controls
were taken from elderly patients who
came for treatment in the working
area of the Pancoran Mas Communi-
ty Health Center during the research
period. The case group comprised
older adults who suffered from mul-
timorbidity based on the disease di-
agnosis made by a physician within
the previous 6 months, while the
control group included older adults
who did not suffer from multimor-
bidity, either being disease-free or
having only one type of disease.

The study samples were taken using
purposive sampling. A total of 150
respondents consisted of 75 people
in the case group and 75 people in
the control group. The number of
samples was calculated using the
two-proportional difference hypoth-
esis formula to detect differences in
exposure in cases with multimor-



bidity and non-multimorbidity. Data
was collected using face-to-face in-
terviews and questionnaires for 20-
25 minutes.

The dependent variable in this study
was multimorbidity, while the in-
dependent variable included three
aspects - sociodemographic char-
acteristics (age, gender, family his-
tory, occupation, marital status and
body mass index), behavioral factors
(smoking status, sleep quality, physi-
cal activity and risky diet), and social
environmental factors (family sup-
port, living arrangement and social
interaction). Multimorbidity was as-
sessed based on respondents’ self-
reports identifying several chronic
diseases among elderly individuals di-
agnosed by a physician within the last
6 months, without additional exami-
nations conducted by the researcher.
Ten chronic diseases were the focus
of the research: hypertension, diabe-
tes mellitus, gastroenteritis, hyper-
cholesterolemia, arthritis, coronary
heart disease (CHD), asthma, chron-
ic obstructive pulmonary disease
(COPD), stroke and depression.

Sleep quality variables were mea-
sured using a leaned questionnaire,
Pittsburgh Sleep Quality Index
(PSQI), and the physical activity vari-
able was measured using a question-
naire, Physical Activity Scale for the
Elderly (PASE). Next, the data were
analyzed by chi-square and multiple
logistic regression tests with a sig-
nificance level of p = 0.05 and a confi-
dence level of 95% CI. Data were pre-
sented in both tabular and narrative
form. The study was approved by the
Medical and Health Research Ethics
Commission, University of Muham-
madiyvah Prof. DR. Hamka, with the
number KEPKK/FK/054/04/2024.

Results

Sociodemographic characteristics
are shown in Table 1. The study re-
sults showed that the majority of re-
spondents were aged 60-69 (63.3%);
there were 70.7% of females, 56.7%
had no family history of illness,
62.7% were unemployed), 53.3% were
married, and 52% had an abnormal
BMI.

Table 1: Sociodemographic characteristics of the study population

Characteristics
Age
> 70 years
60-69 years old
Gender
Woman
Man
Family History
Yes
No
Work
Not Working

n=150 %
55 36.7
95 63.3
106 70.7
44 293
65 433
85 56.7
94 62.7
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Work

Marital Status
Single/Divorce/Widow/Widower
Married

Body Mass Index (BMI)
Abnormal

Normal

56 373
70 46.7
80 53.3
78 52
72 43

Source: Primary Data, 2024

The prevalence of 10 chronic NCDs is
shown in Table 2. Older adults who
were affected by multimorbidity had
2 to 6 types of diseases, with the
most frequent co-occurrence being
4 and 5 types of diseases (16%). The
top three chronic NCDs experienced
by most respondents were hyperten-

sion (68.7%), diabetes mellitus (43.3%)
and gastroenteritis (39.3%). The com-
bination of hypertension and arthri-
tis was most commonly found in
older adults studied. However, about
48.7% of respondents presented with
a single chronic disease, and 1.3% re-
ported no specific chronic disease.

Table 2: Prevalence of chronic NCDs in older adults

Chronic NCDs
Hypertension
Diabetes Mellitus
Gastroenteritis
Hypercholesterolemia
Arthritis
Coronary Heart Disease (CHD)
Asthma
Chronic obstructive pulmonary disease
Stroke
Depression

Number of Chronic Diseases

g 5 NN PO

n %
103 68.7
65 43.3
59 393
58 38.7
56 373
32 213
11 73

3.3
2.7
2

2 1.3
73 48.7

4 2.7
13 8.7
24 16
24 16

*NCD= Non-Communicable Diseases
Source: Primary Data, 2024




Table 3 shows that the majority of
older adults with multimorbidity
were aged =70 vears (52%), female
(80%), had a family history (61.3%),
were unemployed (74.7%), had no
partner (single, divorced, widow/
widower) (57.3%), had abnormal BMI
(68%), smoked (58.7%), had poor sleep
quality (64%), inadequate physical ac-
tivity (93.3%), risky diet (89.3%), poor
family support (84%), lived with fam-
ily (76%) and had poor social interac-
tion (57.3%).

Furthermore, Table 3 shows that
factors related to multimorbidity
included age (p < 0.001), gender (p =
0.020), family history (p < 0.001), oc-
cupation (p = 0.004), marital status
(p = 0.014), body mass index (BMI) (p
< 0.001), physical activity (p < 0.001),
smoking status (p = 0.003), sleep qual-
ity (p = 0.009), risky diet (p < 0.001),
family support (p = 0.006), and social
interaction (p < 0.001). However, no
significant relationship was found
between living arrangements and
multimorbidity in older adults.

Table 3: Relationship between multimorbidity and sociodemographic,
behavioral and social environment characteristics

Multimorbidity Total OR val

Variable Yes No pvalue | € (953/2%11)1 ¢
n | % | n | % | n | %

Age
>70 years 39 52 16 | 21.3 | 55 | 36.7 0,001 3.995
60-69 years old 36 | 48 [ 59 [ 787 (95633 ] (1.955 - 8.161)
Gender
Woman 60 | 80 | 46 | 613 [106] 707 | 2529
Man 5 [ 20 |29 [387]44|293] " (1213 -5.244)
Family History
Yes 46 | 61319 [253]65 [433 | 4.675
No 29 [387|56 7478 [567]| (2.327-9.593)
Work
Not Working 56 | 77|38 |507]94] 627 2870
Work 19 [253]37 (49356373 (1440 - 5.720)
Marital Status
Single/Divorce/Widow/ Widower | 43 | 573 | 27 | 36 | 70 | 467 0014 2.389
Married 32 [47]48 ] 64 |80 [533] (1258 - 4.608)
Body Mass Index (BMI)
Abnormal 51168 127|362 | o 3778
Normal 24 | 32 |48 | 64 | 72| 48 ' (1.921 - 7.431)
Smoking Status
Yes 44 | 587 125 [ 333169 ] 46 | 2839
No 31 | a3(50 (667|810 54 | (1460 - 5.518)
Sleep Quality
Poor 8 ] 64 |31 M3 79]57 ] o0 9523
Good 27 | 36 [ 44 |587| 7413 (1306 - 4.874)
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Physical Activity

Poor 70 | 93334 |453 (104693 | 16.882
Good 5 | 67 | 41547 46 | 307 ' (6.119 - 46.576)
Risky Diet

Not Good 67 89345 ] 60 |12 | M7 | 5583
Good 8 (107 |30 | 40 | 38| 253 | (2.347-13.281)
Family Support

Not Good 65 | 84 | 47 | 627 10|73 | o 3128
Good 12 |16 |28 (37340267 (1.441 - 6.786)
Living Arrangement

Living Alone 18 |24 [ 1 [u7]2/[03| . 1.837
Living with Family 57 | 76 | 64 [ 83|11 ]807 | (0.801 - 4.216)
Social Interaction

Poor s [S53 |13 [m3]s6[33) oo 6.409
Good 32 (4762|8794 627 7 [(3.019 - 13.606)

*cOR = Crude Odds Ratio, Source: Primary Data, 2024

Table 4 presents logistic regression
results for multimorbidity. Sociode-
mographic characteristics were in-
cluded in modelling 1; it was found
that family history was the most
dominant risk factor, where the
presence of family history with simi-
lar health conditions significantly
increased the likelihood of a person
being multimorbid 5 times (OR =
5.194; 95% CI = 2.259 - 11.94). Further-
more, individuals aged 70 years or
older had a significantly higher risk
of developing multimorbidity than
those aged 60-69 years (OR = 3.667;
95% CI = 1.530 - 8.787). Similarly, in-
dividuals with an abnormal BMI had
a significantly higher risk of develop-
ing multimorbidity than those with
normal BMI (OR = 3.318; 95% CI =
1.469 - 7.494). Factors such as gender,
occupation and marital status did
not significantly affect model 1.

Behavioral factors in model 2 showed
that, in addition to being physically
inactive as the most influencing fac-
tor for multimorbidity (OR = 9.746;
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95% CI = 3.346-28.385), other behav-
ioral factors such as poor sleep qual-
ity (OR = 5.639; 95% CI = 1.951-16.300),
smoking status (OR = 4.613; 95% CI
= 1.588-13.400), and risky diet (OR =
4.493; 95% CI = 1.635-12.349) signifi-
cantly contributed to the incidence
of multimorbidity in older adults.

In model 3, social environmental
factors were included in the analy-
sis. The results showed that lack of
family support and poor social inter-
action was significantly associated
with an increased risk of multimor-
bidity by three times and six times,
respectively, compared to older
adults with good family support and
social interaction (OR family support
= 3.157; 95% CI = 1.348-7.397 and OR
social interaction = 6.305; 95% CI =
2.875-13.828). The living arrange-
ment factor was not significantly re-
lated.

In addition, model 4 combined so-
ciodemographic, behavioral and
social environment characteristic



factors that were analyzed simulta-
neously. Multivariate final modelling
in model 5 showed that the variables
related to multimorbidity were phys-
ical activity, BMI, age, family history,

smoking status, sleep quality and
social interaction. Sleep quality was
the most dominant variable influ-
encing multimorbidity (OR = 8.445;
95% CI 1.4 - 47.03).

Table 4: Multivariate regression analysis of factors associated with
multimorbidity in older adults

Model 1 Model 2 Model 3 Model 4 Model 5
Factors
p | aor©s%c) | p | aorsucn | p | aor@suen | p | aor@sxcn | p | aor(95%c)
Sociodemographic
Characteristics
3667 4709 4958
Older Age 00041 1530 - 8.787) 0016 1 1336 -16509) | “OM | (143617017
1.969 2666 2769
Gender (Woman) 0191 (0,839 - 4.620) 0271 0561-12659) | *19 | (0594 - 12.899)
o 5194 5664 1607
Have a Family History | 0000 | ) )5q "4, oy 0006 [ 665-19.271) | %9% | (0.431-35901)
. 1971 1261
Not Working 0122 1,835 - 4656) 0707 os77-aa) |/ /
, 2196 1534 1607
Not Married 0063 1 1,958 - 5.031) 05311 0400-5818) | %80 | (0.431-5901
3318 4161 4057
Abnormal BMI 0004 11 469 - 7494) 0019 1 126813661 | %20 | (1249 - 13.175)
Behavioral Factors
) 4613 5776 5982
Smoking 000511 585~ 1340) 0B 14 w3 - 23607 | OO | (1.477-24230)
. 5639 8.503 8.445
Poor Sleep Quality 0001 951 - 16.300) 00171 461 - a9.479) | OO | (1a72- 48.443)
: . 9746 4906 5.085
Poor Physical Activity 0.000 (3.346 - 28.385) 0.019 (1300 - 18.514) 0.016 (1361 - 18.998)
L 4493 3513 3404
Risky Diet 0004 1y 635 - 12.309) 0078 1 0871 - 1417 | %% | (0.855-13.553)
Social Environmental Factors
. 3157 1.906 1.979
No Family Support 0008 11245 _7307) | O3 | (0.485-7496) | %3 | (0510-7685)
y 1.269 3.483 3231
Living Alone 0629 1 0483 -3335) | %1% | (0.505-20385) | %1% | (0.577-18081)
. . 6305 4972 4788
Poor Social Interaction 0.000 (2875 - 13.828) 0.007 (1565 - 15797) 0.007 (1542 - 14.864)

Source : Primary Data, 2024, *aOR = Adjusted Odds Ratio, p = p-value.

Logistic Regression Equation (Y) = a+h1x1 +h2x2+.....+bnxn
Multimorbidity = -24,630 +1,626 Poor Physical Activity + 1,400 Abnormal BMI + 1,601 Older Age + 1,789
Have a Family History + 2,134 Poor Sleep Quality + 1,566 Poor Social Interaction + 0.474 Not Married +
0.683 No Family Support + 1,018 Gender +1,173 Living Alone + 1,225 Risky Diet

Discussion

Pancoran Mas Community Health
Center is an urban health center lo-
cated in Depok City. It is very stra-
tegically located and closest to the

center of Depok City, so it has be-
come a community treatment cen-
ter and has wide coverage, especial-
ly in providing health services for
older adults. This study found that
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older adults in Pancoran Mas Com-
munity Health Center work area
in Depok City were mostly women,
predominantly in the young elderly
groups (60-69 years old) and lived
with their family or a partner rath-
er than alone.

This data is supported by the 2019
national data on sociodemographic
conditions of the elderly popula-
tion in Indonesia in general, where
the proportion of female elderly
(5%) was greater than that of male
elderly (4.6%) so that the life expec-
tancy of female elderly was higher
than that of men. In addition, based
on age groups, older adults in In-
donesia were predominantly in the
young elderly groups aged 60-69
years (63.82%) compared to the el-
derly group aged 70 years and above.
Then, based on residence status,
most older adults lived with their
families, partners, children, and
grandchildren (40.64%) compared
to a smaller proportion who lived
alone (9.38%).7

Based on the demographic structure,
Indonesia is experiencing a transition
period towards an aging population
structure, which has caused a shift in
disease patterns, marked by a decrease
in cases of infectious diseases and an
increase in cases of non-communica-
ble diseases that require attention. The
incidence of NCDs in 2017 accounted
for 55.3% of the disease burden in older
adult group in Indonesia.’

Then, national data from 2019 in-
dicated that around 51.1% of older
adults experienced health com-
plaints, and 26.2% experienced ill-
ness.”” This situation becomes even
more concerning with the existence
of several chronic diseases or multi-
morbidity in older adults.
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In this study, hypertension was the
most frequently reported disease
related to multimorbidity, as it was
often accompanied by one other
chronic condition. The combination
of hypertension with cardiovascular
disease, stroke, digestive diseases,
hyperlipidemia, diabetes, and arthri-
tis is a common condition in multi-
morbidity.®® Similar findings were
reported in previous studies illus-
trating that older adults suffer from
top three diseases - hypertension
(45.2%), diabetes mellitus (32.2%),
and arthritis (29.5%).12

The results of the final modeling of
multiple logistic regression revealed
that physical activity, BMI, age, fam-
ily history, smoking status, sleep
quality, and social interaction were
related to multimorbidity. These re-
sults are similar to previous stud-
ies.

Age was significantly associated with
multimorbidity. Similar findings
presented in other studies found a
relationship between age factors and
the incidence of multimorbidity (p <
0.05).131920 [ndividuals aged 70 years
or older were at a higher risk of de-
veloping multimorbidity or experi-
encing two or more chronic condi-
tions simultaneously (OR= 1.46; 95%
CI =122 -1.74).4

The increasing prevalence of mul-
timorbidity goes hand in hand with
the advancing age.?’ With a tendency
to live longer, it means that individu-
als are more likely to develop chronic
diseases due to prolonged exposure
to risk factors such as an unhealthy
lifestyle that accumulates over time
and damages organs and body sys-
tems so that disease arises.??

However, the study by Pereira et al.
(2023) shows that younger people also



experience a high prevalence of vari-
ous health conditions.?’ Therefore,
multimorbidity treatment should
begin from younger age rather than
focusing only on older adults.

Furthermore, the family history
variable was significantly associat-
ed with multimorbidity (OR= 5.730;
95% CI: 1.688 - 19.442). In line with
the findings of Chen et al. in 2022,
family history is considered the most
significant risk factor for multimor-
bidity (OR: 2.22; 95% CI: 1.73-2.86).
Individuals with a family history of
hypertension and diabetes are at
higher risk of suffering from similar
diseases than those without a history
of these diseases.?> Family-inherited
genetic factors can increase suscep-
tibility to developing some chronic
diseases and contribute to the exis-
tence of multimorbidities.??

This study also showed that the BMI
variable was significantly related to
multimorbidity (p-value =0.020; OR=
4.057; 95% CI: 1.249 - 13.175). This
study’s results align with previous
research, which stated a positive
relationship between BMI and mul-
timorbidity (p-value < 0.05).24-26 An
unhealthy lifestyle, reflected in high
BMI outcomes, results in developing
chronic conditions such as cardio-
vascular disease, diabetes, and respi-
ratory problems.?? Moreover, over-
weight is a common phenomenon in
urban areas today, where unhealthy
diets and lifestyles supported by easy
access to processed foods and the
lack of public spaces for exercise
are the main driving factors for ur-
ban residents. So, overcoming BMI
through lifestyle modifications such
as dietary changes and increased
physical activity can help prevent
and manage chronic diseases.

Furthermore, smoking status was
statistically significant in relation to
multimorbidity, where elderly smok-
ers were almost 6 times more likely
to experience multimorbidity than
non-smokers (OR= 5.982; 95% CI:
1.477 - 24.230). This is consistent with
several other studies that reported
a significant association between
smoking status and the incidence of
multimorbidity (p < 0.001).20.27.28

Smoking status is associated with a
higher risk of multimorbidity, sug-
gesting the negative impact of smok-
ing on health because smoking weak-
ens the immune system and inhibits
the body’s ability to heal and fight
infections, making it more suscep-
tible to developing multiple chronic
diseases simultaneously.?

The results of this study indicated
that the sleep quality variable was
the most dominant variable that af-
fected the incidence of multimorbid-
ity (p-value of 0.017). Respondents
who had poor sleep quality were
8.445 times more likely to experience
multimorbidity than those who had
good sleep quality (OR=8.445; 95% CI
1.472 - 48.443). Similar findings were
reported by Xue et al. in their 2022
study in China, which showed that
sleep quality was the most dominant
factor influencing multimorbidity
(OR = 2.445; 95% CI: 2.043-2.927).%

Moreover, the study area is classified
as the social status of urban commu-
nities with more crowded and busy
social activities until late into the
night. This may be one of the con-
ditions that affect poor sleep qual-
ity among people in urban areas.
Meanwhile, a study of regions with
different population characteristics
in rural areas in Tiongkok, showed
that poor sleep quality significantly
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affected multimorbidity (OR = 2.15;
95% CI: 1.59-2.92). Most rural resi-
dents are involved in agricultural
activities daily, especially if there
is busyness during the harvest sea-
son, which requires them to wake up
early and stay up late, thus reducing
sleep time and negatively impacting
the health of older adults.”

Individuals with poor sleep quality
had a 1.39 times higher risk of de-
veloping two chronic diseases, 1.56
times higher risk for three chronic
diseases, and 2.36 times higher risk
for four chronic diseases.’® This
shows that the more chronic diseas-
es a person suffers, the higher the
risk of sleep disorders. Older adults
with sleep problems were 34% more
likely to have a vascular-metabolic
multimorbidity pattern, 62% more
likely to have a cardiopulmonary
pattern, 64% more likely to have a
musculoskeletal multimorbidity pat-
tern, and 88% more likely to have co-
existing multimorbidity patterns.3!

Studies on aging in Canada show
that the risk of multimorbidity in
both men and women of various age
groups is higher in individuals who
report poor sleep patterns in the
form of too short or too long sleep du-
ration, as well as dissatisfaction with
sleep quality.’? According to a study
by Lin Yawen et al. in 2022, multi-
morbidity is more common in peo-
ple with shorter (less than 7 hours)
and longer (more than 9 hours) sleep
duration at night while people with
an ideal night’s sleep duration of
between 7 and 9 hours have a lower
prevalence of multimorbidity.?

Poor sleep quality can trigger chang-
es in autonomic activity, appetite
regulation, and inflammation, all
linked to chronic diseases.’® Poor
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sleep quality negatively impacts hap-
piness and quality of life because
older adults who experience poor
sleep quality are more susceptible to
negative emotions, such as anxiety,
depression, and the inability to cope
with stress effectively.’>3

On the other hand, there is a recip-
rocal relationship that shows how
sleep quality and a person’s chronic
condition can worsen each other.
Multimorbidity also increases the
risk of poor sleep quality; for exam-
ple, individuals with multimorbidity
who have to take a lot of medication,
have the potential to experience
negative side effects on their sleep
duration.®

Furthermore, in diabetics, it can
also cause sleep disorders such as
excessive thirst and frequent urina-
tion at night, as well as hormonal
system disorders that can cause dif-
ficulty sleeping. Lack of sleep can
increase the risk of diabetes be-
cause it causes insulin resistance.*
Therefore, good sleep management
should be an integral part of the
care of multimorbidity patients. By
providing the right education and
interventions, primary health care
can help patients cope with sleep
disorders and improve their overall
quality of life.

This study also showed that physical
activity was significantly associated
with multimorbidity (OR= 5.085 95%
CI: 1.361 - 18.998). Physical activity is
effective in preventing and manag-
ing chronic diseases, as well as im-
proving mental health and general
quality of life.® The results of the
study were in line with the explana-
tion that there was a relationship
between physical activity and the
incidence of multimorbidity (p-value



< 0.05).122028 Older adults who have
never been physically active are at
a very high risk of multimorbidity,
3.82 times higher than those who
are physically active.??

Multimorbidity and physical inactiv-
ity form a cycle that reinforces each
other. Chronic diseasescanleadtode-
creased physical activity; conversely,
a lack of physical activity can worsen
health conditions and increase the
risk of developing diseases. This is
evidenced by the results of studies in
46 low- and middle-income countries
showing that older adults with mul-
timorbidity have a 1.31 times higher
risk of being physically inactive than
healthy individuals. Conditions such
as chronic pain due to arthritis can
limit mobility and lead to sleep dis-
turbances, which in turn can trigger
depression and reduce motivation to
exercise.>’

The social and environmental fac-
tors associated with multimorbidity
were social interactions indicated by
values (p = 0.007) (OR= 4.788; 95% CI
1.542 - 14.864). Lack of participation
in social activities was associated
with an increased risk of developing
multimorbidity (p = 0.003).2°

Based on a study in the city of Makas-
sar and a survey in 34 provinces in
Indonesia, it was concluded that the
involvement of older adults in so-
cial activities such as religious ac-
tivities, social gatherings, and other
social activities was still low due to
declining physical conditions and
a limited number of social activi-
ties in the environment where older
adults lived.?®3 Older adults who are
active in socializing tend to be hap-
pier, healthier, and more indepen-
dent because they can freely express
their feelings and needs to others.

Thus, older adults can be more inde-
pendent and have a better quality of
life.40

Limitation

The limitation of this study is using
a case-control design, so recall bias
is highly likely to occur. However, in
this study, the recall conduct is gen-
eral and does not require detailed
information, so the condition of re-
call bias can be minimized. Further-
more, there is a limitation of data
related to chronic diseases in the
elderly that have not been fully reg-
istered in primary health facilities,
so the prevalence of chronic diseas-
es may be higher than in this study.
This occurs because chronic disease
patients are likely to visit health fa-
cilities in poor condition, thus be-
ing referred directly to secondary
health services before reaching pri-
mary health facilities. Nevertheless,
this study recommends that improv-
ing sleep quality must be accompa-
nied by increasing physical activity,
quitting smoking, maintaining an
ideal weight, and encouraging older
adults to participate in social activi-
ties. Primary health care providers
must be more proactive in paying
attention to sleep disorders in older
adults. In addition, to maintain phys-
ical health and improve the quality
of their sleep, older adults need to be
motivated to be more active in do-
ing regular exercise, especially mul-
ticomponent physical activity pro-
grams that include a combination of
balance, strength, endurance, gait,
and physical function training so
that the quality of life of older adults
can improve. Further research with
broader scope and longitudinal
methods is needed to better under-
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stand the impact and patterns of
multimorbidity in older people.

Conclusion

This study showed that the variables
related to multimorbidity were phys-
ical activity, BMI, age, family history,
smoking status, sleep quality, and
social interaction. Sleep quality is
the most dominant variable for the
incidence of multimorbidity in older
adults. Therefore, the target inter-
vention needs to focus on factors that
can still be changed and prevented,
such as behavioral factors including
sleep quality, physical activity, and
smoking status. The implementation
of the Chronic Disease Management
Program (PROLANIS) needs to put
a big emphasis on educating people
about healthy behavior.
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KIIMHUYKM UCTPAXYBAHA

Abstract

Radial neck fractures (RNFs)in children present a clinical challenge due to variability in displacement
and risk of complications. This retrospective study compared clinical outcomes between elastic
stable intramedullary nailing (ESIN) and open reduction with transcondylar fixation in pediatric
patients with Judet type Il and IV fractures. From 2010 to 2015, 80 children aged 5.5-14.5 years with
isolated RNFs were treated at the University Clinic for Pediatric Surgery in Skopje. Patients were
divided into two groups: closed reposition with ESIN (n = 39) and open reposition with transcondylar
fixation (n = 41). Postoperative outcomes were evaluated using the Mayo Elbow Performance Score
(MEPS), radiographic alignment, and periosteal callus formation. Closed reposition with ESIN
resulted in significantly higher rates of periosteal callus formation (9744% vs. 56.10%, p = 0.000014),
indicating better biological healing. Fracture alignment was comparable between groups (p = 0.13).
Open reduction was more frequently required for Judet type IV fractures (63.41%). No significant
differences were found in MEPS scores. The retrospective design limited structured complication
reporting. ESIN is an effective, biologically favorable option for Judet type III RNFs, while open
reduction remains necessary for more complex type IV fractures. Standardized long-term follow-up
is essential for evaluating safety outcomes.
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CAPITULUM RADII ®PAKTYPU KAJ AELIA: PETPOCIEKTUBHA CTYAMJA
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NsBagok

®paxrypute Ha BpatoT Ha paguycot (DBP) kaj ferata mpetcTaByBaaT KIMHUYKE TPe3BUK TOPaI
BapujabWIHOCTA BO JUC/IOKALMjATa U PUSUKOT OJf KOMIUIMKaIMY. [lefita Ha oBaa PETpOCIIeKTUBHA
cTyauja bele fia TV Criopei KIMHUYKKTE HCXOM MOMeTY elacTiHaTa CTabuIHa HHTpaMesylapHa
ocreocunTesa (ESIN) i oTBopeHata penosuiuja co TpaHCKOHAMIApHA (UKcalja Kaj mefyjaTpyucKi
natpentn co (paxrypu og tun 1 u IV cniopep Judet. Bo nepuopor 2010-2015 roauua, Ha YHUBEp3u-
TeTCKATa KIMHKKA 3a JieTcka Xupypruja Bo Ckorje 6ea tpetupatn 80 eta (Bo3pact 5,5-14,5 rogutn)
co m3ommpanu OBP. [Tamyentyte Gea mozieeny Bo fjBe Py efjHaTa rpyria TpeTHpaHa co 3aTBopeHa
penosutmja co ESIN (n = 39), a pyrata co oTBOpeHa pemnosuiiija o TPaHCKOHMIApHa (uKcalmja
(n = 41). Ucxopure bea epanyupany nipeky MEPS, paguorpadcko nopamuyBare 1 (hopmuparse re-
procTaneH Kanyc. 3aTBopeHara perosuimja co ESIN moKaka 3HauajHO TMOBMCOKA CTarKa Ha qop-
MUpame nepuoctanen Kanyc (9744% vs. 56,10%, p = 0,000014), mrro ykaxkyBa Ha 1of00po 6MoomKo
3a3fipaByBame. Kpamretor Ha pemosuimjata Oerme cropems (p = 0,13). OTBopeHaTa pernosuiiyja
Oeme modecta Kaj ppaxrypure o i IV (63,41%). He Gea Hajienn sHauajum pasmaku Bo MEPS cko-
pot. PeTpocreKTUBHUOT IW3ajH ja orpaHuuyBalie eBuieHInjaTa 3a Komrivkanuu. ESIN npercraByBa
ednkacHa 1 61o7IONIKN ToBOHA onuja 3a paxtypyt off Tur 11 crioper Judet, nofieka oTBopeHata
perno3uiija 0CTaHyBa HeOIXOHa 3a MokoMruiekcHuTe Tui IV dpaktypu. [ToTpebHo e cTaHmapusu-
paro JIONTOPOUHO CTlefietbe 3a orleHKa Ha Oe30eJHOCHUTE HCXOMIML.



Introduction

Proximal radius fractures are not
common; they only make up 1% of
all fractures and 4.5-21% of elbow
fractures in children. Radial neck
fractures (RNF) are the most com-
mon type. Treatment complexity
arises from the possibility of spon-
taneous realignment and challenges
with vascular supply. Although both
surgical and conservative methods
demonstrate favorable results, com-
plication rates vary between 27%
and 37%. Elements such as unpre-
dictable growth-associated remodel-
ing, excessive treatment, and a rise
in surgical procedures contribute
to this variability. The variability of
fracture types and patient ages com-
plicates routine examination.l The
primary injury mechanism involves
a fall onto an outstretched arm, re-
sulting in valgus tension at the el-
bow.?

The classification of radial neck in-
juries is determined by the angle
between the radial head and neck.
The Judet and O’Brien classification
systems are the most often utilized.
Normal x-rays can make it hard to
see undisplaced fractures. The pos-
terior fat pad, which may be present
and indicate a hidden fracture, is an-
other sign to look for.’

The Judet classification categorizes
fractures into four patterns based on
the displacement of the radial head.
Type I is a non-displaced fracture,
while Type II entails an angulation
of less than 30°, with Type III encom-
passing an angulation range of 30° to
60°. Type IV fractures are character-
ized by an angulation of the radial
head exceeding 60°.2

Radial head ossification begins

around the age of four, with fusion
happening at approximately 14 years
in females and 17 years in males. By
this age, the head and neck have
reached their adult shape, with a
natural lateral angulation of 12.5" in
the anteroposterior (AP) plane and
3.5° anteriorly in the lateral plane.
Therapy planning must take these
characteristics into account.

Displaced fractures are uncommon
yet difficult to treat. Complications
in children encompass elbow stiff-
ness, avascular necrosis (AVN), and
radial head enlargement. The elastic
stable intramedullary nailing (ESIN)
method helps reduce and stabilize
fractures indirectly while keeping
the connections between soft tis-
sues. This report delineates a set of
pediatric instances managed using
this strategy.*

Although more commonly used for
diaphyseal forearm fractures, ESIN
has also proven effective in pediat-
ric radial neck fractures due to its
minimally invasive nature and reli-
able stabilization.>

The objective of this study was to
retrospectively compare the clinical
outcomes of closed reduction with
retrograde elastic stable intramed-
ullary nailing (ESIN, Metaizeau tech-
nique) versus open reduction with
transcondylar fixation in the treat-
ment of pediatric radial neck frac-
tures.

Materials and Methods

This retrospective study was con-
ducted at the University Clinic for
Pediatric Surgery in Skopje between
2010 and 2015, including 80 pediat-
ric patients (aged 5.5-14.5 years) with
isolated Judet type III or IV radial
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neck fractures. Patients were divid-
ed into two treatment groups: one
group treated with closed reduction
with retrograde intramedullary nail-
ing using the ESIN (Metaizeau tech-
nique, n = 39) and the other one with
open reduction with transcondylar
fixation (n = 41). Exclusion criteria
included polytrauma, Monteggia
fractures, pathological lesions, or
Judet type V fractures. Surgical pro-
cedures were performed under gen-
eral anesthesia. In the ESIN group,
closed reposition was achieved using
a titanium elastic nail (1.5-2.5 mm)
introduced retrogradely under fluo-
roscopic guidance (Figures 1 and 2).
In the open reduction group, a Ko-
cher lateral approach was used with
fixation by transcondylar screws or

Kirschner wires. Clinical and radio-
graphic data were extracted from
hospital records, including patient
demographics, injury mechanism,
fracture classification, and treat-
ment outcomes. Functional results
were assessed using the Mayo Elbow
Performance Score (MEPS). Statis-
tical analysis was performed using
SPSS software with Chi-square and
Student’s t-tests, and repeated-mea-
sures ANOVA where appropriate.
Ethical approval was obtained from
the Ethics Committee of the Faculty
of Medicine in Skopje (June 2018), in
accordance with the Declaration of
Helsinki. Informed consent was ob-
tained from parents or guardians of
all participants.

Figure 1 and 2: Repositioning of the radial head

Results

A total of 80 pediatric patients with
capitulum radii fractures were in-
cluded, comprising 52 males (65%)
and 28 females (35%). The gen-
der distribution was comparable
between the open reposition (27
males, 14 females) and closed repo-

sition (25 males, 14 females) groups,
with no significant difference (p =
0.88) (Table 1).

Falls (53.8%), sports/play (32.1%),
and traffic accidents (14.1%) were
the most common injury mecha-
nisms. Falls predominated in the
open reposition group (60.98%),



Table 1. Gender distribution between treatment groups

Method
Gender n Open reposition Closed reposition p - value
n (%) (41) n (%) (39)
Male 52 27 (65.85) 25(64.) 038
Female 28 14 (34.15) 14 (35.9)

while sports/play was more com-
mon in the ESIN group (41.03%). No
significant difference was observed

between groups regarding injury
mechanism (p = 0.18) (Table 2).

Table 2. Judet classification distribution between treatment groups

. Method
Mechanism of — —
ini Open reposition | Closed reposition p - value
jury n
n(%) (41) n(%) (39)
Traffic accident 12 7(17.07) 5(12.82)
Fall 43 25 (60.98) 18 (46.15) 0.18

Sports/play 25 9(21.95) 16 (41.03)

Judet classification revealed a signif-
icant difference in fracture type dis-
tribution (p = 0.000003). Closed re-
position was predominantly used for

type III fractures (87.18%), whereas
open reposition was more common
for type IV (63.41%) (Table 3).

Table 3. Judet classification distribution between treatment groups

Method
Judet Classification 0 Open reposition | Closed reposition p - value
n (%) (41) n (%) (39)
Type III 49 15 (36.59) 34 (87.18)
0.000003
Type IV 31 26 (63.41) 5(12.82)

All patients in the ESIN group had a
good reduction (100%). In the open
reposition group, 92.68% had good
and 7.32% had satisfactory outcomes.
No poor reductions were recorded.

The difference was not statistically
significant (p = 0.13). Figures 3 and 4
show representative imaging from
both groups (Table 4).

Figure 3: Postoperative fluoroscopy showing

alignment after ESIN
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Figure 4: Postoperative radiograph confirming anatomic reduction in open reposition group

Table4. Quality of reduction between treatment groups

Quality of Method
reposition after Open reposition | Closed reposition p - value
primary treatment | n (%) (41) n (%) (39)
Good 77 38(92.68) 39 (100)
Satisfactory 3 3(732) 0 0.13
Poor / 0 0

Periosteal callus was present in
97.44% of the closed reposition
group, compared to 56.10% of the

open reposition group (p = 0.000014)
(Table 5).

Table 5. Periosteal callus formation between treatment groups

. Method
Periosteal Callus — — I
Formation n Open reposition | Closed reposition p - value
n (%) (41) n (%) (39)
Absent 19 18 (43.90) 1(2.56)
0.000003
Present 61 23(56.10) 38(9744)

No significant complications were
recorded, although the absence of
structured documentation limited
the reliability of complication as-
sessment.

Discussion

Our findings align with previous
studies demonstrating that fracture

severity plays a central role in surgi-
cal decision-making, with Judet type
IV fractures more often necessitat-
ing open reduction, while type III
fractures respond well to minimal-
ly invasive treatment approaches.®
Closed reposition with ESIN was par-
ticularly effective for Judet type III
injuries, consistent with the broader
trend favoring less invasive tech-



niques when anatomical alignment
is achievable. 8

ESIN demonstrated clear biological
advantages in our study, reflected
by significantly higher rates of peri-
osteal callus formation compared to
open reposition. This supports ex-
isting evidence that ESIN preserves
periosteal integrity and facilitates
bone healing.’

Although our analysis did not in-
clude Kirschner wire (KW) fixation,
prior research positions it as a cost-
effective alternative. & It allows for
outpatient implant removal but is
associated with higher rates of pin
tract infections and risk of reduction
loss.? Tian et al. reported no major
differences between ESIN and KW
fixation regarding function, hospital
stay, or operative time, suggesting
that the choice of technique should
be tailored to individual case specif-
ics and resource availability. 8

While ESIN is widely accepted for
pediatric fractures, complications
such as nail migration, joint protru-
sion, and nonunion have been re-
ported.®* We did not observe these in
our patients; however, their possibil-
ity underscores the need for consis-
tent postoperative monitoring.

Age also influences outcomes. Stud-
ies show children >10 years may
experience less favorable remodel-
ing.? Although age-specific outcomes
were not analyzed in our patients,
future studies should explore age-
based protocols.

Du et al. found that minimally in-
vasive techniques using Kirschner
wires with the Métaizeau method
offered higher success and fewer
complications than open reduction
in Judet IV fractures.”” Their findings

support a shift toward closed tech-
niques when feasible.

The reduction quality in our study
was comparable between both meth-
ods, with no significant differences
noted. This reinforces that both
techniques can achieve anatomical
alignment when appropriately se-
lected.?

Although our results favor ESIN, es-
pecially for Judet type III fractures,
KW fixation remains a relevant op-
tion where cost or implant removal
logistics are a concern. However, the
absence of a standardized complica-
tion registry limited our ability to
draw firm conclusions about safety.
Comprehensive documentation of
postoperative outcomes is critical
in future research to evaluate long-
term safety and efficacy.

Conclusion

This study supports ESIN as a high-
ly effective technique for managing
pediatric radial neck fractures, par-
ticularly Judet type III, due to its ca-
pacity to preserve periosteal integ-
rity and promote biological healing.
Although open reduction remains
necessary for more complex type
IV fractures, KW fixation also pres-
ents a viable alternative, especially
in resource-limited settings where
outpatient implant removal is ad-
vantageous. Given the comparable
functional outcomes between tech-
niques, the choice of fixation should
be individualized. Future prospec-
tive studies are warranted to evalu-
ate long-term results, implant-relat-
ed complications, and age-specific
responses to treatment.
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KIIMHUYKM UCTPAXYBAHA

Abstract

The COVID-19 pandemic significantly disrupted global healthcare and societal norms, leading to
changes in poisoning patterns, particularly corrosive poisonings (CP). This study aimed to evaluate
the impact of the pandemic on CP trends in North Macedonia by comparing observed data from 2020
and 2021 with predicted values (PV) based on a 10-year tren. A retrospective study was conducted
using data from the Poisoning Registry at the Poison Information Center (PIC), University Clinic for
Toxicology, Skopje. Patients with confirmed acute upper gastrointestinal corrosive injuries were
included. A total of 1,668 CP cases were recorded in the period between 2010 and 2021. While an
overall downward trend was observed (y = -6.5x + 181.4, Rz = 0.56), CP cases declined by 1.5% in
2020 and by 25.5% in 2021 compared to PV. Female cases decreased by 275% in 2021; male cases
declined by 16.6% in 2020 and 32.4% in 2021. Adolescent CP increased by 12.8% in 2020 and 80.0% in
2021; cases in those aged over 75 rose by 2.5% and 6.2%, respectively. The mean age of CP patients
rose by 76% in 2020 and 11.0% in 2021. Suicidal poisonings increased by 9.9% in 2021. Disinfectant
poisonings rose by 74.5% in 2020, while poisonings with hydrochloric acid (+6.2%), detergents (+3.4%),
and degreasers (+32.0%) increased in 2021. Case fatality ratios were increased by 36.2% in 2020 and
44% in 2021. Although the overall number of cases declined, the increased severity, lethality, and
demographic shifts—particularly among adolescents and the elderly—highlight the high-risk groups,
mental health burden and toxicological risks associated with public health emergencies.

KOPO3MBHU TPYEHA 3A BPEME HA NMAHOEMWJATA CO COVID-19: TPEH[IOBA
1 AEMOIPA®CKNU NPOMEHW BO MEPUOAOT MNMPEA U HATIOYETOKOT HA

BAKLIMHALINJATA (2020-2021)
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Vi3zBamok

[anpgemujara co COVID-19 3HaunTenIHO TO HAPYLIM TTI0OATHUOT 37IPABCTBEH CUCTEM 1 OIIITECTBe-
HUTE HOPMHU, IIITO JIOBEJIe 70 IPOMEHH BO MOJIE/IUTE Ha Tpyetbe, 0COOEHO Kaj KOPO3UBHUTE Tpyera
(KT). Llenra Ha oBaa ctyauja Gerre Jia ce TIPOLEHN BIMjAHKETO Ha TaHzeMuUjaTa BP3 TPEHJOBUTE HA
KT Bo CeBepHa Makenonuja, criopeyBajku ru nofiatorute ofi 2020 1 2021 rojjuHa co npeJiBUjieHn
BpeHocty (I1B) 6asupanu Ha 10-ropumen tpenz. Ce cripoBejie peTpocrieKTUBHA CTYIMja KOPUCTejKY
TIOJIATOLM 01 Peryctapot 3a Tpyera npu TOKCUKOMOMKUOT HHpopMaTiBHIOT LeHTap (TYULI) Ha YHu-
Bep3uTeTCKaTa KIIMHIKA 3a TOKCMKonoruja Bo CKorje. bea BKTyUeHH MaIieHTy co NOTBP/EHN aKyTHH
KOPO3MBHU MOBPE/IM Ha TOPHUOT racTpouHTecTuHaneH TpakT. Bo nepuopior oft 2010 no 2021 roguna
Oea eBupeHTMpany BKyMHO 1.668 ciyuau Ha KT. W okpaj onmtyor onarauku Tpeny (y = -6.5x + 1814,
R2=0.56), bpojor Ha ciyuan omajHa 3a 1,5% Bo 2020 1 3a 25,5% Bo 2021 criopezieHo co [1B. Kaj skenute
ce 3abenexa HamasyBate off 275% Bo 2021, moaexa Kaj Maxkute onarare of 16,6% Bo 2020 n 32,4%
Bo 2021. Kaj agonectentute ce peructpupa sronemysase off 12,8% 8o 2020 u 80,0% Bo 2021, a Kaj
nvnata Hajj /5 Tof|HNM opact ofi 2,5% 1 6,2%. [Ipoceynara Bo3pact Ha maruentute co KT ce sronemn
3a 76% Bo 2020 1 11,0% Bo 2021. Camoyouctsara co KT ce sronemuja 3a 99% Bo 2021. Tpyewara co
Jesunguipency ce sronemuja 3a 74,5% Bo 2020, mojieka Tpyerara co XiI0poBOIOPOiHA KUCeIMHA
(+6,2%), nereprentn (+3,4%) n opmactyBaur (+32,0%) 6ea sronemenu Bo 2021. Cuprrocta off KT ce
srojiemu 3a 36,2% Bo 2020 u 44% Bo 2021. ako BKymHKUOT OpOj Ha cllydau e HaMmajieH, 3rojieMeHarta
TeKUHA, JIETANUTETOT 1 JieMorpacKuTe poMeHr — 0co0eHO Kaj afloNiectieHTuTe U NoCTapuTe Juia
- TM MCTAKHYBAAT PU3NUHNUTE TPYIIH, TICUXOMOMKUOT TOBAP 1 TOKCUKOJIOMIKUTE 3aKAHU TIOBP3aHH CO
BOHPEJIHI COCTOjOK BO jaBHOTO 37IPaBCTBO.



Introduction

The COVID-19 pandemic has significant-
ly influenced global public health, not
only through its direct morbidity and
mortality but also by altering patterns
of behavior and access to healthcare
services. The extensive social restric-
tions, psychological stress, and height-
ened fear of infection, especially in the
period prior to the availability of effec-
tive vaccines, have had far-reaching ef-
fects on mental health and healthcare
utilization.

These disruptions also extended to the
field of clinical toxicology. Several stud-
ieshave reported shiftsin the epidemiol-
ogy of poisonings during the pandemic,
including an increase in cases involving
corrosive substances?. In adults, cor-
rosive poisonings (CP) are frequently
associated with suicidal intent, while
in children, they are more often acci-
dental exposures’. The psychological
burden and social isolation during the
pandemic further contributed to this
pattern, increasing the frequency and
severity of CP in certain populations.

Corrosive poisonings remain a major
toxicological concern, particularly in
developing countries where access to
mental health services and public edu-
cation may be limited. The lack of spe-
cific antidotes for upper gastrointesti-
nal tract injuries caused by corrosive
agents leads to high morbidity and mor-
tality. Despite global trends showing a
decline in CP in high-income countries,
several reports have documented an
increase in such poisonings during
the COVID-19 period, especially those
linked to suicidal behavior and develop-
ing countries 24,

The aim of this study was to evaluate
the impact of the COVID-19 pandemic
on the epidemiological characteris-

tics of corrosive poisonings in North
Macedonia by comparing data from the
pandemic years (2020 and 2021) to pre-
dicted values (PV) derived from a trend
analysis of the previous ten-year period.

Material and method

We conducted a retrospective obser-
vational study using data from the
Poisoning Registry maintained by the
Poison Information Center (PIC) at the
University Clinic for Toxicology, cover-
ing the period from 2010 to 2021. The
study included patients with confirmed
corrosive injuries of the upper gastroin-
testinal tract who were treated at the
University Clinic for Toxicology and the
University Pediatric Clinic, and whose
cases were reported to the PIC.

Study Variables
Data collected included:

® Demographics: Gender, age, and age
group:
» Children (<14 years)
* Adolescents (15-19 years)
» Adults (20-74 years)
» Elderly (>75 years)

® C(Circumstances/intent of poisoning
(suicide, accidental)

® Type of corrosive substance accord-
ing chemical composition (hydro-
chloric acid, bleach, detergents, dis-

infectants, alkali degreasers, sodium
hydroxide)

® C(linical outcome (Patients with doc-
umented clinical outcomes - surviv-
al, postcorrosive substenosis of up-
per gastrointestinal tract or death
within the first 72 hours following
admission or intervention)

® Diagnosis and Classification
» Acute corrosive poisoning was
confirmed by esophagogastro-
duodenoscopy (EGD) conducted
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within 48 hours of exposure. Pa-
tients with a history of corrosive
injury or with chronic post-corro-
sive complications were excluded
from the study. Endoscopic find-
ings were classified according to
the Kikendall grading system.

From all 1,668 cases, 1,081 (64.8%) were
females and 587 (35.2%) were males.
Over the past 12 years, the incidence
of corrosive poisonings (CP) declined in
both genders, reaching an almost equal
distribution between males and females
by 2021. The decline was more pro-
nounced in females, with a trend line of
y = -6.65x + 132, R2 = 0.7, compared to
a slight decrease in males (y = -0.045x +
49.5, R2=0.0003).

However, in 2020, there was a 7.7% in-
crease in female cases, followed by a
275% decrease in 2021 compared to
the predicted values (PV). In males, the
number of cases steadily declined, with
reductions of 16.6% in 2020 and 32.4% in
2021 relative to PV (Figure 2).

Statistical Analysis
Descriptive statistics (frequencies and
proportions) were used to summarize

the demographic characteristics of the
study population. To evaluate trends
over time, linear regression analysis
and linear forward trend forecasting
were performed using Microsoft Excel
(Microsoft Corp., Redmond, WA, USA).
The mean absolute percentage error
(MAPE) between actual and predicted
values was calculated using the stan-
dard formula: MAPE = | (Actual - Pre-
dicted) / Actual| x 100. Case fatality ratio
(CFR) was calculated with standard for-
mula: Number of deaths due to a par-
ticular disease/ Total number of cases
due to the same diseasex100. A p-value
of <0.05 was considered statistically sig-
nificant.

Results

We registered 1668 acute CP from 2010
to the end of 2021. CP demonstrated a
declining trend over the past 12 years,
as indicated by the linear regression
model (y = -6.5x + 181.4, R2 = 0.56). The
CP decreased by 1.5% during 2020 due
to COVID-19 curfews, and by 25.5% in
2021, compared to PV (Figure 1).

From all 1,668 cases, 1,081 (64.8%)

Figure 1. CP during 2010-2021 with PV for 2020 and 2021
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were females and 587 (35.2%) were
males. Over the past 12 years, the
incidence of corrosive poison-
ings (CP) declined in both genders,
reaching an almost equal distribu-
tion between males and females by
2021. The decline was more pro-
nounced in females, with a trend
line of y = -6.65x + 132, R2= 0.7, com-
pared to a slight decrease in males
(v = -0.045x + 49.5, R2 = 0.0003).

However, in 2020, there was a
7.7% increase in female cases, fol-
lowed by a 27.5% decrease in 2021
compared to the predicted values
(PV). In males, the number of cases
steadily declined, with reductions
of 16.6% in 2020 and 32.4% in 2021
relative to PV (Figure 2).

During 2020 and 2021, the inci-
dence of corrosive poisonings (CP)

Figure 2. Gender distribution in CP
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increased among adolescents, with
rises of 12.8% and 80.0%, respec-
tively, compared to predicted val-
ues (PV). A similar upward trend
was observed in individuals aged
over 75, with increases of 2.5% in
2020 and 6.2% in 2021.

In contrast, the adult population
experienced a 2.5% increase in
2020 and 6.15% in 2021, compared
to PW.

e Female
em Linear (Female)

The mean age of patients with
corrosive poisoning (CP) exhibited
a general upward trend over the
study period, with two notable de-
clines observed in 2013 and 2018.
In comparison to predicted values,
the mean age increased by 7.6% in
2020 and by 11.0% in 2021 (Figure
3).

The proportion of hospitalizations
followed a steady trend (y = 0.71x

Figure 3. Mean age of patients with CP and comparisons to PV for 2020 and 2021
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+ 69.47, R2 = 0.058). This decrease
was more pronounced in 2020,

with a 17.5% reduction compared
to PV, while in 2021, the decline

was smaller, amounting to 6.2%
(Figure 4).

Figure 4. Hospitalization (in proportion) and comparisons to PV for 2020 and 2021
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5.6% decrease in 2020, followed by
a 9.9% increase in 2021, compared
to predicted values (PV) (Figure 5).

Figure 5. Suicidal CP: Observed values vs. predicted values for 2020 and 2021
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Among all substances, poisonings
involving bleach increased in both
2020 (by 16.0%) and 2021 (by 7.3%)
compared to predicted values
(PV). Additionally, disinfectant-
related poisonings rose sharply by
74.5% in 2020. In 2021, there was
a further increase in poisonings
involving hydrochloric acid (HCI):
+6.2%, detergents: +3.4%, degreas-
ers: +32.0%, all compared to PV.
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Regarding gender, mortality oc-
curred in 22.1% of female cases
and 26.4% of male cases. The case
fatality ratio (CFR) for corrosive
poisonings showed a substantial
increase, rising by 36.2% in 2020
and 44% in 2021 compared to pre-
dicted values (Figure 6).



Figure 6. Case fatality ratio (CFR) in corrosive poisonings in 2020 and 2021, with comparisons
to predicted values
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Discussion

Our analysis highlights significant
changes in the pattern of CP in
North Macedonia during the COV-
ID-19 pandemic, revealing distinct
trends in 2020 and 2021. These
shifts reflect broader societal,
healthcare, and psychological im-
pacts of the pandemic and offer
context-specific insights into toxi-
covigilance during public health
crises.

2020 - Pre-Vaccination Phase: Re-
stricted Movement and Emergency
Avoidance

In 2020, the number of CP cases
decreased by 1.5% compared to
predicted values, with a more
prominent 17.5% reduction in hos-
pitalizations. This decline coincid-
ed with strict lockdown measures,
including prolonged curfews and
restrictions on movement during
national holidays. The reduced
number of presentations may
have stemmed from public fear of
SARS-CoV-2 exposure and avoid-
ance of emergency rooms (ERs), as
previously noted in other health-
care settings’.

Despite fewer cases, the case fa-
tality ratio (CFR) increased by
36.2%, suggesting a higher severity

Forecast

Upper Confidence Bound

among those who did seek treat-
ment. The suicidal intent in CP
was lower during this period, like-
ly influenced by increased family
presence, improved support sys-
tems, and potential links to mental
health services during lockdowns?.
However, some studies reported a
higher incidence of accidental CP
than suicidal poisonings in the
same timeframe®, supporting the
hypothesis of more incidental ex-
posures due to increased home
disinfectant use.

Demographically, female CP cas-
es slightly increased in 2020, in
contrast to the overall downward
trend in female involvement. This
may reflect heightened psychoso-
cial pressures on women during
lockdown, such as increased do-
mestic violence and economic in-
stability*®. CP incidence also rose
among adolescents and the elderly,
particularly those above 75 years,
were highly vulnerable to pandem-
ic-related stress. Adolescent neu-
rodevelopmental vulnerabilities
under pandemic stress have been
well-documented!® and influence
on their behavior. The medical
community became increasingly
attentive to the mental health vul-
nerabilities of older adults during
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the COVID-19 pandemic, recogniz-
ing their greater susceptibility to
social isolation and severe illness.
A survey conducted in July 2020
indicated that nearly half (46%) of
individuals aged 65 and above re-
ported that pandemic-related con-
cerns had adversely affected their
mental well-being11.

2021 - Early Vaccination Phase:
Eased Restrictions, Rising Sever-
ity.

In 2021, the decline in CP cases
became more pronounced, with a
25.5% decrease compared to pre-
dicted values, while hospitaliza-
tions reduced by 6.2%, a smaller
reduction than the previous year.
Nonetheless, the CFR rose even
further by 44%, indicating sus-
tained or worsening severity in CP
cases.

Unlike 2020, suicidal CP cases in-
creased in 2021, mirroring trends
reported globally >3, This rise may
reflect accumulated psychological
distress, prolonged isolation, and
growing pandemic fatigue, all con-
tributing to growing mental health
deterioration and increased deter-
mination for self-harm®.

The mean age of patients in-
creased by 11.0% compared to pro-
jections, reflecting an aging CP
population and more cases among
those over 75 years. Adolescents
also remained at elevated risk.
The gender distribution continued
to shift, with male prevalence re-
maining stable or slightly increas-
ing, while female representation
declined overall, despite the early
2020 spike.

In terms of substance use, poison-
ings with disinfectants increased,
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reflecting their widespread house-
hold availability during the pan-
demic®. Nevertheless, the most
frequently used agents remained
acids, followed by bleach and
strong alkalis (degreasers) - a pat-
tern consistent with other stud-
ies>12,

Comparison and Implications

Comparison between 2020 and
2021 revealed distinct phases in
CP dynamics during the pandemic.
While 2020 was marked by avoid-
ance behavior and reduced emer-
gency visits, 2021 saw a continua-
tion of the case decline but a surge
in suicidal intent and poisoning se-
verity. The increasing CFR in both
years (36.2% in 2020; 44% in 2021)
highlights the pandemic lasting
impact on the mental health and
partially on quality of acute care
and the timeliness of medical in-
tervention’b.

Furthermore, most international
reports indicated increased suicid-
al CP during the pandemic 2,4,5, —a
trend mirrored in our findings for
2021 but not for 2020. Throughout
2020 and 2021, a stable or slightly
increasing male prevalence was
observed, reaching near gender
parity. The evolving demograph-
ic patterns (older age, adolescent
involvement, fluctuating gender
distribution) call the need for tar-
geted preventive strategies. As
seen in our data, the indirect con-
sequences of pandemics can mani-
fest in severe, life-threatening pat-
terns of behavior, such as CP, that
require proactive healthcare plan-
ning and social support systems.



Conclusion

The COVID-19 pandemic influ-
enced the epidemiology of corro-
sive poisonings in North Macedo-
nia during 2020 and 2021. While
the overall number of cases de-
clined, the severity and lethality
of CP increased, especially during
the early vaccination phase.

Demographic shifts, including
a rise in adolescent and elderly
cases, along with gender-specific
trends and substance use pat-
terns, reflect the complex inter-
play between pandemic-related
social changes and toxicological
outcomes in CP.

Collectively, these findings under-
score the importance of ensuring
uninterrupted toxicological and
mental health services during cri-
ses and highlight the need for inte-
grated public health preparedness
plans that include toxicovigilance,
mental health support, and pre-
vention strategies for high-risk
groups.
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Abstract

Introduction: The fast pace of modern life contributes to an increased prevalence of metabolism-
related diseases. Since these diseases can be prevented through lifestyle modification, a new
approach in medicine is needed, i.e. one that focuses on the early identification of individuals at
higher risk. A promising noninvasive monitoring tool is the use of salivary biomarkers. Of particular
interest is salivary uric acid, as a linear association between its serum and salivary concentrations
has been demonstrated. Aim: To determine the correlation between various risk factors associated
with metabolic syndrome and the salivary concentration of uric acid. Materials and Methods:
A cross-sectional study was conducted among 156 students (aged 20-25 years) from the Faculty
of Dentistry, Faculty of Medicine, and Faculty of Pharmacy at Ss. Cyril and Methodius University
in Skopje. In the Biochemical Laboratory of the Faculty of Dentistry, body weight, height, waist
circumference, blood pressure, and pulse of the studied participants were measured. Unstimulated
saliva samples were collected using the spitting method. Uric acid concentration was determined
spectrophotometrically using the enzymatic URICASE/PEROXIDASE method. The obtained data
were statistically analyzed and correlated with anthropometric parameters, blood pressure, pulse,
and body mass index. Results: The results showed a significant correlation between salivary
uric acid levels and body weight (p<0.001), body mass index (p<0.001), waist circumference (p<
0.001), systolic blood pressure (p<0.001), and diastolic blood pressure (p<0.001). Conclusion: Our
findings suggest that salivary uric acid may serve as a reliable noninvasive biomarker for detecting
cardiometabolic risk factors.

KOPEJALIMJA MOMETY CAJIMBAPHWTE BPEIHOCTU HA YPUYHA KUCETIMHA
N PUSNK-PAKTOPUTE NOBP3AHN CO METABOJIMYKWOT CUHAPOM

MapTuHa AHacTacosckal, bojaH lMonockm?, Mapuja AHpoHoscka?, CaHena WMpocka'!, EHBep WMpockm3, Bnatko

KokonaHckm?

1 YHueepsulielicKa K/IUHUKQ 3a XUpypéuja Ha nuye, sunuyu u epall -maxkcuiopayujanHa xupypeuja, Ckodje, Pelybnuka

CesepHa MakegoHuja

2 Clomattonowku hakyntiell - Ckodje, YHusep3uiiel ,,Ce. Kupun u Mellioguj“ eo Ckodje, Pedybnuka CesepHa

MakegoHuja

3 Knuruka ,’Kar Muttipes’, CkoUje, Pelybnuka CesepHa MakegoHuja
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Ievarapcku mpaBa: “2025 MapriiHa AHacTacoB-
cKa, bojan [Nomocku, Mapuja AupioHoBcKa, Canerna
Wnocka, Ensep Mpocku, Bratko Kokonancku. OBaa
CTaTvja e co OTBOPEH MPUCTal JMCTPHOYMpaHa Nojy
YCJIOBUTE Ha HeJIOKa/IM3MpaHa JIMIEHIIA, Koja 0BO3-
MOYBa HeorpaHuueHa ynorpeba, AUCTPUOyLja
W PerpojiyKIja Ha 610 KOj MeJIyM, JIOKOJIKY ce
IATHPAA TOPUTMHAHUOT(MTE) ABTOP(M) M U3BOPOT.

KonkypeHTCKU MHTepecu: ABTOPOT 13jaByBa jleka
HeMa KOHKYPEHTCKM HHTePeCH.

NsBagok

Bosej1: bp30To TeMTIO Ha JK1Beete Ha COBPEMHIIOT UOBEK € eJ[Ha O] TIPUUKMHITE 3a 3ToJleMyBarbe Ha
CTarKara Ha 3a007yBatba IOBP3aHM CO METabOMM3MOT Ha UOBEKOT. Bujiejku oBre 3a007yBatbha Mo-
KT J1a OMJIAT MpeBeHUPaHH MPeKy MeHyBatbe Ha HauMHOT Ha JKUBOT, ce Oapa HOB TTPUCTAT BO MeJIi-
11HATa Koj O mojipasoupan uaeHTndrKalja Ha MHIMBIIYM CO 3roNeMeH PU3HMK 3a 110jaBa Ha OBlLe
3a00nyBamwa. EJieH off mpucTanmre 3a HeMHBA3UBEH MOHUTOPWHT € KOPUCTEHETO Ha CAMBapHUTe
oromapkepu. Off 0cobeH MHTEPEC BO CTPaKyBamaTa e cajMBapHATa YPUUHA KiCemHa, Oupiejku
e OTKpKeHa JIMHeapHa acollvijalnja Ha Hej3MHWUTe CepyMCKH ¥ TTYHKOBHM BpeiHocTH. Len: Jla ce
YTBP/M KOpenaliyjara MoMery pasiuuHuTe PUsnK-GaKkTopi KoK ce MOBP3yBaaT co MeTaboIMuKIOT
CHHJIPOM ¥ KOHIIEHTpaIijaTa Ha caMBapHaTa BPeJIHOCT Ha YpUuHaTa KrcenmHa. MaTepujan u me-
Topu: Beliie cipoBefieHa CTy/iMja Ha mpecek (cross-sectional study), koja Bkayun 156 ctyzentH (Ha
Bo3pact o1 20-25 ropunn) ojf CTOMaToONOMKKOT, MeUIMHCKKOT 1 DapMarieBTCKUOT (hakyiTeT BO
coctaB Ha YHusepsureror ,CB. Kupun u Metoauj“ Bo Ckomje. Bo brnoxemickara nabopatopuja Ha
CToMaTosIOMKKUOT hakynTeT bea M3MepPeHH TellecHaTa TeK1MHA, BUCKHATA, 00eMOT Ha TOJIOBUHATA,
KPBHKMOT MPUTKUCOK ¥ MY/ICOT Ha MCIMTaHMIMTe, HecTumynupaHa miyHKa Oelre KoJeKIMoHupaHa
KOPHCTEjKK IO METO/I0T Ha WCTIYKyBate. KoHIleHTpaIijaTa Ha ypuuHaTa KucenuHa Gelile onpefie-
nexa crekrpodotomerpucki co ensumckn metog; (URICASE/PEROXIDASE). [loGueHuTe BpejHOCTH
0ea CTATUCTUUKY aHA/IM3UPAHN U KOPEMPaHK CO aHTPOTIOMETPUCKITE MTapaMeTpH 11 BPeTHOCTHTe
Ha KPBHUMOT MPUTHCOK, MYJICOT 1 MHEKCOT Ha TejecHa Maca. PesyaraTu: Pesynrature mokaxaa
3HauajHa Kopesalyja MoMery caMBapHuTe BPEJIHOCTH Ha YPUUHATA KMCeIMHA 1 TeJleCHaTa TeK1Ha
(p<0.001), uHpexcoT Ha TenecHa maca (p<0.001), obemot Ha mosoBuHaTa (p<0.001), CUCTONTHUOT Kp-
Ben nputncok (p<0.001) u amjactonuuor KpBeH nputicok (p<0.001). 3akmydok: Hammre pesynraTi
VKaKyBaaT Ha MOKHOCTa 3a KOPHCTEre Ha caliBapHaTa yPUUHA KICETMHA KaKo HeMHBA3KBEH 0110-
MapKep 3a OTKpKBatbe Ha KapMOMeTaboTuuKuTe PU3KK-(hakToOpH.
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Introduction

Excess body weight represents an
increasingly serious public health
problem in our population. This
condition, together with metabolic
syndrome, is considered a disease of
modern society. Metabolic syndrome
represents a cluster of interrelated
metabolic abnormalities including
abdominal obesity, elevated blood
pressure, hyperglycemia, increased
triglyceride levels, and decreased
HDL-cholesterol values, which are
factors that collectively increase the
risk of developing cardiovascular
diseases and type 2 diabetes melli-
tus!. Obesity most commonly arises
as a result of dietary imbalance and
is associated with increased morbid-
ity and mortality from metabolic,
endocrine, respiratory, cardiovascu-
lar, and other systemic diseases and
health disorders?.. The fast-paced
lifestyle of modern society is one of
the contributing factors to the grow-
ing incidence of metabolism-related
diseases.

Various biological fluids are present
in the human body, such as blood,
urine, and saliva. These biological
fluids play a crucial role in maintain-
ing the homeostasis of organs and
systems, as they contain proteins,
metabolic degradation products,
and minerals, making them valuable
diagnostic media for a wide range
of systemic and oral diseases. The
growing prevalence of malignant,
cardiovascular, and metabolic dis-
eases has increased the demand for
improved diagnostic procedures for
early disease detection®>.

Among all biological fluids, saliva
stands out as the most attractive
diagnostic tool. This biofluid con-
tains valuable information that en-
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ables early disease detection, lead-
ing to better treatment outcomes
and improved prognosis®®. Early
detection of diseases often presents
a challenge and typically requires
multiple clinical and laboratory ex-
aminations, which may delay ther-
apeutic intervention and worsen
patient prognosis. Contemporary re-
search therefore focuses on identify-
ing noninvasive biomarkers for early
disease diagnosis. An ideal biomark-
er should be specific to the disease,
easily accessible, cause minimal dis-
comfort during sample collection,
and be cost-effective. Salivary diag-
nostics meet these criteria by pro-
viding an effective, noninvasive ap-
proach for early diagnosis, disease
monitoring, and evaluation of thera-
peutic outcomes!'o .

Whole saliva consists of secretions
from the major and minor salivary
glands, transudate from the oral
mucosa, gingival crevicular fluid,
serum-derived components, desqua-
mated epithelial cells, microorgan-
isms, and food residues. It is a com-
plex biological fluid that contains
hormones, enzymes, proteins, me-
tabolites, antibodies, cytokines, and
antimicrobial molecules. The analy-
sis of these salivary constituents
forms the basis for linking saliva to
various systemic diseases™.

Over the past decade, research on
saliva has significantly expanded, at-
tracting increasing interest as a diag-
nostic medium for detecting biomol-
ecules associated with both health
and disease. Considerable invest-
ments have been made to encourage
scientists, governments, and indus-
try to advance salivary research. An
optimal diagnostic method should
be functional, specific, sensitive, af-



fordable, and clinically applicable.
Many of the methods developed for
salivary diagnostics already meet
these criteria, owing to the inter-
disciplinary collaboration of experts
in chemistry, physics, biology, and
technology’*.

Excess body weight profoundly af-
fects human health and increases
the incidence of diabetes and cardio-
vascular diseases. Since these con-
ditions can be prevented or delayed
through lifestyle modification, a new
medical approach is needed, which
focuses on the early identification
of individuals at increased risk. One
useful screening tool for identifying
high-risk individuals is the detection
of metabolic syndrome. The aim of
this study was to determine the cor-
relation between salivary uric acid
concentrations and the various risk
factors associated with metabolic
syndrome.

This study was approved by the Eth-
ics Committee of the Faculty of Den-
tistry - Skopje, Ss. Cyril and Metho-
dius University in Skopje, and was
conducted in accordance with the
principles of the Helsinki Declara-
tion.

Material and methods
Study Design and Participants

A cross-sectional study was con-
ducted among 156 students from the
Faculty of Dentistry, Faculty of Med-
icine, and Faculty of Pharmacy, all
part of Ss. Cyril and Methodius Uni-
versity in Skopje, Republic of North
Macedonia. The participants were
between 20 and 25 vears of age. Ex-
clusion criteria included conditions
known to affect salivation or uric
acid metabolism, such as gout, renal

insufficiency, Sjogren’s syndrome,
autoimmune diseases, acute infec-
tions, type 2 diabetes mellitus, and
pregnancy. All participants complet-
ed a questionnaire to exclude any
previous systemic diseases or con-
ditions. Anthropometric measure-
ments were performed, and unstim-
ulated saliva samples were collected
from each participant.

Anthropometric and Physiological
Measurements

In the Biochemical Laboratory of the
Department of Oral and Periodon-
tal Diseases, Faculty of Dentistry
- Skopje, the following parameters
were measured for all subjects: body
weight, height, waist circumference,
blood pressure, and pulse rate. Mea-
surements were performed in the
morning, under standardized condi-
tions.

Saliva Collection and Preparation

Unstimulated saliva was collected
from all participants using the spit-
ting method, following the recom-
mendations of Navazesh®. The col-
lection was carried out between
9:00 and 12:00 a.m., for 10 minutes.
Participants were instructed to re-
frain from eating or drinking for at
least two hours prior to sample col-
lection. Saliva samples were centri-
fuged at 4000 rcf for 10 minutes at
4°C. From the supernatant, 1000 uL
were transferred to Eppendorf tubes
and stored at -20°C until analysis.
Before biochemical determination,
saliva samples were rapidly thawed
by immersion in warm water.

89



Biochemical Analysis

The concentration of uric acid in sa-
liva was determined spectrophoto-
metrically using an enzymatic URI-
CASE/PEROXIDASE method. The
assay was performed with a com-
mercial reagent kit (Biosystems S.A.,
Barcelona, Spain). After a brief incu-
bation at 37°C, a red-colored complex
was formed. The absorbance, propor-
tional to the uric acid concentration,
was measured at 515 nm. All reagents
used were of analytical grade purity.

Statistical Analysis

All data were analyzed using IBM
SPSS Statistics software, version
24.0 (IBM Corp., Armonk, NY, USA).
The results were expressed as mean
+ standard deviation (SD). Compari-
sons between groups were performed
using the Student’s t-test, and corre-
lations were evaluated using Spear-
man’s rank correlation coefficient.
The level of statistical significance
was set at p < 0.05.

Results

Of all 156 students included in the
study, 70 (44.9%) were male and 86
(55.1%) were female. The majority of
students were from the Faculty of
Dentistry (n=82, 52.6%), followed by
those from the Faculty of Medicine
(n=48, 30.8%) and the Faculty of Phar-
macy (n=26, 16.6%), with a mean age of
22.85 + 2.21 years in males and 22.11
+ 1.51 years in females; mean BMI
25.35 * 4.18 kg/m? and 23.77 + 3.52 kg/
m?, waist circumference 90.55 + 15.38
cm and 74.61 = 6.18 cm, systolic blood
pressure 79.70 = 13.16 mmHg and 78.83
+ 11.81 mmHg, diastolic blood pres-
sure 121.60 = 13.33 mmHg and 115.00
+ 16.09 mmHg, and pulse rate 87.30
+ 11.41 bpm and 97.94 + 16.62 bpm, in
males and females, respectively.

The mean salivary uric acid concen-
tration in male participants was 134.65
+ 86.7 nmol/L, which was significantly
higher than in females (96.06 + 49.6
nmol/L) (t = 3.345, p = 0.001) (Table 1).

Table 1: Mean salivary uric acid concentration by gender

Parameter Mean+SD (Male)

Uric acid (umol/L) 134.65+86.7
The mean salivary uric acid levels
among participants with normal BMI
(< 25 kg/m?) were 43.07 = 14.2 pmol/L,
whereas those with increased BMI (>

MeanzSD (Fe-
male)

96.06+49.6

t-value p

3.354 0.001

25 kg/m?2) had 206 + 71.8 ymol/L. Par-
ticipants with higher BMI had signifi-

cantly elevated uric acid concentra-
tions (t = -14.317, p < 0.001) (Table 2).

Table 2: Mean salivary uric acid concentration by BMI group

Uric acid Mean+SD

Mean+SD

(umol/L) (BMI<25) (BMI>25) tvalue P
Male 29.71+10.05 45.24+5 44 13,529 0.002

Female 69.96+35.2 251.25+44.1 112,900 <0.001
Total 43.07+14.2 206471.8 14317 <0.001
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A positive correlation was observed
between salivary uric acid levels
and several risk factors associated
with metabolic syndrome and car-
diovascular diseases, including body

weight, systolic and diastolic blood
pressure, and waist circumference.
No significant correlation was found
between uric acid levels and pulse
rate (Table 3).

Table 3: Correlation between salivary uric acid levels and risk factors associated with
metabolic syndrome

Variables
Uric acid: BMI

Uric acid: Waist circumference
Uric acid: Systolic blood pressure

Uric acid: Diastolic blood pressure
Uric acid: Body weight

Uric acid; Pulse

Discussion

Metabolic syndrome represents a
combination of various metabolic
disorders or risk factors, including
obesity, increased waist circumfer-
ence, elevated blood pressure, elevat-
ed triglycerides, decreased levels of
HDL (high-density lipoproteins), and
increased blood glucose levels®, In-
dividuals who exhibit at least three
of these risk factors are classified as
patients with metabolic syndrome?.
The need for screening of these fac-
tors that lead to the development of
metabolic syndrome is evident. Their
timely detection can help prevent
serious cardiovascular complica-
tions®?°, However, identifying these
risk factors is not always possible.
There are several reasons for this:
limited access to healthcare services,
the high cost of certain diagnostic
methods, and the reluctance toward
invasive diagnostic procedures?%,
The use of noninvasive screening
methods is a prerequisite for involv-
ing a larger number of individuals in

r P
0.906 <0.001
0.846 <0.001
0713 <0.001
0.484 <0.001
0.863 <0.001
0.074 0.352

preventive programs and for promot-
ing healthier lifestyle changes?.

One approach for noninvasive moni-
toring is the use of salivary biomark-
ers®. Several serum biomarkers such
as C-reactive protein, adiponectin,
and uric acid, which are associated
with metabolic syndrome and car-
diovascular diseases, can also be de-
tected in saliva®*2%. Of particular re-
search interest is salivary uric acid,
since a linear association has been
identified between serum and sali-
vary uric acid levels?*3'. Although
numerous studies have confirmed a
positive correlation between salivary
uric acid levels, metabolic syndrome,
and cardiovascular diseases, the role
of this metabolite is not yet fully un-
derstood.

Uric acid is the final degradation
product of purine catabolism and has
a significant antioxidative role in the
extracellular environment®. It has
been proven that uric acid is one of
the main antioxidants in the human
body, contributing approximately
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55% of the total antioxidant capacity
of plasma’** and 70-85% of the total
antioxidant capacity of saliva®. The
enzymes responsible for uric acid
formation also participate in the pro-
duction of free radicals, which gives
this metabolite both proinflamma-
tory and prooxidant roles’**. Wheth-
er uric acid is the cause of certain
metabolic disturbances or a product
formed as a result of them, it is cur-
rently being investigated as a poten-
tial biomarker for identifying individ-
uals at risk for metabolic syndrome
and cardiovascular diseases’®%’.

In our study, the amount of uric acid
in saliva was significantly higher in
male participants compared to fe-
males (Table 1), which is consistent
with the findings of Uppin et al.*,
Riis et al.?, and Viazzi et al.’8. Par-
ticipants with increased BMI values
demonstrated significantly higher
uric acid concentrations (Table 2).
These results are in line with numer-
ous studies reporting elevated serum
and salivary uric acid concentrations
among patients with metabolic syn-
drome28,39-44_

In a study conducted on 2,380 pa-
tients, individuals with elevated uric
acid levels had an odds ratio (OR) of
2.67, meaning they were 2.67 times
more likely to develop metabolic
syndrome®. Similar results were re-
ported in a meta-analysis from 2025
(OR =2.25)%, The association between
uric acid and risk factors for meta-
bolic syndrome has been confirmed
in children, adolescents, and adults*.
Soukup demonstrated a correlation
between salivary uric acid levels and
metabolic syndrome risk factors?.

Our correlation analysis revealed a
positive association between salivary
uric acid levels and several risk fac-
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tors related to metabolic syndrome
and cardiovascular diseases, includ-
ing body weight, systolic and diastolic
blood pressure, and waist circumfer-
ence (Table 3). No statistically signifi-
cant correlation was found between
uric acid levels and pulse rate. These
results are consistent with recent
studies showing that higher uric
acid levels are significantly associ-
ated with components of metabolic
syndrome*#, Numerous studies*>49->2
have indicated elevated uric acid
concentrations in patients with met-
abolic syndrome. Ishizaka et al.>’ in-
vestigated the relationship between
metabolic syndrome and uric acid
concentration and found that the
prevalence of metabolic syndrome
increased proportionally with uric
acid levels.

Large population-based analyses
further show that individuals with
hyperuricemia have greater waist
circumference, higher blood pres-
sure, and a higher prevalence of all
five diagnostic criteria for metabolic
syndrome®. These associations can
be explained by several pathophysi-
ological mechanisms. First, hyper-
insulinemia associated with insulin
resistance reduces renal excretion
of uric acid, leading to its accumula-
tion. Second, uric acid physiologically
contributes to the worsening of met-
abolic disorders by inducing oxidative
stress and reducing the bioavailabil-
ity of nitric oxide in the endothelium,
causing endothelial dysfunction and
vasoconstriction - mechanisms that
raise arterial pressure>°, At higher
concentrations, uric acid shifts from
an antioxidant to a proinflammatory
mediator, activating cytokines and
promoting macrophage infiltration
into adipose tissue, thereby exacer-
bating insulin resistance and encour-



aging the accumulation of abdominal
fat32>>, This mechanism explains the
strong link between uric acid and
central obesity.

In other words, uric acid is not mere-
ly a marker but an active modulator
of metabolic syndrome, participating
in mechanisms of oxidative stress, in-
flammation, endothelial dysfunction,
and fat accumulation®.

Some studies have shown that hy-
peruricemia, through its proinflam-
matory effects, can enhance sym-
pathetic tone and increase resting
heart rate®. However, this effect is
mainly observed in older individuals
or in cases of pronounced autonomic
dysfunction®®, which likely explains
why no significant correlation was
observed in our study.

Several studies have demonstrated
that uric acid levels are significantly
higher in individuals with metabolic
syndrome and increase progressively
with the number of metabolic abnor-
malities present. Therefore, uric acid
concentration is considered an indi-
cator of more severe cardiovascular
disturbances®#°. Recent literature
suggests that elevated uric acid levels
may have both diagnostic and prog-
nostic significance in the context of
metabolic syndrome, proposing that
hyperuricemia be included as a sixth
diagnostic criterion, thereby expand-
ing the current definition and allow-
ing earlier identification of individu-
als at increased risk of developing
metabolic syndrome®.

The use of saliva as a diagnostic tool
offers several advantages compared
to serum or tissue samples. Its great-
est advantage lies in the noninvasive
method of collection. Additionally, its
simple collection, storage, and han-
dling make saliva a valuable biologi-

cal fluid for disease diagnosis. New
analytical technologies have enabled
the detection of numerous salivary
biomarkers, making salivary diagnos-
tics an efficient tool for identifying
various systemic and oral diseases.

Conclusion

Based on our results demonstrat-
ing a significant correlation between
salivary uric acid concentrations and
risk factors associated with metabol-
ic syndrome, we believe that saliva
can be used to determine uric acid
concentration as a valid noninvasive
biomarker for metabolic syndrome.
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MPEINEQ HA JIMTEPATYPA

Abstract

The growing threat of fungal infections demands immediate attention from healthcare systems
in all countries. With the advancement of modern medicine and a growing population of
immunosuppressed and immunocompromised patients, as well as critically ill patients, increasingly
frequent diagnoses of invasive yeast infections have become an important cause of morbidity
and mortality. In the last decade, increased incidence of non-albicans Candida species infection
compared to C. albicans has been registered worldwide. Several non-albicans Candida species,
such as C. glabrata and C. krusei, may be resistant to azole antifungal therapy The emergence of
multidrug-resistant C. auris is the latest threat in many countries, since this fungus can cause
intrahospital infections. Trichosporon species are the second most common cause of invasive yeast
infections in patients with haematological malignancies, and can be resistant to amphotericin
and echinocandins. Despite diagnostic and therapeutic advances, cryptococcosis continues to be a
disease with unacceptably high incidence and mortality, particularly in resource-limited settings.
Rhodotorula species can be a significant cause of catheter-related fungaemia, sepsis, and invasive
disease in severely immunosuppressed patients. Other uncommon yeasts that can cause invasive
disease in severely immunosuppressed patients include Magnusiomyces capitatus, Geotrichum
candidum, Kodamaea ohmeri, Saccharomyces cerevisiae, Malassezia furfur and Sporobolomyces
species. Although rare yeasts are emerging as opportunistic human pathogens, diagnosis remains
challenging and treatment suboptimal. Therefore, enhanced awareness of fungal infections is
crucial among healthcare providers, and this requires great knowledge and understanding, and
appropriate diagnostic testing, so every segment of the healthcare system can contribute to address
the challenges posed by fungal infections.
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VisBamok

Pacreurara 3akaHa o rabuuyHM MH(EKIMI Oapa UTHA aKkIyja Off 37JpaBCTBEHNTe CHCTEMH Ha CHTe
3semju. Co HampeslOKOT Ha MOJIepHATA MeJIMIMHA U PAacTeuKaTa Mony/aluja Ha UMyHOCYTIPUMUAPAHU
11 IMYHOKOMITPOMUTHPAHH TIALJeHTH, KaKo ¥ KPUTHYHO OOMTHY TAIFIeHTH, Cé ovecTHTe NHBA3UBHI
MH(EKIMY TpefIn3BIKAHY Of] KBACHUIM CTAHYBAAT BA)KHA TIPUUMHA 32 MOPOMIUTET U MOPTAJIUTET.
Bo mocresiHata ierieHnja ce perucTpupa 3rojieMeHa WHIWZeHIja Ha uH(ekin co non-albicans
Candida Buposu Bo ofHoc Ha C. albicans. Hekonky non-albicans cnetpecu, kako C. glabrata u C.
krusei, mose ia Guzat otnopHn Ha asonute. [lojaara Ha MynTupesuctenTHata C. auris e HajHoBaTa
3aKaHa BO MHOTY 3eMju, Oujiejkn oBaa rabuuKa MosKe Jia TpejIu3BUKa MHTPAXOCTUTATHY UHDEKIUH.
Trichosporon species e Bropata HajuecTa MPUUMHA 3a MHBA3MBHU TabUIHM MHGEKIUM Kaj MalieHTH
O XeMaToNONIKK MaJIUTHU 3a0071yBakba, a The Moye Ja OumaT oTropHy Ha amdorepuiis B u exu-
HOKAHWHN. VM TOKpaj AMjarHOCTHYKN 1 TepameBTCKY HATPEZIOK, KPUITOKOKO3aTa TIPOJIoJIKYBa Ja
bupie bornect co HerpuaTIMBO BUCOKA MHIMJIEHIIM]A M CMPTHOCT, 0c06EHO BO YCJIOBY CO OFPAHIUEHU
pecypen. Bunosute Rhodotorula moske fa bupat 3Havajia mprunHa 3a (yHreMuja nmoBp3aHa co Ka-
TeTep, Cerca U MHBA3MBHY DOJIECTH Kaj CepUO3HO UMYHOCYPUMUPAHH NAljueHTy. JIpyri HeBooOu-
YaeHN KBACHHIM KOM MOJKaT Jia pefin3BIKaaT nHBasiBHa (hyHraqHa nudekipja Kaj cepuo3Ho 1uMy-
HOCYIpUMHUpaHu matpenty ce: Magnusiomyces capitatus, Geotrichum candidum, Kodamaea ohmeri,
Saccharomyces cerevisiae, Malassezia furfur u Sporobolomyces species. Vlako peTkuTe KBaCHWIM Ce
T0jaByBaaT KaKo OMOPTYHUCTUYKY YOBEUKHU MATOreHH, IMjarHo3aTa 1 [OHATaMy e PE/IU3BHK, a TPEeT-
MAaHOT e cybomTiManeH. 3aToa, 3rojieMeHara CBECT 3a rabnuHuTe HHPEKIMH e 0f KIYUHO 3Hauerbe
Kaj JlaBaTesiTe Ha 37[PaBCTBEHU YCIIYTH, a Toa Dapa rojieMo 3Haehe 1 pasouparbe, Kako 1 COOJIBETHO
TjarHOCTHYKO TeCTHPATbe, CO TeMT CeKOj CeTMeHT Off 3/[paBCTBEHNOT CUCTEM Jla MOKe Jia TIpHfjoHece
3a CIIPABYBAbE CO MPeIU3BULIUTE IITO TH CO3/[ABAAT rabuuHmTe NHEKIMY.




Introduction

Fungi constitute an essential and
diverse component of most of the
Earth’s ecosystems. They are eukary-
otic organisms morphologically clas-
sified into yeast-like and filamentous
forms. Currently, it is estimated that
the number of fungal species on Earth
ranges from 11.7 to 13.2 million, based
on high-throughput sequencing. Nev-
ertheless, only 150,000 fungal species
have been described so far, establish-
ing different types of relationships,
such as symbiotic, commensal, op-
portunistic or pathogenic!. At least
300 fungal species are associated with
human infections?. However, with
the emergence of new pathogenic
fungi, the number of fungi associated
with human infections is constantly
increasing. Also, sophisticated mo-
lecular investigational methods more
easily identify fungi, which have led
to the recognition of genetic and
phenotypic diversity among differ-
ent fungal pathogens. Recently, there
has been a greater recognition of the
importance of fungal co-infections
with other microorganisms, especial-
ly respiratory pathogens, which often
lead to poor patient outcome. Finally,
decades of continuous use of antifun-
gal and antibacterial agents in agri-
culture and medicine have changed
the global microbiome, contributing
to the emergence of drug-resistant
fungal infections in plants, animals,
and humans?®.

Fungal infections, considered rare in
the past, are increasingly recognized
as a major global health concern, and
estimates suggest they cause over 1.6
million deaths annually®. Emerging
evidence indicates that the incidence
and geographic range of fungal infec-
tions are both expanding worldwide
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due to the global warming on the
Earth, and the increase of interna-
tional travel. Invasive fungal infec-
tions have become a major concern in
modern medicine due to the increas-
ing prevalence of immunocompro-
mised conditions, such as HIV/AIDS,
cancer, patients undergoing steroid
treatment, chemotherapy resulting
in severe neutropenia, hematopoietic
stem cell and solid organ transplanta-
tion. Chronic lung diseases, tubercu-
losis and diabetes mellitus addition-
ally increase the risk for development
of invasive fungal infections. Criti-
cally ill patients in an intensive care
unit (ICU), patients undergoing inva-
sive medical procedures and receiv-
ing broad-spectrum antibiotics, are
also high-risk patients. During the
COVID-19 pandemic, the reported in-
cidence of invasive fungal infections
increased significantly among hospi-
talized patients, such as the outbreak
of mucormycosis in COVID-19-infect-
ed Indian patients accounted for 71%
of new mucormycosis cases globally®.
Moreover, fungal pathogens may in-
fect post-COVID-19 patients®. On Oc-
tober 25, 2022, the World Health Or-
ganization published the first-ever
fungal priority pathogens list (WHO
FPPL) of nineteen priority fungal
pathogens that pose significant glob-
al threats. This was the first global
effort to systematically prioritize
fungal pathogens, to guide research,
development, and public health ac-
tions of fungal infections. This list
is divided into three groups: critical-
priority, high-priority, and medium-
priority. In the “critical-priority”
group, Candida albicans and Candida
auris, as well as Aspergillus fumigatus
and Cryptococcus neoformans are in-
cluded. These fungi were ranked as
“critical” fungal pathogens based on



their antifungal resistance, mortal-
ity rates, lack of evidence-based diag-
nostic and treatment options, annual
incidence, and complications and se-
quelae’.

Fungal pathogens are becoming in-
creasingly resistant to treatment
with only four classes of systemical-
ly active antifungal drugs currently
available, and few candidates in the
clinical pipeline. Despite advance-
ments in antifungal therapies, the
mortality rates for invasive fungal
infections remain unacceptably high,
particularly for infections caused by
multidrug-resistant fungal patho-
gens. Treatment is complicated by
antifungal resistance to existing an-
tifungal agents, drug toxicity, and the
limited arsenal of effective antifun-
gal agents. Also, fungal extracellular
polymeric substances, which have
the functions of adhesion, cell aggre-
gation, and protection of antifungal
agents contribute to treatment fail-
ure®, Accurate diagnosis of invasive
fungal infection is still a clinical and
diagnostic challenge due to nonspe-
cific symptoms and sometimes due
to lack of knowledge about the recur-
rence and emergence of new fungal
pathogens. Limited availability of
rapid and sensitive diagnostic tools
also contributes to delayed or missed
diagnoses of invasive fungal infec-
tions (IFT).

This review focuses on emerging
yeast pathogens and is intended to
raise awareness of the importance of
early detection and treatment of fun-
gal diseases in immunocompromised
and critically ill patients in order to
reduce the risk of mortality from IFI.

1. Candida species

Candida species is a member of the
healthy microbiota, asymptomati-

cally colonizing the gastrointestinal
and reproductive tract, oral cavity,
and the skin of most humans. In indi-
viduals with healthy immune system,
Candida species is often harmless,
and in balance with other members
of the local microbiota. Alterations in
the host microbiota (after broad spec-
trum antibiotic treatment), changes
in the host immune response (stress,
infection by microbes, or immuno-
suppressant therapy), or variations
in the local environment (shifts in
pH or nutritional content) can enable
C. albicans to overgrow and cause in-
fection. These infections range from
superficial mucosal and dermal in-
fections to hematogenously dissemi-
nated IFI, with mortality rates ap-
proaching 40%. Candida produces
highly structured biofilms composed
of multiple cell types. Candida is ca-
pable of causing infections in healthy
people with implanted medical devic-
es, and are usually the predominant
fungal species isolated from medical
device infections. Urinary and central
venous catheters, pacemakers, me-
chanical heart valves, joint prosthe-
ses, contact lenses, and dentures are
all very susceptible to Candida bio-
films®. Once it forms on an implanted
medical device, a Candida biofilm has
the potential to seed disseminated
bloodstream infections and to lead to
invasive mycoses'.

The main causative agent of candidi-
asis is C. albicans; however, in recent
years, a tendency has been described
to increase the incidence of mycoses
caused by non-albicans Candida spe-
cies in humans, such as C. auris, C.
glabrata, C. dubliniensis, C. tropicalis,
C. blankii, C. lusitaniae, C. tropicalis,
C. krusei, and C. parapsilosis. How-
ever, five pathogens cause the most
invasive infections: C. albicans, C. gla-
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brata, C. tropicalis, C. parapsilosis and
C. krusei.

The increasing prevalence of coloni-
zation and infection with non-albi-
cans Candida species in recent years
is thought to be driven largely by the
increased use of prophylactic anti-
fungals, such as fluconazole. Most of
these species are inherently resistant
or easily acquire resistance to com-
monly used antifungal drugs, usually
due to the increased use and misuse
of antifungal agents. Implementation
of new diagnostic techniques docu-
ment constant change in the epide-
miology of Candida infections. The
SENTRY Antifungal Surveillance Pro-
gram, established back in 1997 in the
USA, monitored the global epidemi-
ology of invasive Candida infections
with respect to species distribution
and resistance to antifungals. This
program has published its data after
a 20-year surveillance period, which
included over 20,000 clinical isolates
collected through passive surveil-
lance from 39 countries worldwide.
According to this data, the total pro-
portion of infections attributable to
C. albicans has decreased from 57.4
to 46.4% over the 20-year surveil-
lance period?. In 2017, the Centers
for Disease Control and Prevention
conducted active population-based
surveillance for candidemia through
the Emerging Infections Program in
45 counties in 9 states encompass-
ing approximately 17 million persons.
During this surveillance, 81 laborato-
ries forwarded to CDC 1122 Candida
species isolates. The most frequent
Candida species isolated from culture
was C. albicans (38%), followed by C.
glabrata (30%), C. parapsilosis (14%),
and C. tropicalis (7%). Six percent of
all Candida isolates were resistant to
fluconazole, with rates ranging from
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0.5% in C. albicans to 7% in C. glabrata
and 9% in C. parapsilosis. Two percent
of Candida isolates were resistant to
an echinocandin antifungal, of which
most were C. glabrata (12). Recent
epidemiological studies from Europe
have reported an increased relative
prevalence of non-albicans Candida
species as well. Prior to 1997, most
data on Candida bloodstream infec-
tions were reported in studies carried
out in the USA. Therefore, the ECMM
initiated the first multicentre study
aimed to present the epidemiologi-
cal and mycological profile of candi-
demia across Western Europe®. The
European Confederation of Medical
Mycology (ECMM) conducted three
pan-European multicentre studies
between 1997 and 2022, to investigate
epidemiology, resistance, and other
aspects of invasive candidiasis!>'".

There are differences in the epide-
miology of Candida bloodstream in-
fections among European countries,
with a prevalence of C. glabrata and
C. parapsilosis in Northern and South-
ern countries, respectively. An Ital-
ian 2-year observational survey on
ICU was conducted to evaluate the
species distribution and possible dif-
ferences between bloodstream in-
fections caused by C. albicans and
non-albicans Candida. The results
of this study confirmed 462 cases of
candidemia. C. albicans was isolated
with the highest frequency (49.4%);
C. parapsilosis ranked on the second
position (26.2%), followed by C. gla-
brata (10.4%), C. tropicalis (6.5%), C.
krusei (2.8%), C. guilliermondii (1.5%),
C. lusitaniae (1.3%), C. lipolytica (0.6%)
and C. famata, C. sake, C. utilis (0.4%,
each)®. Literature review of 24 ar-
ticles demonstrated that C. albicans
was the most common species in 21
countries, accounting for 51.3% to



76.3% of all Candida infections™. In
four studies from southern European
countries, the proportion of C. albi-
cans was between 37.9% and 49%. In
the remaining three studies, the pro-
portion of C. albicans was extremely
low. In two studies conducted in Tur-
key, C. albicans strains accounted for
18.6% and 22.9% of all Candida infec-
tions. In a survey from Greece, C. al-
bicans and C. parapsilosis were almost
equally distributed (33.3% and 36.4%,
respectively). Regarding non-albi-
cans Candida species, the three most
prevalent species were C. glabrata, C.
parapsilosis and C. tropicalis. C. gla-
brata was prevalent in studies from
German-speaking countries, France,
UK, and North Europe, reaching
proportions of 13.2-31.2%. C. parap-
silosis emerged as an important op-
portunistic fungal pathogen in the
Mediterranean area: Turkey (77.1%),
Italy (37%), Greece (36.4%) and Spain
(28.8%). In contrast, C. parapsilosis
was a less common cause of candi-
demia in recent surveys from France
and Denmark (0% and 2.6%, respec-
tively). C. tropicalis in these studies
was less prevalent. It was the fourth
most common species of Candida in
German-speaking countries, France,
Italy and Poland, and the second in
Portugal and in Turkey, accounting
for 21.2% and 12.7% of all Candida
bloodstream infections, respectively.
Data from a national, prospective
multicentre study from Serbia, which
analysed Candida BSI in ICUs demon-
strated almost equal distributions of
C. albicans (~56%) and non-albicans
Candida (~44%). C. albicans and C.
parapsilosis were prevalent (~90%),
and the distribution of C. parapsilosis
showed a significant variation rela-
tive to patients’ age (P = .039). C. al-
bicans and C. parapsilosis prevailed

and were equally distributed in adult
settings, while in paediatric/neonatal
settings only C. albicans caused al-
most % bloodstream infections?®.

With the emergence of the COVID-19
pandemic, these factors associated
with the increased incidence of fun-
gal infections have intensified, and
non-albicans Candida species has
been identified as emerging new in-
fections®.

The pathogenic potential of Candida
species to cause invasive infections is
facilitated by many virulence factors
such as adherence to host tissues and
medical devices, biofilm formation,
and secretion of extracellular hydro-
lytic enzymes?.

Candida auris and other multidrug-
resistant fungi

The emergence of new fungal patho-
gens and the spread of multidrug-
resistant strains represent a growing
threat to global health due to their
adaptability and ability to cause seri-
ous infections in vulnerable catego-
ries of patients.

Candida auris, a novel and major
fungal pathogen in the C. haemulo-
nii complex (Metchnikowiaceae), was
first described in 2009 after its isola-
tion from the external ear canal of a
patient in Japan. This is an emerging
pathogen that has already been isolat-
ed on five continents?. However, the
earliest findings of multiple clades
of C. auris were present as of 1996%.
This fungal agent has appeared in dif-
ferent geographic locations simulta-
neously. Genomic analysis has been
performed through single nucleotide
polymorphism (SNP) analysis and
whole genome sequencing, and re-
sults suggest that genetically distinct
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clonal populations of C. aurisemerged
independently and simultaneously in
different geographical areas®. Each
clade presents unique and distinct
microbiological and clinical char-
acteristics. Clades I, III, and IV are
mostly linked with IFI and nosocomi-
al outbreaks. Warmer climates may
have aided in the transmission of C.
auris. It is hypothesized that halotol-
erance and thermotolerance of this
fungus may have originated from a
non-pathogenic strain found in high-
salinity regions, and with subsequent
evolutionary adaptation, this strain
may have overcome the thermal bar-
rier of mammals and become capable
of causing infection.

C. auris has become a significant
threat to global health. Its resistance
to multiple antifungal classes, high
mortality rates, ability to persist in
the environment and increasing in-
stances of outbreaks in healthcare
settings constitute major concerns
among healthcare practitioners
across the globe. A feature that dis-
tinguishes C. auris from other fungal
pathogens is its high capacity for skin
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colonization, where it persists for
extended periods of time, leading to
widespread outbreaks in healthcare
facilities via patient-to-patient trans-
mission. Infection and colonization
have been detected mainly in critical
care patients and affect both pediat-
ric and adult populations.

Some of the most prevalent reported
risk factors for C. auris colonization
and infection include: prolonged ex-
posure to broad-spectrum antimicro-
bial agents?*?¢, presence of indwelling
medical devices, diabetes mellitus,
prolonged intensive care unit (ICU)
hospitalization, haemodialysis, im-
munocompromised patients, admis-
sion to a hospital or long-term care
(LTC) facility, and transfer from a
healthcare facility with an ongoing C.
auris outbreak®%,

Many studies have reported the iso-
lation of C. auris from different
countries, such as South Korea, In-
dia, Pakistan, Kuwait, Israel, Oman,
South Africa, Colombia, Venezuela,
the United States, Canada, and Eu-
rope, including the United Kingdom,
Norway, Germany, and Spain?.
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Figure 1. Global epidemiology of Candida auris until October 2023. The grey color represents
countries with no C. auris cases published in the literature (Source: Silva |, Miranda IM, Costa-de-
Oliveira S. Potential Environmental Reservoirs of Candida auris: A Systematic Review. J Fungi
(Basel). 2024 May 8;10(5):336. doi: 10.3390/jof10050336. PMID: 38786691, PMCID: PMC11122228.)
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Hospitalizations during the COVID-19
pandemic, frequent surgical proce-
dures, subsequent use of catheters,
misuse and overuse of antimicrobials
and corticosteroids®*® and prolonged
hospitalization, led to higher possi-
bility of a fungal infection with mul-
tiresistant species’.

There has been an increasing num-
ber of reports of C. auris in COVID-19
acute care units during the pandem-
ic. Researchers suspect that these
outbreaks may be related to changes
in routine infection control practices
due to health crisis, such as limited
availability of gloves and poor clean-
ing and disinfection protocols?.

2. Cryptococcus species

Cryptococcus is a budding, encapsu-
lated, round to oval yeast found in
soil, decaying wood and avian excre-
ta. Historically, Cryptococcus was de-

scribed as two species: C. neoformans
(var. grubii and var. neoformans) and
C. gattii. More recent phylogenetic
analyses have distinguished seven
clades representing species (VNI-III
and VGI-1V), with varying virulence
and regional distribution’2.

Members of the C. neoformans and C.
gattii species complexes are the pre-
dominant causative agents of crypto-
coccosis, a life-threatening invasive
fungal infection, that poses a signifi-
cant global health challenge. C. neo-
formans is found worldwide, whereas
C. gattii most often is found in Aus-
tralia and similar subtropical regions
and in the U.S. Pacific Northwest.
Cryptococcus was included in the
World Health Organization Fungal
Priority Pathogens List, based on the
results of systematic reviews, expert
opinion, and data from the discrete
choice experiments’.

Cryplococciis necformans-gatiii species complex

| C. neoformans |

PN

C. mecformans C. necformans

var. grubif var. necformans
Serotype A Serotype D |
[vni| o [vnin [vniv]

Figure 2. Schematic representation of the new taxonomic classification of the Cryptococcus
species complexes (Source: Parums DV. Editorial: The World Health Organization (WHO) Fungal
Priority Pathogens List in Response to Emerging Fungal Pathogens During the COVID-19
Pandemic. Med Sci Monit. 2022 Dec 1;28:€939088. doi: 10.12659/MSM.939088. PMID: 36453055;
PMCID: PMC9724454)

C. neoformans and C. gattii species
are acquired through the respiratory
tract. Cryptococcus exists in the form
of dehydrated spores. The ubiqui-
tous spores are inhaled and then ex-

posed to alveolar macrophages. This
may lead to development of primary
pulmonary cryptococcosis, which
typically manifests as a self-limiting
lower respiratory tract infection with
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low-grade fevers and cough. In im-
munocompetent hosts, desiccated
yeast cells can be cleared by the im-
mune system or cause asymptomatic
latent infection. It is estimated that
up to 50% of primary infections are
asymptomatic®. Depending on dif-
ferent host-related risk factors, some
patients, like individuals living with
HIV/AIDS, may progress rapidly to
involvement of the central nervous
system, causing cryptococcal menin-
gitis, which is the most serious condi-
tion with a poor prognosis. Although
both C. neoformans and C. gattii spe-
cies can cause a similarly broad range
of cryptococcosis syndromes, C. neo-
formans has a predilection for CNS dis-
ease, and C. gattii is more often associ-
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ated with pulmonary disease and large
cryptococcomas.

The most prominent features of cryp-
tococcal pathogenesis are latency
and dormancy. The pathogen may re-
side within phagocytes for years with
incubation periods of 110 months for
C. neoformans and 24 months for C.
gatti. Reactivation of dormant cryp-
tococci becomes a concern when the
host’s immune system becomes com-
promised, potentially leading to inva-
sive disease. Most cases of invasive
infection with this yeast probably
arise from immunosuppression trig-
gering conversion from latent to ac-
tive infection, such as cytomegalovi-
rus infection and tuberculosis.

Figure 3. Global epidemiology of cryptococcal meningitis. Map depicting annual incidence of
cryptococcal meningitis, per 100,000 people, as of 2023 (Source: Kebabonye K, Jongman M, Loeto
D, Kasvosve |. Recent Advances in the Ecoepidemiology, Virulence and Diagnosis of Cryptococcus
neoformans and Cryptococcus gattii Species Complexes, The Open Microbiology Journal, Volume
17, 2023, ISSN 1874-2858, https://doi.org/10.2174/18742858-v17-e230419-2022-28. (https://www.

sciencedirect.com/science/article/pii/S1874285823000134)
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Cryptococcal meningitis remains the
most common cause of fungal men-
ingitis worldwide with over 220.000
new cases and 180,000 deaths annu-
ally. The highest burden of disease
is in low-income and middle-income
countries, especially in sub-Saharan
Africa, where HIV and AIDS are the
dominant risk factor. Patients who
survive cryptococcal meningitis may
have long-term sequelae, such as fo-
cal neurologic deficits, blindness,
deafness, cranial nerve palsies, and
memory deficits®. Overall, the cases
of cryptococcal meningitis have de-
creased since the advent of antiret-
roviral treatment for AIDS, especially
in high-income countries. More re-
cently, new, non-HIV immunocom-
promised risk groups, and putatively
immunocompetent individuals have
been increasingly reported in high-
income settings and clinicians should
consider this in all cases of lympho-
cytic meningitis. People with various
types of immunodeficiency or under-
lying conditions and even unrecog-
nized risk factors can also develop in-
vasive disease. In large cohort studies
of non-HIV cryptococcal meningitis,
no underlying predisposing factors
were found in 30% of US patients and
67% of Chinese patients®. Risk fac-
tors for non-HIV cryptococcal menin-
gitis include chronic corticosteroids
and treatment with biologic drugs?®,
diabetes mellitus, transplantation of
solid organs, malignancy and chemo-
therapy and liver cirrhosis. As corti-
costeroids potentiate fungal growth,
it is important to specifically exclude
cryptococcosis, if it is in the differ-
ential diagnosis before starting high-
dose corticosteroid therapy. Solid
organ transplant recipients account
for 15%-20% of non-HIV cryptococcal
meningitis cases, and this infection

is the third most common fungal in-
fection. Cryptococcal meningitis can
also develop in non-transplant, non-
HIV patients, in individuals with au-
toimmune and inflammatory condi-
tions (systemic lupus erythematosus,
rheumatoid arthritis and sarcoidosis).
Despite only limited long-term follow-
up data, clinical experience suggests
that cryptococcal meningitis is a rare
complication among patients on bio-
logics, given their widespread use in
patients with inflammatory gastro-
intestinal, dermatological and rheu-
matological conditions. Patients with
cancer account for approximately
25% of non-HIV cryptococcal menin-
gitis cohorts. Cryptococcosis mani-
festations vary with cancer type; pul-
monary and skin involvement is more
common in solid organ tumours and
meningitis in haematological malig-
nancy>.

Treatment options for invasive cryp-
tococcosis are limited, and devel-
opment of novel anti-cryptococcal
agents has been slow in recent de-
cades. Short courses (<7 days) of am-
photericin-based therapy combined
with flucytosine are currently the
preferred options for induction ther-
apy of cryptococcal meningitis. Cryp-
tococci are intrinsically resistant to
echinocandins. Optimal induction
treatment is followed by a prolonged
treatment with azoles’®.

3. Trichosporon species

In recent few decades, the world has
also been witnessing an increasing
incidence of infections caused by
non-Candida vyeast such as Tricho-
sporon species. These infections are
difficult to treat, due to an increased
resistance to amphotericin and echi-
nocandins, and have poor prognosis
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with high mortality rates®. Tricho-
sporon species is a ubiquitous yeast-
like basidiomycete, which is found
in water, soil, plants, mammals and
birds. Geographical distribution of
infections due to this yeast varies,
but data collected from the ARTEMIS
DISK Surveillance Study in the pe-
riod between 1997-2005 showed that
infections with Trichosporon were
found with equal frequencies in both
tropical and temperate areas, includ-
ing South America, the Middle East,
India, Southeast Asia, Africa, Eu-
rope, Japan, and parts of southeast-
ern USA*. In humans, Trichosporon
are occasionally found as part of gas-
trointestinal and oral microbiota and
can also colonize the skin and mu-
cosa of both respiratory and female
genital tracts.

The pathogenic potential of Tricho-
sporon has been first described by
Beigel, back in 1865, explaining it as
a cause of hair infection.. The classi-
fication of Trichosporon has changed
over the years. Initially, all Tricho-
sporon species were classified as T.
beigelii, and it was thought that the
strain mainly caused infection in
superficial hair, but rarely dissemi-
nated systemic infections. However,
research showed that T. beigelii has
great morphologic, physiological and
biochemical variation. In 1992, Gue-
ho et al. revised the taxonomy of 20
species of Trichosporon, including six
pathogens: T. asahii, T. asteroides, T.
cutaneum, T. inkin, T. mucoides and T.
ovoides®. Presently, 50 Trichosporon
species are recognized, of which 16
are known to be pathogenic. T. asahii
is the most important pathogen, with
a reported mortality rate of 70% as a
cause of invasive trichosporonosis.
In certain conditions, they can be-
come pathogenic causing wide spec-
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trum of infections®. They are capable
of causing superficial white piedra
in immunocompetent children and
young adults, particularly females.
The main reported risk factors for
transmission of superficial Trichospo-
ron species are close contact, poor
hygienic habits, long hair and humid-
ity. Sexual transmission has been re-
ported in cases of pubic white piedra.
Epidemiology of invasive trichospo-
ronosis is different. In patients with
underlying history of hematological
cancer, Trichosporon species is the
second most common cause of dis-

seminated yeast infections after Can-
dida.

The mortality attributed to Trichospo-
ron species in such patients, in spite
of the antifungal therapy, is very high
and ranges from 50-80%%. As per the
European Organization for Research
and Treatment of Cancer/Invasive
Fungal Infection Cooperative Group
(EORTC/IFICG) and the National In-
stitute of Allergy and Infectious Dis-
ease Mycoses Study Group (NIAID/
MSG), invasive trichosporonosis has
been classified as proven or probable
trichosporonosis, based on certain
criteria®. Risk factors for invasive
trichosporonosis include neutrope-
nia, chemotherapy, diabetes, renal
disease, HIV infection and immuno-
suppressive treatment, invasive med-
ical devices, severe burns and cystic
fibrosis*. Another group that has an
increased risk of invasive trichospo-
ronosis are premature neonates with
low birth weight, patients on steroids
or with intravascular catheters, pa-
tients undergoing heart valve surgery
or liver transplant, and patients with
kidney failure on dialysis*. Trichospo-
ron species has many virulence fac-
tors that permit the establishment
of the disease and its dissemination



within the human body. It has adher-
ence abilities and capacity to form
biofilms on implanted devices. It also
produces and secretes enzymes for
scavenging nutrients from the envi-
ronment¥. Most invasive Trichospo-
ron species infections start with col-
onization and break in the integrity
of the skin and mucous membranes,
with subsequent seeding the blood-
7. aguatile  |FM 48573
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7. coremiiforme T IFM 18963
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NI

stream. This usually happens after
an aggressive chemotherapy-induced
epithelial damage or implantation of
intravascular catheters. Antibiotics
may also increase the risk of develop-
ing invasive Trichosporon infections.
The guidelines developed by ESCMID/
ECMM in 2014 recommend voricon-
azole for the treatment of trichospo-
rosis*,

T faecale T T.faecale T
T. asteroides T
T. asteroides

T.asteroides T
T.asteroides

MP

Figure 4. Phylogenetic trees based on nucleotide sequences of cyt b genes (Source: Biswas SK,
Wang L, Yokoyama K, Nishimura K. Molecular phylogenetics of the genus trichosporon inferred
from mitochondrial cytochrome B gene sequences. J Clin Microbiol. 2005;43(10):5171-8. doi:
10.1128/JCM.43.10.5171-5178.2005. PMID: 16207980; PMCID: PMC1248456.)

4. Magnusiomyces capitatus

Magnusiomyces capitatus (previously
known as Saprochaete capitate, Geot-
richum capitatum, Trichosporon capi-
tatum or Blastoschizomyces capitatus)
is an ascomycetous yeast, which is
found in soil and animals. It is also
found as part of the normal micro-
biota of human skin, respiratory
and gastrointestinal tract in healthy
people. M. capitatus, recently defined
as an emerging pathogen, is mostly
found in patients with hematologi-
cal malignancies, particularly acute

leukemia®. It is responsible for lethal
fungaemia in patients with profound
neutropenia in the haematology set-
tings>. Systemic infections caused
by M. capitatus have been mainly
documented in the Mediterranean
countries of Europe, including Ita-
ly*!, France*, and Spain®?. They have
also been reported in other areas of
Europe (Slovakia, Switzerland, and
the Czech Republic)*. M. capitatus
was also recently isolated from an
alcoholic male patient in the United
States®. M. capitatus has also been
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responsible for prosthetic valve en-
docarditis®*®. Uncontrolled diabetes
mellitus is also a high risk for inva-
sive infection””.

According to guidelines developed by
the European Confederation for Med-
ical Mycology and the European Soci-
ety for Clinical Microbiology and In-

fectious Diseases, recommendations
based on treatment response have
been noted following amphotericin
B formulation with or without flucy-
tosine treatment and voriconazole,
The use of echinocandins might be
associated with worse outcomes.

Figure 5. Magnusiomyces capitatus, peritoneal fluid, 5-day culture on Sabouraud Dextrose Agar
(Source: D'Assumpcao C, Lee B, Heidari A. A Case of Magnusiomyces capitatus Peritonitis Without
Underlying Malignancies. J Investig Med High Impact Case Rep. 2018;6:2324709618795268. doi:
10.1177/2324709618795268. PMID: 30151397; PMCID: PMC6104205.).

5. Geotrichum candidum

Geotrichum candidum (Galactomyces
candidus) is a filamentous ascomyce-
tous yeast that forms arthroconidia
and is ubiquitous in soil, decaying or-
ganic matter and foods and is used in
cheese manufacture.

Among 505 cases of rare invasive
mycoses included in the recent Fun-
giScope™ registry, 23 cases of inva-
sive infections caused by these fungi
have been reported from 10 countries
over a 12-year period®. All cases of in-
vasive infections were confirmed in
adults and previous chemotherapy
with subsequent neutropenia was the
most common co-morbidity. Fungae-
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mia was confirmed in 14 (61%) cases
and deep organ involvement included
lungs, liver, spleen, central nervous
system and kidneys. The identified
fungi were S. capitata (n=14), S. clava-
ta (n=5), G. candidum (n=2) and Geotri-
chum species (n=2). Overall mortality
in this study was 65% (n=15). Initial
echinocandin treatment was associ-
ated with worse outcome at day 30
when compared to treatment with
other antifungals (amphotericin B
+ flucytosine, voriconazole, flucon-
azole and itraconazole) (P=.036). Echi-
nocandins are not an option for these
infections.
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Figure 6. Geotrichum candidum culture (Source: Victoria, CC BY-SA 4.0, https://upload.wikimedia.
org/wikipedia/commons/7/7d/Geotrichium_candidum.jpg)

6. Rhodotorula

Rhodotorula is a common environmen-
tal yeast found in air, soil, lakes, ocean
water, milk, and fruit juice. Rhodotorula
species have been isolated from skin,
sputum and digestive tract samples in-
cluding faeces, as part of the normal hu-
man microbiota. Rhodotorula produces
pink to red colonies and blastoconidia
that are unicellular lacking pseudohy-
phae and hyphae. The genus contains
46 species®. Three of these species have
been described as rare human patho-
gens: R. mucilaginosa, R. glutinis and R.
minuta. R. mucilaginosa account for the
majority of infections (74-79%) followed
by R. glutinis (7.7%)"". The most frequent

risk factor is a CVC and underlying hae-
matological disease®.

Fungaemia, peritonitis, endocarditis or
meningitis have also been reported in
other patient groups (AIDS, extensive
burns, continuous ambulatory perito-
neal dialysis, cirrhosis, those who have
undergone intra-abdominal surgery, in-
travenous drug abusers and critically ill
ICU patients)®. Rhodotorula has a high
affinity to adhere to plastic surfaces
and can form biofilms. Hence, medi-
cal equipment can easily become colo-
nized. Rhodotorula species are regarded
as intrinsically resistant to azoles and
echinocandins, but susceptible to am-
photericin B and flucytosine®.

Figure 7. Rhodotorula culture (Source: Hernandez-Almanza A, Cesar Montanez J, et al.
Rhodotorula glutinis as source of pigments and metabolites for food industry, Food Bioscience,
Volume 5, 2014, Pages 64-72, ISSN 2212-4292, https://doi.org/10.1016/].fbio.2013.11.007.

(https://www.sciencedirect.com/science/article/pii/S2212429213000849)
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7. Kodamaea ohmeri

Kodamaea (Pichia) ohmeri (previously
known as Pichia ohmeri or Yamadazy-
ma ohmeri) is a rarely occurring yeast
that has recently been identified as
a cause of fungaemia, endocarditis,
cellulitis, funguria and peritonitis in
neonates and children®, and in both
immunocompromised® and immu-
nocompetent adult patients®”. Most

cases of invasive infections with this
species have been treated with lipo-
somal amphotericin B (or amphoteri-
cin B deoxycholate) showing good re-
sponse®s,

As for treatment recommendation,
amphotericin B appears to be an at-
tractive first-line agent and echino-
candins are possible promising alter-
natives.

Figure 8. Kodamea (Pichia) ohmeri culture (Al-Sweih N, Khan ZU, Ahmad S, Devarajan L, Khan S,
Joseph L, Chandy R. Kodamaea ohmeri as an emerging pathogen: a case report and review of the
literature. Med Mycol. 2011;49(7):766-70. doi: 10.3109/13693786.2011.572300. PMID: 21438792.)

8. Malassezia

Malassezia species are basidiomyce-
tous yeasts, which are the most prev-
alent fungi colonizing human skin
from birth and throughout life®,
They are lipophilic, relying on ex-
ogenous (host) lipids for growth. It
is difficult to detect them because
they grow poorly in culture. Malas-
sezia genus comprises 18 species
with numerous functionally distinct
strains based on morphology, physi-
ological biochemistry and molecular
biology’!. Systemic infections due to
lipid-dependent M. furfur mainly oc-
cur in premature neonates, infants
on lipid-containing parenteral nu-
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trition and children and adults with
various forms of immunosuppression
and underlying diseases®. In addition
to fungemia, pneumonia, peritonitis,
meningitis and disseminated infec-
tion caused by M. furfur have also
been continuously reported world-
wide in recent years’2”,

Susceptibility testing of Malassezia
has not been standardized because
growth is not supported on the stan-
dard RPMI growth medium recom-
mended for yeast testing by EUCAST.
Most reports on treatment of these
infections recommend fluconazole
and amphotericin B, which are the
preferred agents™.
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Figure 9. Malassezia furfurin skin scale from a patient with tinea versicolor (Source: CDS, Centers
for Disease Control and Prevention, part of the United States Department of Health and Human
Services. http://phil.cdc.gov/phil_images/20030610/22/PHIL_3938_lores)

9. Saccharomyces

Saccharomyces cerevisiae, also
known as baker’s or brewer’s yeast,
is a low pathogenic ascomycetous
yeast. S. cerevisiae may be found as
a harmless and transient digestive
commensal and colonizer of mucosal
surfaces of healthy people. Invasive
infections caused by S. cerevisiae are
increasingly reported in the general
population, particularly in patients
with risk factors and immunocom-
promised patients. In 1980, Mary L.
Eschete and et al. reported the first
case of fungemia caused by S. cere-
visiae, showing its opportunistic
characteristics”. Since then, cases
of invasive infections have been re-
ported all over the world, identify-
ing S. cerevisiae as the 5™ cause of
fungemia’. Cases of fungaemia and
disseminated infection have been
described in vulnerable patients af-
ter treatment with S. boulardii probi-
otic compound”. In a recent review
of 92 cases of invasive Saccharomy-

ces infections, S. boulardii accounted
for half of these, was less often as-
sociated with an underlying immu-
nocompromised condition and more
often associated with a favourable
outcome’. The use of probiotics in
debilitated patients, ICU patients,
neutropenic patients, preterm new-
borns or in patients with central
lines should be carefully considered.

For the treatment of these invasive
mycoses, most clinical experience
exists with fluconazole and ampho-
tericin B, for which favourable out-
come was observed in 60% and 77.7%
of cases, respectively’. Finally, am-
photericin B with or without flucy-
tosine has been used in severe or
recurrent cases’. Also, it is strongly
recommended that probiotics con-
taining S. boulardii are discontinued
and indwelling foreign bodies are re-
moved, when possible, because this
organism is capable of forming bio-
films’®.
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Figure 10. Morphology of Saccharomyces cerevisiae yeast culture (,Biotechnologia Acta“v. 6, no.
2, 2013 https://doi.org/10.15407 /biotech6.02.097, P. 97-106, Bibliography 13, English. Universal
Decimal classification: 634.8:632.93:661.74:663.2)

10. Sporobolomyces

Sporobolomyces species are usually
red-to-orange pigmented basidiomy-
cetous yeasts, that, along to regular
budding cells, also form ballistoco-
nidia®’. These conidia are discharged
into the air. Phylogenetically, they
are closely related to Rhodotorula
species. The 53 species occur widely
in nature, especially in lake water,
on tree leaves and in air, and with
its natural habitat in humans, mam-
mals, birds and plants. Sporobolomy-
ces have been reported as the cause of
sporadic invasive bloodstream infec-
tions, particularly in AIDS patients®..

A single case of meningitis due to

Sporobolomyces roseus was reported
in an immunocompetent cocaine
abuser®. This fungus was also de-
scribed in a case of cerebral infec-
tion, fungemia, bone marrow involve-
ment in AIDS patients, a prosthetic
cranioplasty infection, encephalitis,
and lymphadenitis®®>. Amphotericin
B has been efficacious in fungaemic
and meningitis cases. A single case of
endogenous endophthalmitis due to
Sporobolomyces salmonicolor was re-
ported in a patient with a history of
pelvic inflammatory disease 2 years
earlier. The patient recovered follow-
ing intravitreal amphotericin B (5 pg)
and systemic voriconazole of 200 mg
twice daily®.

Figure 10. Sporobolomyces roseus culture (Source: Sharma V, Shankar J, Kotamarthi V.
Endogeneous endophthalmitis caused by Sporobolomyces salmonicolor. Eye (Lond).
2006;20(8):945-6. doi: 10.1038/sj.eye.6702051.
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Novel environmental fungi are in-
creasingly being recognized as poten-
tial human pathogens, driven by eco-
logical and climate changes, as well
as human activities. The continued
emergence of multidrug-resistant
and environmentally adaptable fun-
gal pathogens is expected to chal-
lenge public health systems in future,
necessitating enhanced surveillance,
innovative antimicrobial treatments
and global collaboration to mitigate
their impact on public human health.

References

1. Bahram M, Netherway T. Fungi
as mediators linking organisms
and ecosystems. FEMS Micro-
biol Rev 2022;46:fuab058. DOI:
10.1093/femsre/fuab058

2.  Wickes BL, Wiederhold NP. Mo-
lecular diagnostics in medi-
cal mycology. Nat Commun
2018;9:5135. DOI: 10.1038/s41467-
018-07553-8

3. Fisher MC, Hawkins NJ, Sanglard
D, Gurr SJ. Worldwide emer-
gence of resistance to antifungal
drugs challenges human health
and food security. Science 2018;
360:739-742. DOI: 10.1126/sci-
ence.aap/7999

4. Bongomin F, Gago S, Oladele
RO, Denning DW. Global and
multi-national prevalence of
fungal diseases-estimate preci-
sion. J Fungi (Basel) 2017;3:57
DOI: 10.3390/jof3040057 PMID:
29371573 PMCID: PM(C5753159

5. Hlaing KM, Monday LM, Nucci
M, Nouér SA, Revankar SG. In-
vasive fungal infections asso-
ciated with COVID-19. ] Fungi
(Basel) 2023;9:667. DOI: 10.3390/

10.

jof9060667 PMID: 37367582 PM-
CID: PM(C10301787

Ulloque-Badaracco JR, Copa-
ja-Corzo C, Hernandez-Busta-
mante FEA, Cabrera-Guzman
JC, Huayta-Cortez MA, Carbal-
lo-Tello XL, et al. Fungal in-
fections in patients after
recovering from COVID-19: a sys-
tematic review. Ther Adv Infect
Dis 2024;11:20499361241242963.
DOI: 10.1177/20499361241242963
PMID: 38628602 PMCID:
PM(C11018917

Parums DV. Editorial: The World
Health Organization (WHO)
Fungal priority pathogens list
in response to emerging fun-
gal pathogens during the CO-
VID-19 pandemic. Med Sci Monit
2022;28:939088. DOI: 10.12659/
MSM.939088 PMID: 36453151 PM-
CID: PM(C9718879

Talapko J, Juzbasi¢ M, Matijevi¢
T, Pustijanac E, Beki¢ S, Kotris I,
et al. Candida albicans-the viru-
lence factors and clinical mani-
festations of infection. ] Fungi
(Basel) 2021;7:79. DOI: 10.3390/
jof7020079 PMID: 33578720 PM-
CID: PM(C7917421

Nobile CJ, Johnson AD. Can-
dida albicans biofilms and hu-
man disease. Annu Rev Micro-
biol 2015;69:71-92. DOI: 10.1146/
annurev-micro-091014-104330
PMID: 26488273 PMCID:
PMC(C4930275

Pappas PG, Lionakis MS, Aren-
drup MC, Ostrosky-Zeichner L,
Kullberg BJ. Invasive candidiasis.
Nat Rev Dis Primers2018;4:18026.
DOI: 10.1038/nrdp.2018.26 PMID:
29749387

115



11.

12.

13.

14.

15.

Pfaller MA, Diekema DJ, Turnidge
JD, Castanheira M, Jones RN.
Twenty Years of the SENTRY An-
tifungal Surveillance Program:
Results for Candida species from
1997-2016. Open Forum Infect
Dis 2019;6:S79-S94. DOI: 10.1093/
ofid/ofy358 PMID: 30895218 PM-
CID: PMC6419935

Tsay SV, Mu Y, Williams S, Ep-
son E, Nadle J, Bamberg WM,
et al. Burden of Candidemia
in the United States, 2017. Clin
Infect Dis 2020;71:e449-e453.
DOI: 10.1093/cid/ciaal93 PMID:
32052053 PMCID: PM(C7454394

Meneghello S, Bernabe G, Di Pi-
etra G, Di Sopra S, Del Vecchio C,
Cattelan AM, et al. Prevalence,
species distribution and resis-
tance of candidemia in pediatric
and adult patients in a Northeast
Italy University Hospital. ] Fungi
(Basel) 2024;10:707. DOI: 10.3390/
jof10100707 PMID: 38921363 PM-
CID: PM(C11207590

Tortorano AM, Peman J, Bern-
hardt H, Klingspor L, Kibbler CC,
Faure O, et al. Epidemiology of
candidaemia in Europe: results
of 28-month European Con-
federation of Medical Mycology
(ECMM) hospital-based surveil-
lance study. Eur J Clin Microbiol
Infect Dis 2004;23:317-22. DOI:
10.1007/s10096-004-1109-5 PMID:
15057529

Klingspor L, Tortorano AM, Pe-
man J, Willinger B, Hamal P,
Sendid B, et al. Invasive Candida
infections in surgical patients in
intensive care units: a prospec-
tive, multicentre survey initi-
ated by the European Confedera-
tion of Medical Mycology (ECMM)
(2006-2008). Clin Microbiol In-

116

16.

17.

18.

19.

20.

fect 2015;21:87.e1-87.e10. DOI:
10.1016/j.cmi.2014.08.011 PMID:
25270048

Hoenigl M, Salmanton-Garcia
J, Walsh TJ, Nucci M, Neoh CF,
Jenks JD, et al. Guideline adher-
ence and survival of patients
with candidaemia in Europe: re-
sults from the ECMM Candida
III multinational European ob-
servational cohort study. Lancet
Infect Dis 2023;23:751-761. DOI:
10.1016/S1473-3099(22)00872-6
PMID: 36738747

Wolfgruber S, Sedik S, Klingspor
L, Tortorano A, Gow NAR, Lagrou
K, et al. Insights from Three Pan-
European Multicentre Studies on
invasive Candida infections and
outlook to ECMM Candida IV.
Mycopathologia. 2024;189(4):70.
doi: 10.1007/s11046-024-00871-0.

Montagna MT, Lovero G, Borghi
E, Amato G, Andreoni S, Campion
L, et al. Candidemia in intensive
care unit: a nationwide prospec-
tive observational survey (GISIA-3
study) and review of the Europe-
an literature from 2000 through
2013. Eur Rev Med Pharmacol Sci
2014;18:661-74. PMID: 24706310

Parambath S, et al. Candida
albicans-A systematic review
to inform the World Health
Organization Fungal Prior-
ity Pathogens List. Med Mycol
2024;62:myae045. DOI: 10.1093/
mmy/myae045 PMID: 38813851.

Arsi¢ Arsenijevic¢ V, OtaSevic S,
Jani¢ D, Mini¢ P, MatijaSevi¢ ],
Medi¢ D, et al. Candida blood-
stream infections in Serbia: First
multicentre report of a national
prospective observational survey
in intensive care units. Myco-



21.

22.

23.

24.

25.

ses. 2018;61(2):70-78. doi: 10.1111/
myc.12700. Epub 2017 Sep 28.
PMID: 28872706.

Satoh K, Makimura K, Hasumi
Y, Nishivama Y, Uchida K, Ya-
maguchi H. Candida auris sp.
nov., a novel ascomycetous
yeast isolated from the exter-
nal ear canal of an inpatient in
a Japanese hospital. Microbiol
Immunol 2009;53:41-44. DOI:
10.1111/j.1348-0421.2008.00083.x
PMID: 19161556

Chowdhary A, Sharma C, Meis JF.
Candida auris: A rapidly emerg-
ing cause of hospital-acquired
multidrug-resistant fungal in-
fections globally. PLoS Pathog
2017;13:e1006290. DOI: 10.1371/
journal.ppat.1006290 PMID:
28542486 PMCID: PM(C5436850

Du H, Bing J, Hu T, Ennis CL,
Nobile CJ, Huang G. Candi-
da auris: Epidemiology, biol-
ogy, antifungal  resistance,
and virulence. PLoS Pathog
2020;16:e1008921. DOI: 10.1371/
journal.ppat.1008921 PMID:
33091071 PMCID: PMC7580931

Caceres DH, Mohd Tap R, Alas-
truey-Izquierdo A, Hagen F.
Detection and control of fun-
gal outbreaks. Mycopathologia
2020;185:741-745. DOI: 10.1007/
s11046-020-00479-0 PMID:
32737792 PMCID: PMC7393625

Cortegiani A, Misseri G, Fasciana
T, Giammanco A, Giarratano A,
ChowdharyA. Epidemiology, clin-
ical characteristics, resistance,
and treatment of infections by
Candida auris. J Intensive Care
2018;6:69. DOI: 10.1186/s40560-
018-0342-4 PMID: 30410743 PM-
CID: PMC6206787

26.

27.

28.

29.

30.

31

de Cassia Orlandi Sardi J, Silva
DR, Soares Mendes-Giannini
MJ, Rosalen PL. Candida auris:
Epidemiology, risk factors, vir-
ulence, resistance, and thera-
peutic options. Microb Pathog
2018;125:116-121. DOI: 10.1016/j.
micpath.2018.09.014 PMID:
30223078

Sarma S, Upadhyay S. Current
perspective on emergence, di-
agnosis and drug resistance in
Candida auris. Infect Drug Re-
sist 2017;10:155-165. DOI: 10.2147/
IDR.S116229 PMID: 28652784 PM-
CID: PM(C5478407

Jeffery-Smith A, Taori SK,
Schelenz S, Jeffery K, John-
son EM, Borman A, et al. Can-
dida auris: a review of the lit-
erature. Clin Microbiol Rev
2017;31:e00029-17. DOI: 10.1128/
CMR.00029-17 PMID: 29142078
PMCID: PMC5740971

Mattingly AS, Rose L, Edding-
ton HS, Trickey AW, Cullen MR,
Morris AM, et al. Trends in US
Surgical Procedures and Health
Care System Response to Poli-
cies Curtailing Elective Surgical
Operations During the COVID-19
Pandemic. JAMA Netw Open
2021;4:e2138038. DOI: 10.1001/
jamanetworkopen.2021.38038
PMID: 34878550 PMCID:
PM(C8654261

Suleyman G, Alangaden GJ. Nos-
ocomial fungal infections: epide-
miology, infection control, and
prevention. Infect Dis Clin North
Am  2021;35:1027-1053.  DOI:
10.1016/j.idc.2021.07.003  PMID:
34752221

Abalkhail A, Alslamah T. Insti-
tutional factors associated with

117



32.

33.

34.

35.

36.

37.

infection prevention and control
practices globally during the in-
fectious pandemics in resource-
limited settings. Vaccines (Basel)
2022;10:1811. DOI: 10.3390/vac-
cines10111811 PMID: 36366344
PMCID: PM(C9696233

Dao A, Kim HY, Garnham K,
Kidd S, Sati H, Perfect J, et al.
Cryptococcosis-a systematic re-
view to inform the World Health
Organization Fungal Prior-
ity Pathogens List. Med Mycol
2024;62:myae043. DOI: 10.1093/
mmy/myae043 PMID: 38813850

Pappas PG. Cryptococcal infec-
tions in non-HIV-infected pa-
tients. Trans Am Clin Clima-
tol Assoc 2013:124:61-79. PMID:
23874010 PMCID: PM(C3715907

May R, Stone N, Wiesner D, et
al. Cryptococcus: from envi-
ronmental saprophyte to global
pathogen. Nat Rev Microbiol
2016;14:106-117. DOI: 10.1038/nr-
micro.2015.6 PMID: 26772911 PM-
CID: PM(C4978612

Zhu LP, Wu JQ, Xu B, et al. Cryp-
tococcal meningitis in non-HIV-
infected patients in a Chinese
tertiary care hospital, 1997-
2007. Med Mycol 2010;48:570-9.
DOI: 10.3109/13693780903437876
PMID: 20055735

Li X, Paccoud O, Chan KH, Yuen
KY, Manchon R, Lanternier F,
et al. Cryptococcosis associated
with biologic therapy: A Narra-
tive Review. Open Forum Infect
Dis 2024;11:0fae316. DOI: 10.1093/

ofid/ofae316 PMID: 38868304
PMCID: PMC11167057
Gangadharan SS, Raveendra-

nath S. Cryptococcosis in oncol-
ogy patients: a case series in a

118

38.

39.

40.

41.

42.

43.

tertiary care cancer centre. Iran
J Microbiol 2023;15:821-825. DOI:
10.18502/ijm.v15i6.14159 PMID:
38156302 PMCID: PM(C10752525

Spadari CdC, Wirth F, Lopes LB,
Ishida K. Newapproachesforcryp-
tococcosis treatment. Microor-
ganisms 2020;8:613. DOI:10.3390/
microorganisms8040613 PMID:
32429590 PMCID: PM(C7232474

Li H, Guo M, Wang C, Li Y, Fer-
nandez AM, Ferraro TN, et al.
Epidemiological study of Tricho-
sporon asahii infections over
the past 23 years. Epidemiol In-
fect 2020;148:e169. DOI: 10.1017/
S0950268820001624 PMID:
32703332 PMCID: PMC7439294

Nguyen JK, Schlichte MJ, Schady D,
Pourciau CY. Fatal disseminated
Trichosporon asahii fungemia in
a child with acute lymphoblastic
leukemia and a morbilliform erup-
tion. Pediatr Dermatol 2018;35:e86-
e87. DOI: 10.1111/pde.13471 PMID:
29457264

Colombo AL, Padovan AC,
Chaves GM. Current knowledge
of Trichosporon spp. and Tricho-
sporonosis. Clin Microbiol Rev
2011;24:682-700. DOI: 10.1128/
CMR.00003-11 PMID: 21976604
PMCID: PM(C3194828

Guého E, Improvisi L, de Hoog
GS, Dupont B. Trichosporon on
humans: a practical account. My-
coses 1994;37:3-10. DOI: 10.1111/
j.1439-0507.1994.tb00277.x PMID:
7935588

Ruan SY, Chien JY, Hsueh PR. In-
vasive trichosporonosis caused
by Trichosporon asahii and oth-
er unusual Trichosporon species

at a medical center in Taiwan.
Clin Infect Dis 2009;49:0-7. DOI:



44.

45.

46.

47.

48.

49.

10.1086/599614 PMID: 19489715

De Pauw B, Walsh TJ, Donnelly
JP, et al. Revised definitions of
invasive fungal disease from the
European Organization for Re-
search and Treatment of Cancer/
Invasive Fungal Infections Coop-
erative Group and the National
Institute of Allergy and Infectious
Diseases Mycoses Study Group
(EORTC/MSG) Consensus Group.
Clin Infect Dis 2008;46:1813-
1821. DOI: 10.1086/588660 PMID:
18462102

de Almeida Junior JN, Henne-
quin C. Invasive Trichosporon
infection: a systematic review on
a re-emerging fungal pathogen.
Front Microbiol 2016;7:1629. DOI:
10.3389/fmich.2016.01629 PMID:
27803695 PMCID: PMC5067569

Kourti M, Roilides E. Invasive
trichosporonosis in neonates
and pediatric patients with ma-
lignancies or hematologic disor-
ders. Pathogens 2022;11:242. DOI:
10.3390/pathogens11020242 PMID:
35215202 PMCID: PM(C8878408

Castano G, Yarrarapu SNS, Mada
PK. Trichosporonosis. StatPearls
2025. Available from: https://
www.ncbi.nlm.nih.gov/books/
NBK482477/ PMID: 29493986

Go SE, Lee KJ, Kim Y, Choi
JK, Kim YJ, Lee DG. Cathe-
ter-related trichosporon asa-
hii bloodstream infection in a
neutropenic patient with myelo-
dysplastic syndrome. Infect Che-
mother 2018;50:138-143. DOI:
10.3947/ic.2018.50.2.138  PMID:
29968983 PMCID: PM(C6026363

Dolan AM, Hoban T, Brennan G,
Flanagan PR, O’Rourke S, Teoh
TK, et al. Magnusiomyces capi-

50.

51.

52.

53.

tatus, an Unusual Cause of In-
vasive Fungal Infections in Neu-
tropenic Patients: Case Reports
and Outbreak Investigation. My-
copathologia 2025;190:8. DOI:
10.1007/s11046-024-00871-0

Ortiz-Alvarez J, Reséndiz-San-
chez], Juarez-Montiel M, Hernan-
dez-Garcia JA, Vazquez-Guerrero
E, Hernandez-Rodriguez C, et al.
Invasive fungal infection caused
by Magnusiomyces capitatus in
an immunocompromised pe-
diatric patient with acute lym-
phoblastic leukemia in Mexico
City: A case report. J Fungi (Ba-
sel) 2022;8:851. DOI: 10.3390/
jof8080851 PMID: 36012842 PM-
CID: PM(C9409336

Bouza E, Munoz P. Invasive in-
fections caused by Blastoschizo-
myces capitatus and Scedospo-
rium spp. Clin Microbiol Infect
2004;10(Suppl  1):76-85.  DOI:
10.1111/j.1470-9465.2004.00862.x
PMID: 14748806

Martino R, Salavert M, Parody
R, Tomas JF, De La Camara R,
Vazquez L, et al. Blastoschizomy-
cescapitatusinfectionin patients
with leukemia: Report of 26 cas-
es. Clin Infect Dis 2004;38:335-
341. DOI: 10.1086/380643 PMID:
14727210

Girmenia C, Pagano L, Martino B,
D’Antonio D, Fanci R, Specchia G,
et al. Invasive infections caused
by Trichosporon species and Ge-
otrichum capitatum in patients
with hematological malignan-
cies: A retrospective multicenter
study from Italy and review of
the literature. J Clin Microbiol
2005;43:1818-1828. DOI: 10.1128/
JCM.43.4.1818-1828.2005 PMID:
15814998 PMCID: PM(C1081355

119



54.

55.

56.

57.

58.

59.

Buchta V, Bolehovska R, Hovo-
rkova E, Cornely OA, Seidel
D, Zak P. Saprochaete clava-
ta invasive infections- A new
threat to hematological-onco-
logical patients. Front Micro-
biol 2019;10:2196. DOI: 10.3389/
fmicbh.2019.02196 PMID: 31608031
PMCID: PM(C6769163

D’Assumpcao C, Lee B, Heidari
A. A Case of Magnusiomyces
capitatus peritonitis without un-
derlying malignancies. ] Inves-
tig Med High Impact Case Rep
2018;6:2324709618795268. DOIL:
10.1177/2324709618795268 PMID:
30186588 PMCID: PM(C6123035

Meena S, Singh G, Dabas Y,
Rajshekhar P, Xess 1. Geotri-
chum candidum in infective
endocarditis. J Glob Infect Dis
2017;9:127-128. DOI: 10.4103/jgid.
jgid_29_17 PMID: 28855777 PM-
CID: PMC5563030

Duran Graeff L, Seidel D, Veh-
reschild MJ, Hamprecht A, Kindo
A, Racil Z, et al. Invasive infec-
tions due to Saprochaete and
Geotrichum species: report of 23
cases from the FungiScope Reg-
istry. Mycoses 2017;60:273-279.
DOI: 10.1111/myc.12595 PMID:
28066941

Mawad TN, Alfaifi RA, Almazyed
OM, Alhumaidi RA, Alsubaie AM.
Fungemia due to Saprochaete
capitata in a non-neutropenic
critically ill patient. Cureus
2023;15:e51147. DOI: 10.7759/cu-
reus.51147 PMID: 38196941 PM-
CID: PM(C10776090

Pottier I, Gente S, Vernoux
JP, Guéguen M. Safety assess-
ment of dairy microorganisms:
Geotrichum candidum. Int ]

120

60.

61.

62.

63.

64.

65.

Food Microbiol 2008;126:327-
32.  DOIL  10.1016/j.ijfoodmi-
cro.2008.05.013 PMID: 18579247

Kurtzman C, Fell JW. The Yeasts
- A Taxonomic Study. 4th Edi-
tion. Elsevier; 1998. ISBN:
9780080542690

Wirth F, Goldani LZ. Epidemiol-
ogy of Rhodotorula: an emerging
pathogen. Interdiscip Perspect
Infect Dis 2012;2012:465717.
DOI: 10.1155/2012/465717 PMID:
22536240 PMCID: PM(C3321564

Garcia-Suarez J, Goémez-Her-
ruz P, Cuadros JA, Burgaleta
C. Epidemiology and outcome
of Rhodotorula infection in
haematological patients. My-
coses 2011;54:318-24. DOI:
10.1111/j.1439-0507.2009.01807.x
PMID: 19925568

Spiliopoulou A, Anastassiou
ED, Christofidou M. Rhodotor-
ula fungemia of an intensive
care unit patient and review of
published cases. Mycopatho-
logia 2012;174:301-309.  DOI:
10.1007/s11046-012-9553-8 PMID:
22623107

Jarros IC, Veiga FF, Corréa JL,
Barros ILE, Gadelha MC, Voida-
leski MF, et al. Microbiological
and virulence aspects of Rho-
dotorula mucilaginosa. EXCLI ]
2020;19:687-704. DOI: 10.17179/
excli2020-1198 PMID: 32665771
PMCID: PMC7349877

Zhou M, Li Y, Kudinha T, Xu Y,
Liu Z. Kodamaea ohmeri as an
Emerging Human Pathogen: A
Review and Update. Front Mi-
crobiol 2021:;12:736582. DOI:
10.3389/fmich.2021.736582 PMID:
34566932 PMCID: PMC8456036



66.

67.

68.

69.

70.

71.

Santino I, Bono S, Borruso L,
Bove M, Cialdi E, Martinelli D,
et al. Kodamaea ohmeri isolate
from two immunocompromised
patients: first report in Italy.
Mycoses 2013;56:179-81. DOI:
10.1111/j.1439-0507.2012.02232.x
PMID: 22882303

Shaaban H, Choo HF, Boghos-
sian J, Perez G. Kodamaea ohm-
eri fungemia in an immuno-
competent patient treated with
micafungin: case report and
review of the literature. Myco-
pathologia 2010;170:223-8. DOI:
10.1007/s11046-010-9316-3 PMID:
20490634

Arendrup MC, Boekhout T, Akova
M, Meis JF, Cornely OA, Lorthol-
ary O. ESCMID and ECMM joint
clinical guidelines for the diag-
nosis and management of rare
invasive vyeast infections. Clin
Microbiol Infect 2014;20(Sup-
pl 3):76-98. DOI: 10.1111/1469-
0691.12360 PMID: 24476100

Rhimi W, Theelen B, Boekhout T,
Otranto D, Cafarchia C. Malasse-
zia spp. Yeasts of emerging con-
cern in fungemia. Front Cell In-
fect Microbiol 2020;10:370. DOI:
10.3389/fcimb.2020.00370 PMID:
32850475 PMCID: PMC7396662

Findley K, Oh ], Yang ], Conlan S,
Deming C, Mever JA, et al. Topo-
graphic diversity of fungal and
bacterial communities in human
skin. Nature 2013;498:367-70.
DOI: 10.1038/naturel12171 PMID:
23698366 PMCID: PM(C3718715

Vijaya Chandra SH, Srinivas
R, Dawson TL Jr, Common JE.
Cutaneous Malassezia: com-
mensal, pathogen, or protec-
tor? Front Cell Infect Microbiol

72.

73.

74.

75.

76.

77.

2021;10:614446. DOI: 10.3389/
fcimb.2020.614446 PMID:
33585270 PMCID: PMC7873985

Baker RM, Stegink RJ, Manaloor
JJ, Schmitt BH, Stevens JC, Chris-
tenson JC. Malassezia pneu-
monia: A rare complication
of parenteral nutrition ther-
apy. JPEN ] Parenter Enteral
Nutr 2016;40:1194-1196. DOI:
10.1177/0148607115588337 PMID:
26002912

Rosales CM, Jackson MA, Zwick
D. Malassezia furfur meningitis
associated with total parenteral
nutrition subdural effusion. Pe-
diatr Dev Pathol 2004;7:86-90.
DOI: 10.1007/s10024-003-0101-x
PMID: 15255036

Tragiannidis A, Bisping G,
Koehler G, Groll AH. Minire-
view: Malassezia infections in
immunocompromised patients.
Mycoses 2010;53:187-95. DOI:
10.1111/j.1439-0507.2009.01814.x
PMID: 19925569

Eschete ML, West BC. Saccha-
romyces cerevisiae septicemia.
Arch Intern Med 1980;140:1539.
PMID: 7425782

Fadhel M, Patel S, Liu E, Levitt
M, Asif A. Saccharomyces cere-
visiae fungemia in a critically ill
patient with acute cholangitis
and long term probiotic use. Med
Mycol Case Rep 2018;23:23-25.
DOI: 10.1016/j.mmcr.2018.11.003
PMID: 30505890 PMCID:
PM(C6251329

Stefanatou E, Kompoti M, Pari-
dou A, Koutsodimitropoulos I,
Giannopoulou P, Markou N, et
al. Probiotic sepsis due to Sac-
charomyces fungaemia in a
critically ill burn patient. My-

121



78.

79.

80.

81.

82.

83.

34.

coses 2011;54:e643-6. DOI:
10.1111/j.1439-0507.2011.02020.x
PMID: 21615541

Enache-Angoulvant A, Henne-
quin C. Invasive Saccharomyces
infection: a comprehensive re-
view. Clin Infect Dis 2005;41:1559-
68. DOI: 10.1086/497632 PMID:
16267727

Hamoud S, Keidar Z, Hayek T.
Recurrent Saccharomyces cere-
visiae fungemia in an otherwise
healthy patient. Isr Med Assoc ]
2011;13:575-6. PMID: 21991721

Cobban A, Edgcomb VP, Burgaud
G, Repeta D, Leadbetter ER. Re-
visiting the pink-red pigmented
basidiomycete mirror yeast of
the phyllosphere. Microbiologyo-
pen 2016;5:846-855. DOI: 10.1002/
mbo3.377 PMID: 27465122 PMCID:
PMC5111565

Morris JT, Beckius M, McAllis-
ter CK. Sporobolomyces infec-
tion in an AIDS patient. ] Infect
Dis 1991;164:623-4. DOI: 10.1093/
infdis/164.3.623 PMID: 1869844

McNicholas S, McDermott H, Pow-
er L, Johnson EM, Moroney J, Hum-
phreys H, et al. Sporobolomyces
roseus in the cerebrospinal fluid of
an immunocompetent patient--to
treat or not to treat? ] Med Micro-
biol 2012;61:295-296. DOI: 10.1099/
jmm.0.036715-0 PMID: 22034161

Rantala A, Niinikoski J, Lehtonen
OP. Yeasts in blood cultures: im-
pact of early therapy. Scand ]
Infect Dis 1989;21:557-61. DOI:
10.3109/00365548909037885
PMID: 2587957

Sharma V, Shankar J, Kotamarthi
V. Endogeneous endophthalmi-
tis caused by Sporobolomyces

122

salmonicolor. Eye 2006;20:945-
946. DOI: 10.1038/sj.eye.6702076
PMID: 16167077



ARCHIVES OF PUBLIC HEALTH

REVIEW

PATHOGENESIS OF RETINOPATHY OF PREMATURITY:

A LITERATURE REVIEW

lgor Isjanovskil, Stefan Pandilov!, Emilija Gjoshevska-Dashtevska!

1 University Clinic for Eye Diseases, Skopje; Faculty of Medicine, Ss. Cyril and Methodius University Clinic for Eye Diseases, Skopje;
Faculty of Medicine, Ss. Cyril and Methodius

Citation: Isjanovski I, Pandilov S, Gjoshevs-
ka-Dashtevska E. Pathogenesis of retinopath
of prematurity: A literature review. Arch Pu
Health 2025; 17 (2). 123-134.

doi.org/10.3889/aph.2025.6160

Key words: retina, retinopathy of prematurity,
hypoxia, pathogenesis, neovascularization

*Correspondence: Igor Isjanovski, Universit
Clinic for Eye Diseases, Skopje, Republic of Nort
Macedonia.

E-mail: dr.isjanovski@gmail.com

Received: 14-Mar-2025; Revised: 28-Jun-2025;
Accepted: 4-Jul-2025; Published: 30-Dec-2025

Copyright:°2025. Igor Isjanovski, Stefan Pandi-
lov, Emilija Gjoshevska-Dashtevska. This is an
open-access article distributed under the terms of
the Creative Commons Attribution License, which
permits unrestricted use, distribution, and re-
production in any medium, provided the original
author(s) and source are credited.

Competing Interests: The author have declared
that no competing interests

MPEFNEQ HA JIMTEPATYPA

Abstract

Retinopathy of prematurity (ROP) is a vasoproliferative disease of the retina that affects premature
infants, especially those with low birth weight and high oxygen exposure. It is still the leading
cause of blindness in children worldwide. The pathophysiological mechanism occurs in two phases:
the first known as hyperoxia-induced vascular regression and the second - hypoxia-induced
pathological neovascularization. An imbalance of a large number of molecules and cytokines is
involved in the development of this disease. The main ones are: vascular endothelial growth factor
(VEGF); insulin-like growth factor-1(IGF-1); Hypoxia-inducible factor-1 alfa (HIF-1a); as well as a large
number of proinflammatory mediators. Various factors such as: oxygen fluctuation, nutritional
factors, genetic and epigenetic factors have a certain impact on the development and progression
of Retinopathy of prematurity. The motive of this literature review is to present the current views
and knowledge regarding the pathophysiological mechanisms as well as potential biomarkers for
timely recognition of premature infants at high risk for ROP. For this purpose, we approached a
data search from two large databases of biomedical literature: Medline and Embase by entering
the keywords: retina, retinopathy of prematurity, hypoxia, pathogenesis, neovascularization.
From the obtained data, we selected those papers that present the latest knowledge in this field of
ophthalmology. Our perspective on ROP is that insights from its pathophysiological and complex
cellular mechanisms should, in the future, contribute to the development and implementation
of more sensitive biomarkkers for early diagnosis and tretment prognosis, ultimately aiming to
improve outcomes in affected children.
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[IpematypHara petrHomaTHja e BasompudepaTiBHO 3a007yBambe Ha peTHHATA Koja T adeKTipa
peJIBpEMEHO POJIEHUTe HOBOPOJIEHUMEbA, 0COOEHO THE CO HUCKA TeJIeCHA TEXKMHA U BUCOKA KCTIO-
sunpja Ha Kucnopop. Ce yiuTe mpeTcTaByBa Bojleuka MPHUMHA 3a CTIETMO0 Kaj ierla Bo cBeToT. [lato-
(bU3UMONONIKMOT MeXaHU3aM ce OIBUBA BO JiBe (hasu: MpBa Mo3HATA KAKO XUIEpOKCHja HHYIpaHa
BacKy/sapHa perpeciija 1 BTopa-XuIoKCHja MHMIpata NaToolKa HeoBacKynapusanuja. Jlincoananc
Ha rosiem 6poj MOJIEKYITH U IUTOKUHY Ce BKJIYUEHN BO HACTAHYBAMeTO Ha OBa 3ab0/1yBatbe. LleHTpa-
HO MecTo 3a3emaar: vascular endothelial growth factor (VEGF); insulin-like growth factor-1 (IGF-
1); HIF-1o. (Hypoxia-inducible factor-1 alfa) kako u ronem 6poj Ha mpouHbIAMATOPHYU MeJIjaTopu.
zejata Ha oBOj MUTEpaTypeH Mpernief e fa v MpUKajke MOMEHTaTHITe CTABOBH 1 CO3HaHHja KO
ce MO3HATH BO BPCKA €O MAaTO(hU3UOMOMIKUTE MEXaHI3MI KAKO U MOTeHIMjamHi 61oMapKepy 3a Ha-
BpeMeHO Tperno3HaBambe Ha TpemMaTypycute co sroemer pusuk 3a POIL. 3a Taa rien npuctanisme
KOH rpebapyBarbe Ha MOJaToLM Off [IBe rofiemt fjatabasu Ha OuomesuiHcKa murepatypa: Medline u
Embase co BHecyBare Ha KIydH! 300pOBU: PeTHHA, IPEMATYPHA PETUHOMATH]A, XUITOKCHja, TaTore-
He3a, HeoBackynapusatuja. Of l00UeHUTe TOIATOLM 1 U30paBMe OHKE TPYZIOBU KOU T PUKAKY-
BaaT HajHOBWTe CO3HAHMja BO OBa IMoJe ofl odranMosnorujata. Harmire cornepyama 3a POII ce nieka
CO3HAHMjATA Off HEj3MHUTE TIATOGU3UONOUIKI U CJIOKEH! KIeTOUHM MeXaHU3MU, BO UIHUHA, Tpeba
Jla TIPU/IOHecar 3a Pa3Boj 1 MMITEMeHTallija Ha TIOUYBCTBUTETHY OMOMAapKepH 3a paHa JujarHosa u
POrHO3a Ha TPETMAHOT, CO KpajHa 1ieJ1 Jla ce TofI00py UCXOJ0T Kaj 3acerHature Jiela.




Introduction

TRetinopathy of prematurity (ROP)
is a retinal vasoproliferative disease
that affects premature infants. De-
spite all efforts in neonatal care cen-
ters, ROP remains the leading cause
of blindness in childhood'. However,
the incidence varies from region to
region due to the different levels
of neonatal care and survival rates
of premature infants. High-income
countries have a lower rate of ROP-
associated blindness compared to
middle- and low-income countries.
The main reason for this is thought
to be better screening and manage-
ment of the problem?.

The etiology of the disease is mul-
tifactorial. Several risk factors pro-
mote its occurrence. Thus, birth
weight and gestational age are con-
sidered the most influential in the
pathogenesis of ROP. The lower the
gestational age and birth weight,
the higher the risk of developing the
disease. In other words, ROP is rare
in newborns born after 32 weeks of
gestation and weighing more than
1500g®. Another important risk fac-
tor for its occurrence is oxygen. Sup-
plementation with oxygen in com-
bination with atmospheric oxygen
disrupts the physiological hypoxia
of the retina, which results in a de-
lay in the formation of normal blood
vessels, retinal ischemia and the for-
mation of new-pathological blood
vessels. The duration of oxygen ther-
apy and the increased concentration
of O2 significantly increase the risk
of developing a severe form of ROP*.
In addition to these, many other
risk factors have been identified in
recent decades that have a greater
or lesser impact on this condition.
Depending on where they originate,
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they are divided into: maternal fac-
tors, prenatal and perinatal factors,
demographic factors, comorbidities
of infant, nutritional and genetic
factors®.

The disease was first described by
ophthalmologist Theodore L. Terry
in 1942 as “retrolental fibroplasia”
due to the formation of a fibrous
membrane behind the lens in blind
newborns®. About a decade later, it
was associated with excessive oxy-
gen supplementation in premature
infants. This period is known as the
“first epidemic” of ROP. About twenty
years later, the so-called “second ep-
idemic” of ROP occurred due to the
increased survival rate of extremely
premature infants, i.e. those born be-
fore 28 weeks of gestation and with a
birth weight of less than 1000 g. De-
spite improved oxygen control, these
newborns were at increased risk for
developing ROP due to their relative-
ly underdeveloped retinal vascular
network and longer stay in intensive
care. The second epidemic led to the
development of screening programs
and laser photocoagulation as a
treatment for this condition in the
1980s. Since the 1990s, the so-called
“third epidemic” occurring in low-
and middle-income countries’. The
reason for this is that in these coun-
tries, neonatal care has improved in
recent decades, with better survival
of premature infants, but they still
lack a systematic screening program
for ROP and an inability to treat the
condition.

Normal development of retinal
blood vessels

The fetus in utero is normally in a
hypoxic state with a stable partial
pressure of oxygen in the arterial



blood vessels of 22-24 mmHg?®. This
environment allows for the proper
development of blood vessels start-
ing from the level of the optic nerve
up to the peripheral avascular reti-
na. Physiological hypoxia stimulates
the production of vascular endothe-
lial growth factor (VEGF) which pro-
motes the growth of the vascular
network. This molecule is strongly
regulated by oxygen. It is produced by
astrocytes in the still avascular ret-
ina in response to hypoxia. In addi-
tion to VEGF, other molecules, such
as insulin-like growth factor-1 (IGF-
1), are also involved in this complex
biochemical-embryonic process® 10,

The basis of blood vessels is from
mesenchymal spindle cells that orig-
inate from the optic disc and prog-
ress peripherally and forward to-
wards the outer part of the retina.
Blood vessels begin to develop intra-
uterinely at 15 weeks of gestation.
The process is called angiogenesis
and occurs simultaneously in both
the nasal and temporal sectors of
the retina. Nasally, vascularization
reaches ora serata around 34-36
weeks of gestation, and temporally it
occurs between 36-40 weeks® .

Unlike hypoxia, hyperoxia inhibits
the production of VEGF. Thus, pre-
mature infants exposed to high ox-
ygen concentrations have reduced
production of VEGF, which disrupts
normal blood vessel development,
resulting in areas of avascular reti-
na. The lower the gestational age of
the newborn, the larger these avas-
cular zones are. This condition not
only inhibits the development of the
vascular network but also causes va-
soconstriction and vaso-obliteration
of already formed blood vessels, fur-
ther aggravating the situation. In

this way, the retinal tissue is left
without adequate oxygen support,
which is the basis of the pathophysi-
ological process in ROP.

The aim of this literature review is to
present new insights into the patho-
physiological mechanism of this ret-
inal disease. That is, to understand
all the molecules, cells and signaling
pathways that are involved in the
pathobiochemical cascade and pro-
gression of retinopathy of prematu-
rity. As well as to present possible
potential biomarkers that will find
clinical application in the early rec-
ognition and appropriate manage-
ment of this condition.

Materials and methods

In the preparation of this literature
review, a search was conducted in
two large databases of biomedi-
cal literature: Medline and Embase.
The following keywords were used:
retina, retinopathy of prematurity,
hypoxia, pathogenesis, and neovas-
cularization. For the analysis, pa-
pers published in English between
2003 and 2024, full-text papers, were
selected, and abstracts and papers
published in other languages were
excluded.

Results and discussion
Pathophysiology of ROP

As previously mentioned, the devel-
opment of retinal blood vessels be-
gins in the fourth month of gesta-
tion. Since the process is completed
between 34-40 weeks of gestation,
premature infants have an incom-
pletely vascularized retinal periph-
ery. That is, the lower the gestation-
al age of the premature infant, the
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larger the avascular retinal zone.
The disease is based on the process-
es of hyperoxia, vascular regression,
followed by hypoxia and neovascu-
larization, proliferation and trac-
tion. The course of the pathological
process is continuous and is divided
into two phases'?.

The first phase or initial phase is
the one in which there is a decrease
or cessation of vascular growth and
regression of already developed
retinal blood vessels. It is induced
by hyperoxia in premature infants
who are placed in increased O2 con-
centrations in intensive care units.
And a second phase, or proliferation
phase, in which abnormal prolifera-
tion of blood vessels occurs, a pro-
cess induced by previous hypoxia in
avascular areas of the retina.

Physiologically, the retina in utero
develops in a hypoxic environment
that stimulates the production of
VEGF as an important cytokine in
the formation of blood vessels. In
premature infants, the process of
angiogenesis is not fully completed,
and atmospheric oxygen as well as
oxygen supplementation in external
conditions suppresses the produc-
tion of VEGF. This leads to the ces-
sation of normal growth of periph-
eral blood vessels and regression of
those already formed. Thus, as the
newborn grows, the retina matures
without a sufficient number of blood
vessels, which makes it hypoxic. At
the same time, apoptosis of endothe-
lial cells occurs, a mechanism that
is also involved in the pathological
process. Fluctuations in oxygen lev-
els lead to the formation of reactive
oxygen species (ROS), and due to the
insufficiently developed antioxidant
defense in premature infants, ROS
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damage endothelial cells and peri-
cytes. Damaged pericytes gradually
die, which disrupts the stability of
blood vessels and worsens the over-
all situation with the vascular net-
work. These processes lead to a sys-
temic inflammatory response and
dysregulation of VEGF and IGF-15.

As the newborn grows, the meta-
bolic demand of the retina increas-
es, emphasizing relative hypoxia,
which leads to the second phase.
In this phase, the secondary hy-
poxia causes increased expression
of VEGF in the retinal tissue. On
the other hand, the maturation of
organs and tissues in the newborn
stimulates increased production of
IGF-1. It promotes and maintains
high levels of VEGF, which results
in neovascularization and prolifera-
tion of blood vessels at the transi-
tion between the vascularized and
avascular retina. Thus, pathologi-
cally formed blood vessels begin to
develop towards the vitreous. Due
to the dysfunction of their develop-
ment, they are susceptible to leak-
age, which leads to retinal edema
and bleeding, together with prolifer-
ation towards the vitreous, causing
scar tissue formation and retinal
traction. In the final stages, trac-
tion ablates the retina, leading to
irreversible vision loss - blindness'.
In the second phase, in addition to
VEGF and IGF-1, a large number of
other pro-inflammatory cytokines
are involved, such as: TNF-a (tumour
necrosis factor-alpha), IL-1f (inter-
leukin-1 beta), IL-6 (interleukin-6)
and others, which stimulate the for-
mation of abnormal blood vessels
and progression of the disease®.
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Figure 1. Pathophysiological mechanism and biochemical cascade in retinopathy of
prematurity (ROP). IGF1- insulin-like growth factor-1; VEGF-vascular endothelial growth
factor; ROS-reactive oxygen species; O2 — oxygen; PGs-prostaglandines; NO-nitic oxide;

eNOS-endothelial NO synthase; HIFs-hypoxia-inducible factors; NADPH-dihydronicotinamide-
adenine dinucleotide phosphate; pSTAT3-phophorylated signal transducer and activator of
transcription 3.

Stages of ROP

The classification of ROP in terms
of the severity of the clinical picture
includes 5 stages and 3 zones that
describe the level of retinal involve-
ment!®,

Stages I-1II have the ability to spon-
taneously regress at any time, while
stages IV and V are most often irre-
versible and lead to vitreous hemor-
rhage, tractional retinal detachment
and subsequent blindness. The first
stage is characterized by the appear-
ance of a white line that demarcates
the vascular from the avascular reti-
na. Stage Il is specific in that a tissue
ridge and small initial neovascular
changes appear. With the develop-
ment of the disease, such initial neo-
vascular blood vessels proliferate

through the ridge and towards the
vitreous - stage IIl. Already in stage
four, zones of retinal ablation are
observed, extrafoveolar (IVa) and
intrafoveolar (IVb). In the last, fifth
stage, complete retinal detachment
occurs. Additional risk factors are
designated as “plus disease” and the
development of the so-called aggres-
sive ROP, AP-ROP.

Molecular and cellular mecha-
nisms

Role of VEGF and other cytokines in
the pathogenesis of ROP

VEGF plays a key role in the physi-
ological but also in the pathological
development of retinal blood vessels.
As we mentioned earlier, in the first
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stage of ROP, hyperoxia suppresses
the production of VEGF, which leads
to a delay in the development of the
normal vascular network of the reti-
na. This stimulates the activation of
signaling pathways of apoptosis of
endothelial cells and the loss of local
pericytes, with the ultimate effect
of regression of blood vessels. In the
second stage of ROP, hypoxia and lo-
cal acidosis promote the production
of HIF-1a (Hypoxia-inducible factor-1
alfa), a major promoter of VEGF. In-
creased and uncontrolled produc-
tion of VEGF leads to the formation
and proliferation of new blood ves-
sels. HIF-1a also acts on erythropoi-
etin, which also contributes to an-
giogenesis. It should be emphasized
that the angiogenesis mediated in
this way is disorganized and uncon-
trolled. The blood vessels formed by
this mechanism are fragile and sus-
ceptible to leakage, which leads to
retinal edema, hemorrhages, and
because they proliferate towards the
vitreous, they lead to vitreoretinal
traction?.

Insulin-like growth factor-1 (IGF-
1) is a key molecule that affects the
function of VEGF. It is involved in
the process of normal angiogenesis.
In the first phase of ROP, as a result
of underdeveloped organ systems in
prematurity, the level of IGF-1 is low,
therefore preventing the appropri-
ate signaling and action of VEGF. In
the second phase of ROP, due to the
increased production of IGF-1, it ad-
ditionally stimulates the production
of VEGF, which leads to uncontrolled
pathological neovascularization®.

As a consequence of the processes of
hyperoxia and hypoxia, a pronounced
inflammatory response occurs both
locally at the retinal level and sys-
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temically. The process of hypoxia
promotes the activation of microglia
cells and macrophages that secrete
a large number of pro-inflammatory
cytokines: TNF-a, IL-1pB, IL-6. Such an
inflammatory cascade causes further
damage to blood vessels, increases
hypoxia in the surrounding tissue,
and stimulates neovascularization.
The process of fibrosis is also a con-
tinuation of this inflammatory event
in the retina®.

Oxidative stress and endothelial
damage

Oxidative stress is created in re-
sponse to a disturbed equilibrium
between the production of pro-oxi-
dants and the body’s capacity to de-
toxify them. Most often, these are:
free oxygen radicals, nitric oxide
(NO), superoxide anions and hydro-
gen peroxide. In newborns, oxidative
stress is particularly pronounced be-
cause at birth the newborn passes
from an environment with a low to
an environment with a higher oxy-
gen concentration. Oxidative stress
in the newborn, and especially in
premature infants, has a great im-
pact because the mechanisms for
antioxidant protection are not yet
sufficiently developed. It has been
shown through several experimen-
tal models that hyperoxia is respon-
sible for increased generation of ROS
due to insufficiently developed auto-
regulatory vascular systems in the
retina®. On the other hand, hypoxia
increases the concentration of oxy-
gen donors and promotes the trans-
fer of electrons to oxygen. It also ac-
tivates enzymes that generate ROS
in the electron transport system of
mitochondria and cause oxygen-in-
duced retinopathy. These two mech-
anisms of hyperoxia followed by hy-



poxia are considered key links in the
chain of oxidative stress involved in
the pathogenesis of ROP?°. ROS par-
ticipate in endothelial dysfunction,
thereby interfering with the normal
development of blood vessels, lead-
ing to their regression and oblitera-
tion. They damage the blood-retinal
barrier by attacking the endothelium
and pericytes. The selectivity of this
important barrier is lost, making the
tissue more susceptible to damage.

Nitro-oxidative stress is another fac-
tor considered to be involved in the
pathogenesis of ROP. NO reacts with
reactive oxygen radicals and gener-
ates nitrites, nitrates and peroxyni-
trites that cause microvascular dam-
age 2l

Lipid peroxidation of cell membranes
isalsoanimportant oxidative mecha-
nism for endothelial damage to blood
vessels and the retina. The retina is
highly sensitive to lipid peroxidation
because it is made up of lipids with a
high percentage of polyunsaturated
fatty acids. Nitric stress induces cis-
trans isomerization of arachidonic
acid, which causes vascular dam-
age to the retina. All of these events
lead to a proinflammatory response
and the release of many inflamma-
tory mediators, which together are
involved in the pathophysiological

mechanisms of ROP development?"
22

The organism tries to cope with oxi-
dative stress through multiple mol-
ecules and enzyme systems. Several
molecules are considered to play a
key role in the antioxidant response
of the organism. Ascorbic acid, re-
duced glutathione, Vitamin E and
urate prevent oxidative damage to
biological membranes and lipopro-
teins. They reduce and prevent reti-

nal damage. Omega-3 fatty acids, on
the other hand, although through
still insufficiently known mecha-
nisms, suppress the inflammatory
response, thus having antiangiogen-
ic and neuroprotective effects on the
retina. The enzymes: catalase, su-
peroxide dismutase, and glutathione
peroxidase play a central role in the
antioxidant activity of the body, and
are considered an important defense
factor against oxidative stress.

Influence of other factors in the
pathogenesis of ROP

Effect of oxygen therapy and oxygen
fluctuation

Oxygen fluctuation causes increased
production of ROS that cause endo-
thelial damage. Oxygen fluctuation
also causes mitochondrial dysfunc-
tion that increases oxidative stress.
Therefore, maintaining a target ox-
ygen saturation between SpO2 90-
95% has been shown to reduce the
risk of ROP. On the other hand, hy-
peroxygenation SpO2 >97% should be
avoided due to the above-mentioned
effects. Standardized protocols for
NICU (neonatal intensive care unit)
aim to minimize oxygen fluctuation
and reduce oxidative stress?.

Influence of nutritional factors

DHA (docosahexaenoic acid) and EPA
(eicosapentaenoic acid) are two ome-
ga-3 fatty acids that are essential for
retinal and neural development. Pre-
mature infants are deficient in these
two fatty acids, as they pass from the
placenta to the fetus during the third
trimester. The physiological role of
EPA/DHA is seen in reducing proin-
flammatory mediators and promot-
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ing physiological angiogenesis. They
reduce the overexpression of VEGF,
thereby preventing excessive neo-
vascularization and have a protec-
tive effect on endothelial cells from
oxidative stress and apoptosis [24].

Molecules with antioxidant activity
are crucial in dealing with oxidative
stress. As previously mentioned, vi-
tamins E, C and A and the enzymes
- superoxide dismutase, catalase and
glutathione peroxidase play an im-
portant role in this mechanism [20].

Genetic and epigenetic predisposi-
tion

The fact that not all premature in-
fants develop ROP indicates the
presence of additional genetic and
epigenetic factors. Thus, polymor-
phisms in certain genes are consid-
ered to be a risk factor for the occur-
rence of ROP. Examples include? %:

a) The VEGF-A gene influences the
level of VEGF production and
blood vessel growth.

b) EPAS1 (HIF-20 gene) participates
in the regulation of the response

to hypoxia and influences the ex-
pression of VEGF.

c) CFH gene (Complement Factor
H) is associated with a tendency
to inflammation and oxidative
stress in patients with ROP.

Epigenetic changes such as DNA
methylation, histone modification
and microRNA can influence gene
expression without affecting DNA.
Factors that are considered to influ-
ence these epigenetic changes are:
hyperoxia/hypoxia, maternal nutri-
tion, inflammation and infections
(sepsis or chorioamnionitis)?.
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Potential biomarkers for early rec-
ognition of ROP

In recent years, there has been inter-
est in finding useful biomarkers that
would timely detect oxidative stress
and damage in newborns. One of the
main obstacles is to determine these
biomarkers in different biological
fluids such as: plasma, urine, am-
niotic fluid and cerebrospinal fluid.
Since some of the free radicals and
oxidation products have a short half-
life, which makes it difficult to deter-
mine them. Several molecules have
the potential to be possible biomark-
ers in patients with ROP [20]:

Malondialdehyde - a highly toxic
molecule resulting from lipid per-
oxidation, a sensitive marker of oxi-
dative stress that has been shown to
be elevated in patients with ROP in
several studies.

8-hydroxy 2-deoxyguanosine - a sen-
sitive marker of oxidative DNA dam-
age. Ates et al. found elevated values
of this molecule in blood and urine
samples of patients with ROP [28].

GSH/GSSG Ratio (oxidized/reduced
glutathione ratio) is the most com-
monly used biomarker for determin-
ing oxidative stress. This ratio may
be a useful parameter for early rec-
ognition of ROP in premature in-

fants [20].

Protein oxidation - certain amino ac-
ids, e.g. phenylalanine, are suscep-
tible to oxidation by ROS. As a result
of this oxidation, certain molecules
are produced that can be used as
markers of inflammation [29].

Lipid oxidation - the retina is quite
susceptible to oxidative stress,
through mechanisms of lipid per-
oxidation, a process that is involved
in the pathogenesis of ROP. Polyun-



saturated fatty acids are particularly
susceptible to oxidation caused by
free radicals, forming various by-
products that can be identified as po-
tential biomarkers in patients with
ROP [22,29].

Clinical application and future per-
spectives

Knowledge of the links in the patho-
physiological mechanism will lead to
appropriate ROP screening guides
for appropriate recognition and man-
agement of the condition. It should
be noted that patients with ROP are
at increased risk of other ophthal-
mological diseases throughout life
such as: myopia, amblyopia, stra-
bismus and retinal detachment 30.
Therefore, timely visual rehabilita-
tion is extremely important. The de-
velopment of predictive biomarkers
may in the future provide guidance
on which patients are at increased
risk for long-term ophthalmological
problems. Knowledge of the patho-
genesis of the disease should enable
the creation of biomarkers that will
allow personalization of ROP treat-
ment in order to achieve optimal
outcomes for each patient.

Artificial intelligence has the poten-
tial in the future to enable better
automated screening and staging of
the disease. This will provide predic-
tive guidance for disease progression
and appropriate treatment. Tele-
medicine, on the other hand, has the
potential to help in less developed
regions for timely recognition and
treatment of the condition®.

Conclusion

To date, ROP still represents a ma-

jor challenge for both neonatologists
and ophthalmologists dealing with
this pathology. It represents a com-
plex multifactorial process driven by
a large number of proinflammatory
components, impaired angiogenic
signaling, and oxygen dysregulation.
Ongoing research should help in un-
derstanding the details of the patho-
physiological mechanism of this
disease, all in order to enable new
potential therapeutic modalities and
different biomarkers that will help
in better management of the disease.
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MPEFNEQ HA JIMTEPATYPA

Abstract

Silicon dioxide, also known as silica, is one of the most abundant minerals in the Earth's crust,
occurring in both crystalline and amorphous forms. The most common form of crystalline
silicon dioxide is quartz; while the most common materials in the industry which contain
quartz are sand, gravel, and rock. Occupations with the highest risk of exposure to dust
containing free silicon dioxide are: metal and coal mining with underground and above-ground
exploitation; construction-related activities (workers such as builders, facade installers and
terrace specialists, etc.), production of building materials, road and tunnel construction,
granite processing, production and processing of slate, production of cement and glass,
production of ceramics and porcelain, etc. The inhalation of crystalline silicon dioxide is
considered a health risk. Long-term occupational exposure to dust containing free silicon
dioxide may cause irritant, toxic and/or carcinogenic effects to the lungs in exposed workers.
The principal occupational diseases caused by inhalation of free silicon dioxide are silicosis,
chronic obstructive pulmonary disease (COPD) and lung cancer, as well as a combination of
these diseases. The primary tool in reducing morbidity, mortality and disability caused by
diseases associated with exposure to free silicon dioxide is the prevention based on appropriate
engineering controls, protective respiratory equipment, regular periodic medical examinations
and legal regulation on the level of occupational exposure to free silicon dioxide.
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W3Bamok

CHIMIMYM JIMOKCHIIOT € efieH 07l Haj3acTarleHuTe MUHEPaIn BO 3eMjuHaTa Kopa, a ce jaByBa BO
KpuctaiHa 1 amopdHa opma. Hajuect Buj Ha KPUCTAIHMOT CUJTMLIAYM [MOKCHJ € KBapLoT, a
HAjuecTo KOPUCTEHN MaTepujaii MITO COIPKAT KBAPI| Ce MeCOKOT, YakaoT i KaMeHoT. PaboTHu
MeCTa KOM Ce CO HajBUCOK PU3MK Ha M3/I0KEHOCT Ha CJI0D0MIeH CHIMLIMYM JUOKCH]] Ce: PYAHMUIIATE
Ha METaJIA 1 jarjieH co [oA3eMeH M HaZi3eMeH KOIl, FPafie;KHIIITBOTO (Ssupapy, Gacagepy, TepaLepu
11 Ip.) ¥ IPOM3BOJICTBOTO Ha rPajIe/KHI MaTepyjajiy, M3rpafdaTa Ha MaTHIITA ¥ TYHEIH, TPOM3BOI-
CTBOTO Ha LIEMEHT U CTAKJIO, IPOM3BOATBOTO HA KepaMUKa M MOpLeIaH u [p. MHxanauujata Ha
TpalifHa Mo COMPKM CI0D0JIEH CHITMIIMYM JIMOKCIT] € IOKAKaH PU3KK 3a 37[PABjeTo Ha U3/oKe-
Hute pabotHuuy. [JonrorpajHata mpodeckoHaHa U3I0KEHOCT Ha C1000/eH CHIMLIMYM [IHOKCHT
MOKe [ia TTpe/IN3BIKa MPUTATUBHHM, TOKCHUHM 1/¥IN KaHIieporeHu eekTi Bp3 bemmre 1poboBu Ha
U3JI0KeHuTe paboTHAMIM, a HajuecTn mpodecHoHaIHN GOJIECTH TIPeM3BUKAHM Off JIONTOTpajHaTa
U3JI0KEHOCT Ha J1000/1eH CUIMLIMYM JMOKCH]] Ce: CHIMKO3aTa, XPOHMUHATA OICTPYKTUBHA 6e/1of-
pobHa bosect 1 KaHLepoT Ha OeuTe ApoboBH, Kako 1 Koja O1Io HUBHA KoMOMHaruja. [Tpumapha
MepKa BO HaMaJIyBarbeTo Ha MOPOUMTETOT, MOPTA/IATETOT 1 OHECTIOCODEHCOTa 07 O0ICTHTE MOBp-
3aHK €O MPo(hecHoHaTHA U3/I0KEHOCT Ha MPAlMHa MTO COMPIKE CI0O0MIEH CHTULIMYM JIHOKCHT] €
npeBeHiyjaTa basnupana Bp3 MEPKUTE 3a MHKeHepcKa KOHTPOA, MPUMEHATa Ha IMYHU 3alITHTHY
CPefCTBA, PEOBHO M3BeyBatbe Ha [epUOJMUHKITE 3APABCTBEHN IIPEI/IeU 1 OIPIKYBAbe Ha KOH-
LeHTpaLMUTE Ha CI000[IeH CUTMIIMYM JMOKCHJ] Ha PabOTHOTO MECTO BO PaMKH Ha [O03BOJICHUTE
'DAHMLIM.




Introduction

Following oxygen, silicon (Silicium -
Si) is the most abundant mineral in
the Earth’s crust, accounting for an
estimated 27% of its composition. On
the other hand, silicon dioxide, is its
most common compound, occurring
as free silicon dioxide, also known as
silica, and bound silicon dioxide in
multiple compounds, so-called sili-
cates. In occupational pathology, oc-
cupational exposure to silica dust is
of particular concern due to its harm-
ful effects on the health of exposed
workers.

Silica is encountered in crystalline
and non-crystalline (amorphous)
form; while the heated non-crystal-
line silica becomes crystalline silica.
The most important natural miner-
als that contain crystalline silica are
quartz, cristobalite, and tridymite,
with quartz being the most preva-
lent. The principal industrial ma-
terials containing quartz are sand,
gravel, and granite. Granite contains
approximately 30% of pure silica,
grave approximately 40%, while the
sand represents almost pure crystal-
line silica.

Synthetic forms of crystalline silica
include keatite, silica W, porosyl, etc.
Dust released from naturally occur-
ring forms of amorphous silica (di-
atomite, glass silicon dioxide, silicon
dioxide fibers, etc.) and forms of syn-
thetic amorphous silicon dioxide (col-
loidal silica, silica, etc.) has milder ef-
fects on the lungs 2.

Occupational exposure to silica dust
is encountered in more workplaces
due to its widespread occurrence in
nature, as well as its widespread ap-
plication in multiple industries. It is
estimated that in the United States,
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between 1.2 and 3 million workers
were exposed to dust containing free
silicon dioxide in the first decade of
this century.

Occupations with the highest risk of
exposure to silica dust include metal
and coal mining with underground
and above-ground exploitation, as
well as construction-related activi-
ties (workers such as masons, facade
installers, terrace specialists, etc.),
production of construction materi-
als, road and tunnel construction;
granite processing, slate production
and processing, cement and glass
production, ceramics and porcelain
production, etc.'

Confirmed by the results of clinical-
epidemiological and experimental
studies, the effects of silica dust on
the respiratory health of exposed
workers have been known for a long
time. Their prevalence varies over
time and geographical location de-
pending on industries in certain
countries and regions, preventive
measures taken to protect exposed
workers, prevalence of active smok-
ing, etc. On the other hand, the de-
crease in exposure levels to silica
dust in developed countries over the
last century has resulted in a dramat-
ic reduction in morbidity and mortal-
ity from silicosis and silicon tubercu-
losis. Nevertheless, COPD and lung
cancer remain a health problem in
workers exposed to silica dust.

The concentration of silica in the dust
inhaled while working, as well as the
characteristics of the inhaled dust
and the duration of exposure, are
closely related to the frequency and
degree of severity of the lung dam-
age. At the same time, individual (en-
dogenous) characteristics of exposed
workers play a major role in the lung



damage, including congenital and ac-
quired abnormalities of mucociliary
clearance in the respiratory tract,
along with previous respiratory in-
fections.

The effects of silica on the lungs can
be acute, subacute, and chronic. De-
pending on the mechanism of lung
tissue damage, they can be irritating,
toxic, and carcinogenic. The most
important acute and subacute ef-
fects on the lungs of exposed work-
ers are acute or subacute silicosis.
Long-term occupational exposure to
free silicon dioxide in exposed work-
ers can lead to silicosis, chronic ob-
structive pulmonary disease (COPD)
and lung cancer, a combination of
any of these diseases, or all three dis-
eases in one worker simultaneously.
Chronic lung diseases caused by oc-
cupational exposure to dust contain-
ing free silicon dioxide are among
the most important diseases in occu-
pational lung pathology. At the same
time, these diseases are of particular
public health importance in terms of
their frequency and the large number
of workers exposed to dust contain-
ing free silicon dioxide throughout
their working engagement> “.

The aim of the paper is to present
current knowledge about harmful
lung effects of silica dust, pathogen-
esis of chronic lung diseases caused
by occupational exposure to silica
dust, their diagnosis and treatment,
as well as about measures and activi-
ties for their prevention.

Silicosis
Silicosis is a fibrogenic pneumoconio-
sis caused by inhalation of silica dust,

its deposition in the lungs, and lung
tissue reaction to the inhaled dust.

The disease has been included in the
List of Occupational Diseases of the
Republic of North Macedonia since
2020, designated as 301.11. Silica and
301.12. Silicosis combined with pulmo-
nary tuberculosis®>. On the 2010 List of
Occupational Diseases of the Inter-
national Labour Organization (ILO),
Silicosis is designated as 2.1.1. Pneu-
moconioses caused by fibrogenic min-
eral dust (silicosis, anthraco-silicosis,
asbestosis) and 2.1.2. Silicotuberculo-
Sis®.

In the second half of the 19" and first
half of the 20%™ centuries, silicosis
was considered as the most common
occupational lung disease worldwide,
resulting in a high rate of disability
and mortality especially among coal
and metal miners. With the imple-
mentation of adequate preventive
measures and activities (legal regula-
tion of the level of exposure to silica
dust, application of personal protec-
tive equipment, regular periodic ex-
aminations of exposed workers, etc.),
the prevalence of silicosis, as well as
its degree of severity, has been signif-
icantly reduced, but this disease still
has a significant place in occupation-
al lung pathology” .

A silicosis nodule is a major pathohis-
tological change in silicosis. Inhaled
particles of silica penetrate deep into
the alveolar ducts and sacs and are
difficult to eliminate through mucus
by coughing. The silicosis genesis is
considered a key element in the inter-
action between deposited particles
and alveolar macrophages. Alveolar
macrophages ingest the deposited
particles, thus inducing an inflamma-
tory response by releasing cytokines
(tumor necrotizing factor-o, interleu-
kin-1, leukotriene-B4, etc). Cytokines
stimulate fibroblasts to proliferate
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and produce collagen around the
silica dioxide particles, resulting in
fibrosis and the formation of nodular
lesions in the lungs® 1°,

Silicosis may take acute, accelerated
or chronic forms. The acute form
occurs with exposure to very high
concentrations of silica dust over a
period of several months, while the
accelerated form with exposure to
high concentrations of free silicon
dioxide over a period of several years.
As a result of the implementation of
the above-mentioned preventative
measures, these two forms have not
been reported in developed countries,
including ours, for the last couple of
decades.

The chronic form of silicosis is its
most common form occurring with
occupational exposure to moder-
ately high and low concentrations
of silica dust in a period of at least
two decades. It may occur as clas-
sical or simple silicosis, or as pro-
gressive massive fibrosis (PMF), i.e.
a severe form of chronic silicosis
characterized by confluence of the
silicosis changes and expressive pul-
monary fibrosis. The simple chronic
silicosis is oftentimes asymptomatic
and is detected with radiologic imag-
ing at periodic health examinations;
whereas the chronic PMF silicosis is
characterized by severe damaging of
the lung morphology and function,
which progresses to chronic respira-
tory insufficiency (CRI).

Silicosis is often accompanied by oth-
er diseases that significantly aggra-
vate its course and prognosis, includ-
ing anthracosis (silico-anthracosis),
COPD and bronchiectasis, tubercu-
losis (silico-tuberculosis), lung can-
cer (silico-carcinoma), systemic dis-
eases of the connective tissue, such
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as rheumatoid arthritis (Caplan syn-
drome), systemic lupus, progressive
systemic sclerosis, dermatomyositis,
and others' 12,

The diagnosis of silicosis is based on
the data from the medical and work
history, the radiological findings in-
terpreted in line with the current
recommendations of the ILO, the
results of the functional lung tests,
etc. The treatment of the disease is
symptomatic, and the further work
on the patient depends on the results
from the working capacity assess-
ment, i.e. on the severity of the func-
tional damaging of the lungs and the
degree of occupational exposure to
silica dust. Prevention, including ad-
equate engineering measures to con-
trol exposure, application of personal
protective equipment and regular
implementation of preventive medi-
cal examinations of exposed workers,
are of key importance in the manage-
ment of silicosis’®™®.

Chronic obstructive pulmonary dis-
ease (COPD)

Results arising from numerous stud-
ies indicate that long-term occupa-
tional exposure to silica dust can
contribute to the development of
chronic bronchitis, emphysema and/
or diseases of the small respiratory
tract in the absence of radiologically
confirmed silicosis, i.e. that the oc-
currence of COPD can cause silica
concentrations that do not lead to
the occurrence of silicosis. In recent
years, the academic literature uses
the term COPD caused by silica dust
(silica-induced COPD). Additionally,
cigarette smoke emphasizes the ef-
fect of silica on the respiratory tract
(the combined effect of silica and to-
bacco smoke is not additive, but mul-



tiplicative), as well as disability and
mortality from COPD',

According to the results of existing
animal model studies, the mecha-
nism of COPD in workers exposed to
silica dust does not differ from the
mechanism of COPD in smokers (to-
bacco smoke-induced COPD): howev-
er, it is due to the disruption of the
balance of proteinases and antipro-
teinases in the lung tissue in favor of
proteinases.

Pulmonary changes are mostly em-
phasized in the peripheral airways
(small bronchi and bronchioles), the
pulmonary parenchyma (respiratory
bronchioles, alveolar ducts and sacs),
and in the pulmonary blood vessels.
The changes are initiated by toxic
and inflammatory processes in the
respiratory tract and pulmonary pa-
renchyma triggered by the release of
mediators that stimulate the produc-
tion of cytokines, chemokines, elas-
tase and fibrogenic factors.

Dominant inflammatory cells in-
volved in the thickening of the air-
way wall and destruction of the pul-
monary parenchyma are neutrophils,
macrophages, and T lymphocytes
(CD8+ and CD4+). The thickening of
the small airways and the narrow-
ing of their lumen and centrilobular
emphysema (identical to the type of
emphysema that occurs in tobacco-
induced COPD), lead to a persistent
and progressive decrease in airflow
through the airway. Over time, these
changes can lead to a disruption of
respiratory gas exchange (RGE) in the
lungs, an increase in pulmonary ar-
terial pressure (pulmonary arterial
hypertension - PAH) and the develop-
ment of chronic pulmonary heart.

The appearance of COPD in work-
ers exposed to free silicon dioxide

depends on the level and duration
of the exposure, as well as on their
individual characteristics (genetic
factors, exposure to tobacco smoke,
previous respiratory infections, etc.).
In terms of the level of exposure, re-
search results indicate that cumula-
tive exposure to free silicon dioxide
at average concentrations of 0.1to 0.2
mg/m® can lead to the occurrence of
COPD without the occurrence of ac-
companying silicosis, i.e. an unsafe
limit with respect to the occurrence
of COPD is considered occupational
exposure to free silicon dioxide at
concentrations higher than 0.1 mg/
m?>. In terms of the duration of expo-
sure, no specific threshold has been
defined, but according to several ex-
perts in the field, COPD in workers ex-
posed to silica dust is associated with
cumulative exposure at the specified
concentrations over a period exceed-
ing 15 years 922,

The diagnosis of occupational COPD
caused by inhalation of silica dust, as
with the diagnosis of other occupa-
tional diseases, is based on evidence
of a causal relationship between the
disease and the workplace in a worker
diagnosed with COPD. Evidence of a
causal consequential relationship be-
tween the disease and the workplace
is based on data from the work histo-
ry (period and degree of occupational
silica exposure) and on data from the
risk assessment of the patient’s work-
place (results of measurements car-
ried out during environmental moni-
toring).

Concerning the recognition of the
occupational character of COPD,
there is a discrepancy between the
ILO List of Occupational Diseases
and the List of Occupational Diseas-
es of the Republic of North Macedo-
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nia. The latter has to be corrected
with the upcoming updates in our
national list consistent with exist-
ing knowledge on the role of occu-
pational agents in the development
of the disease. COPD caused by oc-
cupational exposure to silica dust is
included in the ILO List of Occupa-
tional Diseases alongside forms of
COPD caused by other occupational
agents for which etiopathogenetic
mechanisms in the contingency of
the disease have been confirmed
(2.1.9. Chronic obstructive pulmonary
disease caused by inhalation of coal
dust, dust from stone quarries, wood
dust, dust from cereals and agricul-
tural work, dust in animal stables,
dust from textiles, and paper dust,
arising from work activities), where-
as the occupational nature of the
disease is not linked to the smok-
ing status of the sick worker®. COPD
caused by occupational agents is
reported only in workers in under-
ground coal mines in the List of Oc-
cupational Diseases of the Republic
of North Macedonia (307, Chronic ob-
structive bronchitis or emphysema in
miners working in underground coal
mines), in which recognizing the oc-
cupational character of the disease
requires that the affected worker
must have never smoked in his life°.

Treatment of COPD caused by occupa-
tional exposure to silica dust includes
applying pharmacological therapy, as
well as the implementation of non-
pharmacological measures and ac-
tivities according to the recommen-
dations of the current guidelines. In
terms of further management of the
patient, the treatment depends on
the results of the assessment of the
working capacity, i.e. on the degree
of severity of the functional impair-
ment of the lungs and the degree of
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occupational exposure to silica dust.
As in the case of silicosis prevention,
adequate engineering measures to
control exposure, the application of
personal protective equipment and
the regular implementation of pre-
ventive medical examinations of ex-
posed workers are of key importance
in the management of silica-induced
COPD.

Lung cancer

Lung cancer is the most common
malignant neoplasm in men and one
of the most common malignant neo-
plasms in women in recent decades.
The therapeutic possibilities are still
limited, making the five-year survival
only found in a small percentage of
the diagnosed patients. Risk factors
for lung cancer include exposure to
tobacco smoke, radon, asbestos, poly-
cyclic hydrocarbons, etc.

As reported by the International
Agency for Research of Cancer (IARC),
silica (quartz) is a proven human car-
cinogen for lung cancer according to
the results of clinical epidemiological
and experimental animal model stud-
ies, while the carcinogenic effects
of natural and synthetic amorphous
silicon dioxide show inconclusive evi-
dence?> 24 %,

Lung cancer in workers exposed to
silica dust (silicon carcinoma) can oc-
cur in workers with silicosis and/or
COPD but can also occur in previously
intact lungs. In its histological char-
acteristics, clinical manifestations
and therapeutic possibilities, silicon
carcinoma does not differ from lung
cancer of other etiologies.

The diagnosis of lung cancer caused
by exposure to silica dust, i.e. the evi-
dence of the causal relationship of
the disease with the workplace, de-



rives from work history data (period
and degree of occupational silica ex-
posure) as well as from the data from
the risk assessment of the patient’s
workplace (results of the measure-
ments carried out during the envi-
ronmental monitoring).

Once again, as in the case of other
diseases resulting from chronic ef-
fects on the lungs of occupational
exposure to silica dust, measures of
primary prevention (control of oc-
cupational exposure) and secondary
prevention (early detection of the dis-
ease by regularly conducting periodic
preventive examinations in exposed
workers and early intervention) are
crucial in the management of silicon
carcinoma?® 2”28,

Lung cancer caused by occupational
exposure to silica dust is not yet in-
cluded in the National List of Occupa-
tional Diseases, while in the ILO List
of Occupational Diseases, is included
under 3.1.21. Cancers caused by other
agents at work not mentioned in the
preceding items where a direct link
is established scientifically, or deter-
mined by methods appropriate to na-
tional conditions and practice, between
the exposure to these agents arising
from work activities and the cancer(s)
contracted by the worker> °.

Conclusion

Long-term occupational exposure to
silica dust may cause irritant, toxic
and/or carcinogenic effects to the
lungs in exposed workers. Diseases
caused by occupational exposure to
silica dust, as well as other occupa-
tional diseases, are potentially pre-
ventable.

The primary tool in reducing morbid-
ity, mortality and disability caused by

diseases resulting from long-term ex-
posure to silica dust is the prevention
arising from appropriate engineering
control, application of protective re-
spiratory equipment, regular peri-
odic medical examinations, and legal
regulation of the level of occupation-
al exposure to silica dust. Moreover,
the prevention of these diseases will
be significantly improved by further
research and deepening knowledge
of the pathogenetic mechanisms of
the chronic effects of silica dust on
the lungs of occupationally exposed
workers.
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MPEMMEQ HA JIMTEPATYPA

Abstract

Calcification of root canal systems presents one of the greatest challenges even in modern
endodontics. Factors such as aging, trauma, dental intervention, auto-transplantation and genetic
predispositions can lead to formation of calcifications in both the pulp chamber and root canals.
Diagnostic procedures, including CBCT and Al-driven tools, have significantly improved the
visualization and further management of calcified canals. Despite all advanced tools, the treatment
of calcified canals still remains challenging. Obstructions caused by calcifications, which may vary
in size, morphology and location make management much more difficult and compromising in many
cases. This paper outlines the diagnostic approaches, therapeutic strategies and future directions
in managing calcified root canals. The main emphasis is placed on the role of minimally invasive
procedures, improved irrigation protocols and new technologies such as guided endodontics. The
guided endodontic customized approach, which uses CBCT data and 3D printed templates, offers
greater precision and reduces the risk of complications. All technological innovations hold a great
potential for increasing the success rate of endodontic treatment while preserving natural tooth
structures.
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VisBamok

Kanuudukaiujata Ha KOpEHCKUTE KAHAM MPETCTABYBA efieH 0f1 HajrojieMute Mpeiu3BUL Jypu
1 BO MOJIepHaTta eHJIofjoHKja. DaKkropute Kako crapeeme, Tpayma, CTOMATOIOWKY MPOLeLypPH,
ABTOTPAHCIVIAHTALMjA U TEHETCKY TIPEJIMCTIO3NIIUM MOXKAT JIa J10BefiaT 110 (hopMUparbe Ha Kasllly-
(ukat Bo TynMHATA KOMOPA M KOpeHCKUTe KaHay. [[ujarHocTHaKuTe Tporiefiypy, BKIYUYBajK1
r CBCT u ajaTKuTe yrpaByBaHM Off BelITauka MHTETUTeHIMja, 3HAUMTE/IHO ja Mofjo0pyBaaT Bi-
3yenu3anyjata 1 MOHATAMOIIHMOT TPeTMaH Ha Kaniuduimpanyute KaHami. M mokpaj cute oBue
HAMpe/IHU aJlaTKY, TPETMAHOT Ha Ka/UUIMPaHUTe KaHaJIu Cé IlITe 0CTaHyBa cloxkeH. ONCTpyK-
[IMKTe TIPeJIM3BUKAHM O/ KaniuduKaTy, KoM MoJKaT Jja Baprpaar BO rofieMiHata, Mopdosorijara
11 JIOKAllMjaTa, o MpaBaT CIPABYBABETO MHOTY MOTENIKO ¥ BO MHOTY Cyuau KOMIPOMUTHPAUKO.
OBOj TpY/} 'Yl IPUKKYBA JIMjarHOCTMUKKITE PUCTAIN, TePaleBTCKUTe CTPaTeruy U NHUTe HACOKK
BO CIIPABYBAETO CO Kali(uIpaHuTe KOPEHCKU KaHaju. [JTaBHUOT aKIIeHT e CTaBeH Ha yorata
Ha MUHMMAaTHO MHBA3WBHWTE MPOIIeAyPH, TI0F00peHN MPOTOKOJIH 32 MPHTAlMja 1 HOBU TeXHOIOTHI
KaKo 1ITO e BojleHa (HacoueHa) eHjiofioHIuja. HacoueHnoT eHpiooHTCKI MpUCocobeH npucTar,
kopuctejku ofatory off CBCT u 3D-mevareny 1mab0Hy, HY/M TOTO/IEMa MPEIM3HOCT W HaMany-
Bame Ha PU3UKOT Of] KOMIUTUKalUK. CiTe OBUE TeXHOJOIIKM MHOBAL[MM UMAAT rojieM MOoTeHI[1ja
3a 3roJIeMyBate Ha CTalKara Ha ycrex Ha eHJJ0JlOHTCKMOT TPEeTMaH ¥ 3auyByBatbe Ha [IPUPOJHUTE
CTPYKTYpU Ha 3a0uTe.




Introduction

The aim of endodontic treatment is
to eliminate infection, preserve the
tooth and restore its function. For
a successful outcome of endodontic
therapy, it is essential to know the
anatomy of the root canal system in
detail, accompanied by a thorough
understanding of the morphology
of the pulp chamber and the root
canal system. Attempting to treat
the root canal system without a de-
tailed anatomical description would
be the equivalent of a doctor search-
ing for an appendix without having
read the Gray ‘s Anatomy'.

With the advancement of technology
and techniques, modern endodontic
treatment is becoming much more
efficient and predictable than ever
before. Machine instrumentation as
the basis for the processing of the
canal system, supplemented by irri-
gation, laser sterilization of canals
and the use of biological materials
for obturation significantly improve
the results in the final outcome
of endodontic therapy. The use of
modern diagnostic methods such
as digital X-ray, CBCT, the inclusion
of artificial intelligence (AI) and 3D
models complement the precision
and comfort of the patient during
endodontic treatment. All of this
contributes to minimizing the dura-
tion of endodontic therapy, increas-
ing the success rate, ultimately en-
abling long-term preservation of
natural teeth. This outcome would
be ideal if there were no obstacles in
the anatomy of the root canal sys-
tem. Very often, root canals can be
impassable, fibrotic, or obliterated
by denticles, nodules, pulp stones,
secondary or reactive dentin forma-
tion, diffuse calcifications, or ana-

tomical obstructions that may pre-
vent instrumentation?.

There are several variations in the
mineralization of pulp tissue, in
structure, morphology, dimensions,
or location. Within the pulp cham-
ber, they have a nodular format,
generally spherical or ovoid and
sometimes they mimic the internal
anatomy of the coronal aspect of
the pulp chamber. In the root ca-
nal space, they have a more diffuse
structure, with a tubular or cylin-
drical configuration, partly follow-
ing the design of the root canal. The
size varies from microscopic bodies
to structures that occupy the entire
space of the pulp chamber3.

Pulpal canal calcification or sclero-
sis may be the result of physiological
tooth aging, sequelae following den-
tal trauma, autotransplants, carious
lesions, excessive orthodontic treat-
ment, iatrogenic dental treatment,
or regenerative endodontic proce-
dures?. Other factors, according to
Beres et al., could be: fluoride-rich
supplements, D hypervitaminosis,
or a possible genetic predisposition
(dentinogenesis imperfecta and den-
tal dysplasia which can be seen even
in unerupted teeth’.

Material and methods

To achieve the aim of this paper, a
literature search was conducted us-
ing the databases PubMed, Google
Scholar, ScienceDirect, Wiley, Sco-
pus, Web of Knowledge, EBSCOhost
to find published scientific papers
and articles related to the therapy of
calcified root canals.

The search was performed using
the following keywords: endodontic
therapy, calcified canals, obliterated
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canals, guided endodontics, artificial
intelligence, 3D printed templates.

Symptoms

The symptomatology of calcified
canals varies from the absence of
symptoms, which is the most com-
mon finding, to minimal sensitiv-
ity. The most common complaint of
patients is darkening of the teeth,
which is due to reduced blood supply
to the pulp tissue, which has a signif-
icantly reduced volume. Other symp-
toms that appear include brief pain
during chewing, and the vitality test
may show very low sensitivity, which
may disappear over time.

McCabe et al. examining the impact of
trauma on anterior teeth, concluded
that 25% of the teeth in their cases
developed calcifications, but 75% of
them were asymptomatic®. Ogini et
al. in their study of 168 traumatized
teeth with discoloration, found that
47.6% had partial obliteration and
31.6% had complete obliteration’.

Pulp sclerosis as a diagnosis is not
a reason for endodontic treatment,
but its presence may further wors-
en the prognosis of treatment. The
presence of pathological changes in
the periapical tissue is a common
finding in teeth that have undergone
calcific metamorphosis because of
trauma and is an indication for initi-
ating endodontic treatment. Accord-
ingly, indications for pulp treatment
are in cases of irreversible pulpitis
or presence of apical periodontitis®.

Diagnostics

Diagnosing the degree of calcifica-
tion and patency of the root canals
is an important aspect of endodontic
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treatment. Accurate diagnostics in
daily routine usually include clinical
examination, application of vitality
test and X-ray diagnostics (Fig.1 and
2).

Clinical identification is wusually
based on various imaging methods,
such as X-ray radiography (periapi-
cal, panoramic radiography, etc.)
and cone-beam computed tomog-
raphy (CBCT). Two-dimensional X-
ray radiography offers advantages
such as ease of use and low radia-
tion dose. A partial disadvantage in
the identification of calcifications on
two-dimensional radiography is the
limitation of the identification of
calcifications smaller than 200 pum.
Overlapping anatomical structures
can also be an obstacle to the iden-
tification of calcifications in the root
canals of multi-rooted teeth>.

CBCT is a newer method used for di-
agnostic purposes. It provides high-
resolution and three-dimensional
spatial structural information (Fig.
3). It offers detailed visualization,
showing the precise location, size,
and extent of pulpal calcifications
from axial, coronal, and sagittal per-
spectives?’.

Automated systems for root and root
canal morphology detection have
been developed, using advanced al-
gorithms for analyzing dental imag-
es8. Artificial intelligence is used to
successfully display the canal config-
uration, root morphology and over-
all tooth structure. This technology
can be particularly useful in cases
involving complex anatomical struc-
tures, where individual interpreta-
tion can make errors®.

Artificial intelligence (Al) is enabling
automated biomedical image analy-
sis, decision support, and treatment
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planning'. It should be noted that
artificial intelligence-driven soft-
ware has shown its help in diagnos-
ing complex cases such as periapical
lesions, fractures, and calcifications,

as well as in predicting treatment
outcomes. Cutting-edge technology
supported by artificial intelligence
will increase the precision and effi-
ciency of endodontic procedures®.

Figurel: Panoramic radiograph of a 31-year-old patient with a history of trauma to the upper
anterior incisors several years ago, showing complete canal obliteration

Figure2: Calcifications shown on intraoral radiographs. A) failed endodontic treatment of

the upper left molar due to complete obliteration of the root canal system; B) presence of

calcifications in the pulp chamber of the upper left molar, resulting from a mesial carious
lesion; C) partial calcification in the pulp chamber, with a completely obliterated distal canal.




Figure3: 3D CBCT analysis of a lower left molar where horizontal cross-sections of segments

show the presence of calcifications in the ventricular part, visible canal obliteration in the
root canals

Management

The American Endodontic Asso-
ciation (AAE) classifies endodontic
treatment of calcified canals as a
high-risk treatment, due to the risk
of complications and failure?.

Treatment of calcified root canals
requires time, patience, good skills
and specialized equipment. The use
of ultrasonic instruments and ad-
vancedirrigation techniques further
increase the percentage of success-
fully completed treatments. Accu-
rate diagnosis and careful work can
prevent complications such as per-
forations and broken instruments.

Magnification and good illumina-
tion as an integral part of modern
endodontic treatment are essen-
tial in the localization of the ca-
nals. With proper illumination and
magnification, it is much easier to
detect anatomical challenges and
reduce the likelihood of making er-
rors. The most commonly used de-
vices are dental loupes and oper-
ating microscopes. Dental loupes
offer magnification levels of 2.5x to
6x and are more suitable for routine
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procedures. Operating microscopes
provide magnification levels of 6x to
30x and can be used in more com-
plex situations, such as locating cal-
cified root canals, better detecting
broken instruments, or performing
microsurgical procedures. Studies
show that operating microscopes
provide much improved visualiza-
tion and precision in complex cases,
compared to dental loupes!'2,

Magnification combined with illu-
mination can provide a better field
of view for successful treatment of
calcified canals, so that procedural
errors can be minimized®. The oper-
ating microscope has integrated co-
axial illumination and provides fo-
cused, shadow-free illumination of
the surgical field. The dental loupes
and microscopes use high-intensity
LEDs that offer adjustable bright-
ness levels to optimize visibility and
precision',

Access cavity and course of end-
odontic treatment

Preparation of an adequate access
cavity and removal of pulp tissue



are important steps at the begin-
ning of treatment.

The design of the conventional ac-
cess cavity has remained unchanged
for decades, as it allows adequate
visibility and facilitates identifica-
tion of the root canal entrances®.
The “systematic respect for original
tissues” means that in dentistry as
a profession, original tissue is val-
ued more than its replacement!1%18,
This approach has led to the avoid-
ance of the preparation of the clas-
sical access cavity and the introduc-
tion of narrower and smaller access
cavities that preserve the tooth tis-
sue.

In their study, Falcon A. et al.® high-
light the so-called chamberless end-
odontic approach (CEA) which can
mitigate the risks of treating cal-
cified canals. The integrity of the
clinical crown is preserved, creat-
ing a minimal access to the root ca-
nal. CEA modifies the endodontic
approach by using the apical fora-
men, instead of the foramen as the
determinant for the straight-line
approach. With this approach, the
preservation of the coronal struc-
ture of the tooth is maximized,
while at the same time it provides
sufficient access to perform chemo-
mechanical removal of debris from
the canal system. The advantages of
this approach are not yet sufficient-
ly documented in the literature to
confirm its contribution.

Accurate detection of root canal
entrances can be challenging when
dealing with calcified canals, given
that calcified structures may be
present in the pulp chamber, cov-
ering the canal entrances. Several
methods have been recommended
for accurate detection of root canal

entrances. One of them is the use
of ultrasonic extensions to prepare
the pulp floor, as the use of turbine
diamond chips can easily lead to
pulp floor perforations. Ultrasonic
treatment removes loosely attached
calcified structures, revealing lines
of developmental fusion leading to
the root canal entrances?.

Another aid in canal detection is the
use of dyes, such as methylene blue,
which penetrate the root canal en-
trances and makes them visible and
easier to detect. The advantage of
the dye is that it can also be used to
locate potential fissures.

Aliquid EDTA solution can be applied
to the pulp chamber (with a pipette
or cotton swab) and can be useful
for identifying the canal openings,
as bubbles begin to emerge from the
pulp tissue. According to Hiilsmann
et al., one to five minutes is suffi-
cient for its action. The location of
narrow canal entrances is checked
using the DG16 endodontic probe.
With its sharp and firm tip, any cal-
cification present can be further re-
moved?.

Checking the patency of the root ca-
nals and creating a glide path are the
next procedures in endodontic ther-
apy. Patency is checked by selecting
an appropriate instrument with a
smaller diameter (pathfinder). Path-
finder in calcified canals is a critical
step, since very often calcifications
prevent patency. Mannual endodon-
tic instruments, K-files, C Files+, D-
finders with the smallest diameter
varying from 0.06, 0.8 and 0.10 with
2% with tapers, are commonly used
as pathfinding files. These instru-
ments are employed to pre-shape
the length of the root canal space
prior to transitioning to larger taper
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endodontic instruments. Clockwise
and counterclockwise movements
are made to ensure safe navigation
without damaging the canal walls.
This is accompanied by irrigation
with NaOCl, along with the use of
EDTA gel at lower concentrations.

Regarding the efficacy of the path-
finder, Allen et al. cited several fac-
tors such as: design, helix density,
taper, cross-sectional design, ther-
mal tempering, type of metal, clini-
cian skill, and clinical conditions?.

Camps et al. pointed out the path-
finder cross-section as an important
factor in endodontic treatment?. If
the instrument occupies the entire
endodontic volume during instru-
mentation, dentin scrapings are
created and they cannot be removed
coronally, as the space is limited by
the instrument body. This leads to
apical displacement of the debris,
resulting in loss of working length
and apical patency.

Baruwa et al. gave a comprehensive
review of selected stainless steel
dental instruments, providing valu-
able insights into their mechanical
and physical properties. While simi-
larities in cross-section design and
metal wire composition were noted
among the files, variations in the
number of spirals and mechanical
performance were observed. They
analyzed characteristics such as the
length of the active blade, which
varied between 16 and 17 mm, and
the number of spirals, which varied
between 24 to 42 . The number of
spirals in a file plays a crucial role
in its performance during root ca-
nal procedures, since more spirals
enhance the flexibility but decrease
the cutting efficiency and rigidity.
Conversely, a lower-pitch instru-
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ment, with fewer spirals, is more
effective for filing but less effective
for reaming?*. Thus, all of these fac-
tors should be considered when se-
lecting suitable files for an efficient
root canal treatment.

When using these instruments in
calcified canals, the choice of in-
strument according to hardness
can be a problem. Choosing instru-
ments with high flexibility, in addi-
tion to the fact that they are prone
to deformation, may be a problem to
penetrate the calcified canals. How-
ever, instruments that are too stiff
with a strong bending resistance
can lead to damage to the dentinal
walls, i.e. create ledges and perfora-
tions, thus compromising clinical
outcomes?. To eliminate such er-
rors, a gradual increase in instru-
ment size is recommended, starting
from ISO size 06 to 10, using gentle
clockwise and counterclockwise
movements adapted to the specific
clinical circumstances?.

Instead of manual instrumenta-
tion, a patency of the root canals
and glide path can be formed us-
ing NiTi rotary instruments with a
small taper. But, despite the less ef-
fort, carelessness when using rotary
NiTi instruments can easily lead to
file fracture. Effective navigation
through the complex anatomy of
the canal and negotiation of tight
curves relies heavily on the ability
of the file to maintain centricity and
prevent transport or ledging. Gam-
barini et al. present data on the use
of thin stainless steel hand K-files
applied to a reciprocally mounted
instrument as a possible alternative
for creating a glide path®.

Once the glide path is established,



the use of rotary NiTi instruments
becomes easily feasible. Almost 90%
of the calcified canals can be nego-
tiated to the apical third with the
help of conventional techniques
and the operating microscope. The
success rate after a follow-up period
of 3 years was found to be 80%2.

An integral part of endodontic
treatment is the use of irrigant, par-
ticularly in the treatment of calci-
fied canals, where chelating agents
play a significant role. Calcifications
have an organic and inorganic com-
ponent. The inorganic component
is composed of calcium ions in the
form of hydroxyapatite. For this
reason, the use of chelating agents
such as EDTA in gel form is neces-
sary for their action?.

Hulsman et al. emphasize that EDTA,
in addition to calcium ions, also acts
on the non-collagenous protein com-
ponent of dentin. In combination
with NaOCl, it significantly changes
the calcium and phosphate content
contained in the dentin of the canal.
This combination improves demin-
eralization, so that the irrigant can
penetrate much more effectively?.
The continuous chelation seems to
be equally or more effective in all
investigated outcomes when com-
pared to the traditional sequential
protocol. It refers to the combina-
tion of a soft chelator with NaOClI
for simultaneous antimicrobial and
proteolytic action with the smear
layer removal. According to this
protocol, NaOCl is added with the
salt of a weak chelator, 1 hydroxy-
ethylidene-1, 1-bisphosphonate or
etidronate (HEBP or HEDP or eti-
dronate), because the tetra-sodium
HEDP salt is extremely compatible
with NaOCl. This combination also

acts on the organic component and
provides an additional antibacterial
effect. In particular, HEBP acts to
reduce the smear layer, providing
continuous chelation, minimizing
dentin erosion compared to EDTA.
In the tested group of chelates in
the study by Zehnder et al. HEBP
showed a three-fold lower calcium
chelation capacity compared to the
complexation ability of EDTA. This
may limit its effectiveness in calci-
fication, but this milder action may
reduce the risk of excessive demin-
eralization?.

Maleic acid and peracetic acid can
be used as alternatives for smear
layer removal due to their stronger
capabilities compared to NaOCI.

According to La Rosa et al., a contin-
uous chelation protocol maintains
canal cleanliness and antimicrobi-
al efficacy, demonstrating reduced
dentin erosion. This can be achieved
by using chelating agents and NaOCl
simultaneously, ensuring consistent
action throughout the procedure?.

Figure 4 shows a case of a 76-year-
old female patient requiring end-
odontic therapy and advanced pulp
calcification. The patient had intra-
oral swelling localized to the area of
the upper right lateral incisor, with
old bridge construction. The exami-
nation revealed a fistula on the ves-
tibular side. Endodontic treatment
was performed without removal of
the prosthetic restoration.
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Figure4: A. Narrowing of the canal of tooth 12, accompanied by diffuse periapical change;
B: Access cavity through the crown, formation of a glide path using a D-finder 0.8 hand
instrument, interappointment Ca(OH) paste placed C: Control image of the filling with Ca(OH)
, D: definitive obturation of the canal

Guided endodontics

The continued development of oral
digital technology enables a new way
to treat calcified root canals through
guided endodontics. Guided endodon-
tics is a technological approach that
is not limited to finding pathways or
accessing the cavity. It encompasses
the entire procedure for treating cal-
cified canals. The guided endodontic
protocol involves combining oral scan
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data and CBCT data analysis to plan a
path for opening the root canal from
a three-dimensional perspective pri-
or to the intervention, and then cre-
ating a digital guide using a 3D print-
ing technique to guide the bur during
the removal of the calcified segment
of the root canal®.

Conventional methods for treating
calcified root canals rely solely on
manual exploration, making treat-



ment highly unpredictable. Guided
endodontic therapyimproves predict-
ability by using a digitally planned ap-
proach. CAD-based treatment plan-
ning, a custom digital guide designed
with 3D printing that guides the tooth
precisely to the calcified segment of
the root canal, allows for a minimally
invasive approach.

Several in vitro and in vivo studies and
case reports have shown that treat-
ment of calcified canals using a guid-
ed endodontic technique has higher
success rates, less tooth substance
loss, and avoids complications in end-
odontic treatment compared to con-
ventional endodontic treatment3°,

Kulinkovich-Levcuk et al. in their
review described different types of
guided endodontics, including static
guided endodontics (SGE) and dynam-
ic guided endodontics (DGE)*..

SGE is performed as follows: first, a
CBCT image is taken of the patient’s
upper or lower jaw (depending on the
location of the tooth to be treated). At
the same time, an impression is taken
that will be scanned later, or an im-
age is taken with an intraoral scan-
ner. The two resulting images are su-
perimposed using software, whereby
a guide is easily designed to cover the
tooth to be treated (and some adja-
cent teeth). In this guide, a place is
determined where a drill with a spe-
cific appropriate diameter and angle
is placed to allow direct access to the
calcified canal. Cylinders or “sleeves”
are then designed to allow a drill to
reach into the root canal through
the drilled cavity. The inner cylinder
is smaller and made of metal. Once
the designs are complete, the file is
exported from the planning software
and used for 3D printing of the guide.
To proceed with the procedure, the

guide is tried on to ensure it fits the
patient’s teeth. The inner metal cyl-
inder guides the drill to access and
remove the calcified tissue, and once
the obstruction is removed, the root
canal treatment is continued in the
conventional manner. However, SGE
has several clinical limitations: re-
stricted applicability in posterior
teeth, anatomical constraints in
curved canals and insufficient cool-
ing (guided burs lack continuous wa-
ter jet cooling)®.

Similar to the static navigation ap-
proach, the dynamic navigation
technique begins with a high-res-
olution preoperative CBCT scan to
plan the entry point, pathway, depth,
and angle of the bur. The dynamic-
guided technique uses a mobile unit
equipped with a stereoscopic cam-
era for motion tracking and a com-
puter with planning software that
uses CBCT data to guide a calibrated
handpiece?®. With the help of a ste-
reo camera connected to a dynamic
navigation system, the trajectory of
the drills into the pulp chamber and
root canal is coordinated in real time.
This way, the operator can follow ev-
erything he/she does on a monitor
and can correct or adjust the angu-
lation of the instruments as needed.
The operator can visually monitor
the penetration of the root canal on a
laptop screen in real time, with depth
indicated by changes in the color of
the depth gauge3?.

Figure 5 shows the diagram of all
steps in the digital workflow for the
creation of an endodontic guide.

However, the high cost of acquisition
and the need for operator skills are
significant disadvantages of dynamic
navigation.
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EXAMINATION

\/

INTRAORAL SCAN

GUIDED ENDODONTICS

Figure4: Diagram of all steps in the digital workflow for the creation of an endodontic guide.
Image reproduced from “Guided Endodontics as a Personalized Tool for Complicated Clinical
Cases” by Wojciech Dabrowski, Wiestawa Puhalska, Adam Zimlewski, and Ivona Ordinjec-
Kwallnica, published by MDPI under the Creative Commons Attribution (CC BY) license
(https://creativecommons.org/licenses/by/4.0/). No modifications have been made to the
original images.

Artificial Intelligence in Negotiating
Calcified Canals

Artificial Intelligence (Al), with its
technological advances, is also find-
ing its place in the treatment of cal-
cified root canals®. These techno-
logical advances improve diagnostic
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accuracy, treatment planning, and
real-time navigation, significantly in-
creasing efficiency in complex cases.
Combining CBCT analysis, dynamic
navigation, and adaptive tools, Al en-
ables precise location and treatment
of root canals, significantly reducing



the likelihood of complications. Con-
tinued advances in machine learning
and Al-driven robotics are expected
to further revolutionize endodontic
workflows, offering improved pre-
dictability and clinical efficiency in
complex cases®.

CBCT analysis as a significant part in
identifying calcified canals has been
improved in its interpretation by Al-
driven algorithms. By employing ma-
chine learning models, clinicians can
analyze canal trajectories, facilitate
more accurate preoperative planning
and enable the prediction of the opti-
mal access pathway for negotiation®.

Al also plays significant role in reduc-
ing the risk of iatrogenic errors in-
cluding perforations or excessive den-
tin removal by the use of Al-powered
dynamic navigation systems that en-
able real time guidance during end-
odontic treatment. They allow clini-
cians to modify the approach based
on continuous feedback?.

Al-based systems through predictive
modelling can also assist in recom-
mending an optimal file sequence en-
suring a conservative approach. Also,
Al can be incorporated in instrumen-
tation strategies enabling adaptive
refinements in rotational speed and
torque, preventing instrument frac-
tures’®.

Conclusion

Calcifications in the pulp and root ca-
nals are a challenge in conventional
treatment, often resulting in pro-
longed treatment times, increased
risks during the procedure, and un-
predictable outcomes.

The application of diagnostic proce-
dures with new modern methods in

the treatment of calcified root ca-
nals aims to improve the accuracy,
efficiency, and success rates of end-
odontic treatment. The minimally
invasive approach through guided
endodontics, which combines CBCT
data and 3D printed guides, allows a
high degree of precision in accessing
the canal system, significantly reduc-
ing the risk of iatrogenic errors. The
use of improved irrigant and chelat-
ing agents further facilitates the pro-
cess of treating calcified canals. Simi-
larly, artificial intelligence-driven
treatment planning and navigation
systems allow clinicians to overcome
anatomical complexities, offering
new possibilities for more successful
endodontic procedures.

References

1. Krasner, P., & Rankow, H. Anat-
omy of the pulp-chamber floor.
Journal of Endodontics, 2004;
30(1), 5-16.

2. Chaniotis A., Ordinola-Zapata R.
Present status and future direc-
tions: Management of curved and
calcified root canals. Int. Endod.

J. 2022;55((Suppl. 3)):656-684.

3. Yel, LiS, Li C, Wang C, Wei X,
Zhou W, Du Y. Pulp calcifica-
tion identification on cone beam
computed tomography: an ar-
tificial intelligence pilot study.
BMC Oral Health. 2024 Sep
27;24(1):1132

4. Ishak, G., Habib, M., Tohme, H.,
Patel, S., Bordone, A., Perez, C.,
& Zogheib, C. Guided endodontic
treatment of calcified lower in-

cisors: A case report. Dentistry
Journal, 2020; 8(3), 74.

5. Beres F, Isaac J, Mouton L, Rouz-

155



10.

11.

12.

13.

iére S, Berdal A, Simon S, Des-
sombz A. Comparative Physi-
cochemical Analysis of Pulp
Stone and Dentin. ] Endod. 2016
Mar;42(3):432-8

McCabe P.S., Dummer P.M. Pulp
canal obliteration: An endodon-
tic diagnosis and treatment chal-
lenge. Int. Endod. J. 2012;45:177-
197

Oginni AO, Adekoya-Sofowora
CA. Pulpal sequelae after trauma
to anterior teeth among adult
Nigerian dental patients. BMC
Oral Health. 2007 Aug 31;7:11.

Bonny, T., Al Nassan, W., Obai-
deen, K., Rabie, T., AlMallahi, M.
N., & Gupta, S. Primary Methods
and Algorithms in Artificial-In-
telligence-Based Dental Image
Analysis: A Systematic Review.
Algorithms, 2024. 17(12).

Ding H, Cui Z, Maghami E, Chen
Y, Matinlinna JP, Pow EHN, et
al. Morphology and mechanical
performance of dental crown
designed by 3D-DCGAN. Dent
Mater. 2023;39:320-32. 10.1016/j.
dental.2023.02.001

Setzer FC, Li J, Khan AA. The
Use of Artificial Intelligence in
Endodontics. J Dent Res. 2024
Aug;103(9):853-862.

Kamath D., Paul J., Joseph A.,
Varghese J. magnification in end-
odontic. Dental loupes vs. Micro-
scope. ] Odontol Res 2015, Vol-
ume 3, Issue 1: 31-34

Abasseri T, Ha W. Value of in-
cluding loupes in prosthodontic
and endodontic components of

dental degrees: a systematic re-
view. Br Dent J. 2023 Aug 9.

Brown MG, Qualtrough AJE,

156

14.

15.

16.

17.

18.

19.

McLean W. Magnification in un-
dergraduate endodontic teach-
ing in the UK and Ireland: a
survey of teaching leads in
Endodontology. Int Endod J. 2020
Apr;53(4):553-561.

Al Shaikhly B, Harrel SK, Umo-
rin M, Augsburger RA, Jalali P.
Comparison of a Dental Operat-
ing Microscope and High-reso-
lution Videoscope for Endodon-
tic Procedures. J Endod. 2020
May;46(5):688-693.

dos Santos Miranda, A. R. L., de
Moura, J. D. M., Calefi, P. H. S,,
Amoroso Silva, P. A., Marcelia-
no Alves, M. F. V., Lopes, R. T,,
et al. Influence of conservative
endodontic access cavities on
instrumentation of oval-shaped
straight root canals. Interna-
tional Endodontic Journal, 2022.
55, 103-112.

Dioguardi M, La Notte D, Sov-
ereto D, Quarta C, Martella A,
Ballini A. Influence of Cavity
Designs on Fracture Resistance:
Analysis of the Role of Differ-
ent Access Techniques to the
Endodontic Cavity in the Onset
of Fractures: Narrative Review.
ScientificWorldJournal. 2024 Jul
30;2024:1648011.

Ericson, D., Kidd, E., McComb, D.,
Mjor, 1., & Noack, M. J. Minimally
invasive dentistry—concepts and
techniques in cariology. Oral
Health & Preventive Dentistry,
(2003). 1(1), 59-72.

Gutmann, J. L. Minimally in-
vasive dentistry (Endodontics).
Journal of Conservative Dentist-
ry, 2013;16(4), 282-283.

Falcon PA, Falcon CY, Abbasi F,
Hirschberg CS. Chamberless End-



20.

21.

22.

23.

24,

25.

26.

odontic Access for Treatment of
Calcified Anterior Central Inci-
sors. ] Endod. 2021 Feb;47(2):322-
326.

Chaniotis A, Sousa Dias H, Cha-
nioti A. Negotiation of Calcified
Canals. J Clin Med. 2024 May
4:13(9):2703

Hulsmann, M., Heckendorff, M.,
& Lennon, A. Chelating agents
in root canal treatment: Mode of
action and indications for their
use. International Endodontic
Journal, 2003. 36(12), 810-830.

Allen, M. J., Glickman, G. N., &
Griggs, J. A. Comparative analy-
sis of endodontic pathfinders.
Journal of Endodontics, 2007;
33(6), 723-726.

Camps, J. J., & Pertol, W. J. (. Re-
lationship between file size and
stiffness of stainless steel instru-
ments. Dental Traumatology,

1994; 10(6), 260-263.

Baruwa, A. O., Chasqueira, F.,
Arantes-Oliveira, S., Caramés, J.,
Marques, D., Portugal, J., & Mar-
tins, J. N. R. Comparative analy-
sis of endodontic 0.15 stainless-
steel K-files: Exploring design,
composition, and mechanical
performance. Dentistry Journal,
2024 : 12(2), 29.

Gambarini, G., Plotino, G., San-
nino, G., Grande, N. M., Giansi-
racusa, A., Piasecki, L., da Silva
Neto, U. X., Al-Sudani, D., & Tes-
tarelli, L. Cyclic fatigue of instru-
ments for endodontic glide path.
Odontology, 2015; 103(1), 56-60.

Kiefner P., Connert T., ElAyouti
A., Weiger R. Treatment of cal-
cified root canals in elderly peo-
ple: A clinical study about the

27.

28.

29.

30.

31.

32.

33.

34.

accessibility, the time needed
and the outcome with a three-
year follow-up. Gerodontology.
2017;34:164-170

La Rosa GRM, Plotino G, Nagen-
drababu V, Pedulla E. Effective-
ness of continuous chelation
irrigation protocol in endodon-
tics: a scoping review of labora-
tory studies. Odontology. 2024
Jan;112(1):1-18.

Zehnder M. Research that mat-
ters - irrigants and disinfectants.
Int Endod J. 2012;45:961-962.

Connert T, Weiger R, Krastl G.
Present status and future di-
rections - Guided endodontics.
Int Endod J. 2022 Oct;55 Suppl
4(Suppl 4):995-1002.

Gao, Y., Wang, L., Fu, Y., Yang, F.,
Zhang, L., & Huang, D. Minimally
invasive treatment of calcified
root canals in anterior teeth
with digital guide technique.
Hua Xi Kou Qiang Yi Xue Za Zhi,
2022. 40(1), 111-122.

Kulinkovych-Levchuk K, Pecci-
Lloret MP, Castelo-Baz P, Pecci-
Lloret MR, Onate-Sanchez RE.
Guided Endodontics: A Literature
Review. Int J Environ Res Public
Health. 2022 Oct 26;19(21):13900

Dianat O., Nosrat A., Tordik
P.A., Aldahmash S.A., Romberg
E., Price J.B., Mostoufi B. Accu-
racy and Efficiency of a Dynamic
Navigation System for Locat-
ing Calcified Canals. ]J. Endod.
2020;46:1719-1725.

Asgary S. Artificial Intelligence
in Endodontics: A Scoping Re-
view. Iran Endod J. 2024;19(2):85-
98.

Leite AF, Gerven AV, Willems H,

157



Vol. 17 No.2 2025

Beznik T, Lahoud P, Gaéta-Arau-
jo H, Vranckx M, Jacobs R. Arti-
ficial intelligence-driven novel
tool for tooth detection and seg-
mentation on panoramic radio-
graphs. Clin Oral Investig. 2021
Apr;25(4):2257-2267

35. Nanda, O., Mishra, P., & Nikhil, V.
Negotiating calcific canal oblit-
eration with predictability: A
literature review. International

Journal of Research and Review,
2024; 11(8), 31-37.

36. Selvanayagam, D. P., et al. Calci-
fied canal and negotiation: A re-
view. Research Journal of Phar-
macy and Technology January
2018; 11(8):3727




ARCHIVES OF PUBLIC HEALTH

CASE REPORT

WHEN ROUTINE TURNS RISKY: DVT IN HEALTHY PATIENT AFTER KNEE
ARTHROSCOPIC PARTIAL MENISCECTOMY- CASE REPORT

Zorica Vangelovska', Zoran Nestorovski!, Ana-Marija Maneva?, Darko Talevskit, Nikola Gramatnikovski®, Bozidar

Blazevski?, Berat Sejdinit
1

2
3
4

General Hospital ‘8" of September’, Department of Orthopedics and Traumatology, Skopje, North Macedonia

PHI Clinical Hospital- Shtip, Department of Orthopedics and Traumatology, Shtip, North Macedonia

University Clinic for Thoracic and Vascular Surgery, Department of Vascular Surgery, Skopje, North Macedonia

General Hospital ‘8" of September”, Department of Diagnostic and Interventional Radiology, Skopje, North Macedonia

Citation: Vangelovska 7, Nestorovski 7, Maneva
AM, Talevski D, Gramatnikovski N, Blazevski B, Se-
jdini B.: When routine turns risky: DVT in healthy
patient after knee arthroscopic partial meniscec-
%(S)éni/m case report Arch Pub Health 2025; 17 (2).

doi.org/10.3889/aph.2025.6561

Key words: DVT, arthroscopy, meniscectomy,
low molecular weight heparin, orthopedic com-
plications

*Correspondence:

Zorica Vangelovska, General Hospital “8" of Sep-
tember”, Department of Orthopedics and Trau-
matology, Skopje, North Macedonia.

E-mail: vangelovskaz@gmail.com

Received: 23-Aug-2025; Revised: 3-Dec-2025;
Accepted: 15-Dec-2025; Published: 30-Dec-2025

Copyright:°2025.  Zorica  Vangelovska, Zoran
Nestorovski, Ana-Marija Maneva, Darko Talevski,
Nikola Gramatnikovski, Bozidar Blazevski, Berat
Sejdini . This is an open-access article distributed
under the terms of the Creative Commons Attribu-
tion License, which permits unrestricted use, distri-
bution, and reproduction in any medium, provided
the original author(s) and source are credited.

Competing Interests: The author have declared
that no competing interests

MPUKA3 HA CNTYYAJ

Abstract

Arthroscopic meniscectomy is considered a low-risk procedure with minimal incidence of venous
thromboembolism (VTE). However, rare complications such as deep vein thrombosis (DVT) may
still occur, even in patients without classical risk factors. We report the case of a 55-year-old male
who developed acute DVT in the right lower extremity six days after undergoing an uneventful
arthroscopic partial meniscectomy. The patient had no prior thrombotic events or comorbidities.
Diagnosis was confirmed via duplex ultrasound, and therapeutic anticoagulation with low
molecular weight heparin was initiated. Follow-up imaging after six weeks demonstrated partial
recanalization. No complications from anticoagulant therapy were observed. This case highlights
the importance of clinical vigilance for thromboembolic complications, even after routine
orthopedic procedures in low-risk individuals.
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11ja 3a BeHcku Tpomboembommsam (BTE). Cenak, peTKi KOMIUIMKALIMM KAKO IITO € [TaboKa BeH-
cKka Tpombo3a ([[BT) cé yirre Mose fia ce TojaBaT M Kaj MareHTH Oe3 KNacuuHu pusKK-(hakToOpH.
[TpukaxyBame ciyuaj Ha 50-ropiviieH matueHT Koj pa3su [IBT mecTtror nocronepatuBet jieH 1o
apTPOCKOTICKa MapiyjatHa MeHucriekTomuja. [larmenTor beme 6e3 KoMOpOMAUTETH 1 BAaCKYTapHU
HapylyBata. [[ujarHosara ce MOTBP/Y O I0IUIED Ha JI0JHUTE eKCTPEMUTETH 110 HITO Ce 3a1louHa Co
TepaneBTCKO AHTHKOATYIAHTHO JIEKYBAKbE CO HICKO MOTeKyTapeH XenapyuH. KoHTPoTHOTO CHUMAarbe
110 6 HeJieJu TOKaXa Jie/iyMHa pekaHanm3anuja. He ce 3aberexkaa KOMITTMKALMK OJf OPJIMHUPAHATA
aHTUKOATyNaHTHA Tepamuja. OBOj C/yuaj ja HarmacyBa BAXKHOCTA Off KIMHIUKATa OY7JHOCT 3a TPOM-
00eMOOIMCKY KOMIUTMKALMY U T10 PYTUHCKY OPTOIe[ICKHU MPOLIeyPU Kaj JIIA CO HU30K PU3KK.




Introduction

Arthroscopic knee surgery, particu-
larly isolated partial meniscectomy
is generally considered a low-risk
procedure with minimal risk of ve-
nous thromboembolism (VTE). The
implementation of early mobiliza-
tion protocols and the short dura-
tion of the intervention further
reduce the likelihood of deep vein
thrombosis (DVT). However, recent
reports suggest that (VTE) can still
occur in patients without tradition-
al risk factors. In this case report,
we present a patient who developed
DVT on postoperative day 6 follow-
ing routine arthroscopic meniscec-
tomy.

Case report

A 55-year-old male presented with lo-
calized pain in the medial compart-
ment of the right knee, persisting
over several months. The patient re-
ported a history of a distortion injury
to the same knee approximately five
months earlier. On clinical examina-
tion, palpable tenderness was noted
along the medial joint line. Active
and passive range of motion were
preserved and within normal limits.
Both the McMurray test and the Ap-
ley compression test were positive,
indicating possible meniscal involve-
ment. Radiological evaluation in-
cluded a plain radiograph (X-ray) of
the right knee, which revealed early
degenerative changes in the medial
compartment, consistent with incipi-
ent medial compartment osteoar-
thritis (gonarthrosis) (Figure-1).

A 4

Figure 1: Radiographs of the right knee (anteroposterior and lateral views) showing early
degenerative changes in the medial compartment

Further evaluation with magnetic
resonance imaging (MRI) in the sag-
ittal plane demonstrated a horizon-
tal tear of the posterior horn of the
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medial meniscus in the right knee
(Figure 2).



Figure 2: MRI of the right knee
demonstrating a horizontal tear of the
posterior horn of the medial meniscus

The patient underwent arthroscop-
ic partial meniscectomy under spi-
nal anesthesia. A tourniquet was
applied to the proximal right thigh
and inflated to 300 mmHg. The pro-
cedure was carried out through two
standard arthroscopic portals (an-
teromedial and anterolateral). The
torn segment of the posterior horn
of the medial meniscus was resect-
ed. The total operative time was 30
minutes. The intraoperative and im-
mediate postoperative course was
uneventful and the patient was dis-
charged with standard postopera-
tive instructions and analgesia. The
patient was discharged on the first
postoperative day in stable condi-
tion with prescribed pharmacologi-
cal thromboprophylaxis consisting
of oral anticoagulant therapy Rivar-
oxaban (Rufixalo 10 mg once daily) in
addition to standard postoperative
analgesics. On postoperative day 6,

the patient presented to the Emer-
gency Department with complaints
of intense pain in the right popliteal
fossa and posterior lower leg, exac-
erbated by standing and ambulation.
On physical examination, swelling
and increased local temperature
were noted in the right lower ex-
tremity, raising clinical suspicion for
deep vein thrombosis (DVT). Physical
examination revealed the following
findings: pain on palpation along the
posterior aspect of the right calf, lo-
calized swelling, redness, increased
temperature, firmness of the affect-
ed area and positive Homan’s sign
(Figure 3).

Figure 3: Swelling and redness of the right
lower extremity

Laboratory Findings - Coagulation
profile: prothrombin time (PT): 10.3
seconds. Activated Partial Thrombo-
plastin Time (aPTT): 9.1 seconds. In-
ternational Normalized Ratio (INR):
0.8, D-dimer: 0.45 mg/L. Complete
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blood count (CBC) and biochemical
parameters: within normal limits.
Duplex Utrasound Report - lower
extremity venous system findings:
The popliteal vein was completely
filled with thrombotic material and
appeared non-compressible. Evi-
dence of a recanalization process
was noted both centrally and periph-
erally. The anterior tibial veins were
thrombosed. The small saphenous
vein (v. saphena parva) demonstrated
normal dimensions, and was par-
tially compressible and filled with
thrombotic material. Findings were
consistent with deep vein throm-
bosis (DVT) involving the popliteal
and anterior tibial veins, with early
signs of recanalization in the pop-
liteal segment. Partial involvement
of the small saphenous vein was
also noted. The patient was initi-
ated on therapeutic anticoagulation
with low molecular weight heparin
(LMWH) - Fraxiparine 0.6 mL (5700 IU)
administered subcutaneously twice
daily (2x1 s.c.). In addition, antibiot-
ic therapy was prescribed and local
compresses with boric acid were ap-
plied to the affected area. Support-
ive measures included limb eleva-
tion and instructions for continued
outpatient monitoring. Over the
following six weeks, the patient re-
ported gradual improvement in pain
and local clinical findings. Follow-
up duplex ultrasonography demon-
strated partial recanalization of the
affected veins. No adverse effects re-
lated to anticoagulant therapy were
observed during this period. The
patient remains under ambulatory
follow-up with clinical vigilance for
the potential development of post-
thrombotic syndrome.
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Discussion

Prospective'” studies have reported
an incidence ranging from 1.2% to
17.9% of DVT after artroscopyl-7. Ar-
throscopic knee procedures, partic-
ularly isolated partial meniscectomy
are typically considered low-risk in
terms of thromboembolic compli-
cations. Early mobilization, short
operative time and the minimally
invasive nature of the technique
contribute to this favorable risk pro-
file. As a result, routine pharmaco-
logical thromboprophylaxis is not
universally recommended for such
procedures, especially in patients
without known risk factors. Howev-
er, the present case challenges this
paradigm by demonstrating the oc-
currence of deep vein thrombosis in
a previously healthy, low-risk patient
following a standard arthroscopic
intervention. This underscores the
fact that VTE can occur even in the
presence of appropriate prophylactic
measures, and highlights the limita-
tions of a one-size-fits-all approach
to thromboprophylaxis. This case
also demonstrates the diagnostic
challenge posed by normal D-dimer
levels, which were within reference
range despite confirmed thrombosis.
Such findings stress the importance
of clinical judgment and imaging
(Doppler ultrasound) over reliance
on laboratory screening alone, par-
ticularly in the postoperative period
where D-dimer sensitivity may be re-
duced. This case serves as a remind-
er that even minor orthopedic pro-
cedures can carry thrombotic risk,
and that routine administration of
thromboprophylaxis does not guar-
antee protection. It is extensively ac-
cepted that thromboprophylaxis is
necessary and perioperative throm-
bosis prevention treatments are rec-



ommended in many guidelines for
major orthopedic surgeries, such as
joint replacement and trauma-relat-
ed procedures. But, no consensus has
been reached about thromboprophy-
laxis after arthroscopic surgery®. Ar-
throscopic knee surgery (AKS) is as-
sociated with a low risk of deep vein
thrombosis. Prospective studies sug-
gest a rate of 1.2% to 17.9% DVT after
AKS. The rate of symptomatic proxi-
mal thrombosis is reported much
less (0.25%-0.67%). However, VTE ac-
counts for 7% to 30% of all compli-
cations following AKS.? Angharad M
Eynon et al. presented a case of fa-
tal pulmonary embolus after knee
arthroscopy. Their case was about a
71-year-old woman who underwent
knee arthroscopy with a tourniquet
for meniscectomy and arthroscopic
lavage for osteoarthritis. Her medi-
cal history was unremarkable and
the procedure was uneventful.’® Yue
Zou et al. presented meta-analysis of
22 observational studies including
998,978 patients undergoing knee
endoscopic surgery. Their subgroup
analysis indicated that patients with
an average age over 50 years [OR=
3.18, 95%CI (1.17, 8.66), P = 0.001]
and those who underwent surgery
with a tourniquet for > 90 min [OR
= 4.79, 95%CI (1.55, 14.81), P = 0.007]
were at a significantly increased risk
of venous thrombosis after knee ar-
throscopy.”! Piya Chavalparit et al.
presented a case of a 55-year-old fe-
male who at 6 weeks after knee ar-
throscopy developed left leg swelling
without pain. She was diagnosed as
DVT and was initially treated with
enoxaparin for three days, then war-
farin for three months®. Zein Said et
al. made a postoperative screening
in Cairo University Hospital for DVT
after 2 weeks from knee arthroscopy

using ultrasonography technique to
detect the DVT incidence after such
procedure. Their study consisted of
50 patients, 44 males and 6 females,
who underwent knee arthroscopy.
Only one patient of the 50 developed
asymptomatic silent DVT within the
first 2 postoperative weeks.?

Our case and others in the literature
confirm that even routine, short-
term, low-risk arthroscopic proce-
dures can result in DVT, even in the
absence of known thrombophilic
factors. Possible contributing mech-
anisms include: tourniquet use, lo-
cal vascular compression, absence
of pharmacological thrombopro-
phylaxis and transient limb inactiv-
ity. Although clinical guidelines do
not mandate routine thrombopro-
phylaxis in these patients, this case
prompts a reassessment of risk in
individual patients, especially in the
presence of subtle factors (age, pro-
longed sitting, microvascular injury).

Conclusion

Deep vein thrombosis (DVT) may
occur as a rare but potentially seri-
ous complication following knee ar-
throscopy. It is therefore essential to
maintain a high level of clinical sus-
picion when patients present with
pain or swelling in the lower leg, even
in the absence of known risk factors.
Timely diagnosis and prompt initia-
tion of treatment can significantly
improve clinical outcomes.
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Correction to Arch Pub Health

Recica V, Naumovska Z. Diabetes in the Republic of North Macedonia: epidemiol-
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In this Article, in the Results sec-
tion Table 1 is deleted. The first para-
graph of Results section should read
“Published data by Smokovski et al.,
suggest that national prevalence in
North Macedonia in 2015 among peo-
ple aged 20 to 79 years was 11.44% or
180.180 patients with diagnosed and
undiagnosed diabetes mellitus, 46.9%
patients with diagnosed diabetes out
of whom 43.8% on insulin therapy.30
According to the International Dia-
betes Federation (IDF) Diabetes At-
las, 9th edition (2019), the estimated
prevalence of diabetes in North Mace-
donia was 11.2%, which was higher
than the global average of 9.3%. This
percentage corresponded to approxi-
mately 175,100 adults aged 20-79, in-
dicating that about one in every nine
adults in the country had diabetes
at that time. 31 In contrast, the IDF
Diabetes Atlas, 10th edition (2021) re-
ported a national prevalence of 7.4%
in North Macedonia, which was lower
than the global average of 10.5%. This
figure corresponded to an estimated
116,100 adults aged 20-79 living with
diabetes.32 ”

In the References section, one refer-
ence is listed as number 30, and this
section should follow after reference
29.
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