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Sazetak: Uvod i ciljevi: Tokom poslednjih godina uocéen je porast
incidencije dijabetes melitus tipa 1 Sirom sveta, narocito tokom pan-
demije COVID-19. Cilj naseg istrazivanja je da prikazemo incidenciju
dijabetes melitus tipa 1 u Opstoj bolnici ,,Dr Laza K. Lazarevi¢” u
Sapcu i uticaj pandemije COVID-19. Metodologija: U Opstoj bol-
nici ,,Dr Laza K. Lazarevi¢” u Sapcu gravitira 35.141 dete uzrasta
0-19 godina sa teritorije Macvanskog okruga. Podaci su skupljeni
retrospektivnom analizom elektronskih medicinskih kartona dece i
adolescenata kod kojih je postavljena dijagnoza dijabetes melitus tipa
1 u Opstoj bolnici ,,Dr Laza K. Lazarevi¢” u Sapcu od januara 2013.
do decembra 2022. godine. Rezultati: Tokom ovog desetogodisnjeg
perioda prosecna incidencija dijabetes melitus tipa 1 kod dece <19
godina bila je 14,80/100,000, sa najviSom incidencijom u uzrasnoj
grupi od 10 do 14 godina, a najmanjom u uzrasnoj grupi od 15 do
19 godina. U godinama tokom pandemije COVID-19 zabelezena
je nesto visa incidencija u odnosu na godine pre pandemije, ali bez
statisticki znacajne razlike. Zakljucak: Na osnovu podataka dobijenih
nasim istrazivanjem mozemo uociti da je COVID-19 pandemija imala
izvesnog uticaja na pojavu dijabetes melitus tipa 1 kod dece, jer je
udruzena sa viSom incidencijom u odnosu na godine pre pandemije
COVID-19.

Kljuéne redi: tip 1 dijabetes melitus, deca, incidencija, COVID-19

Abstract: Introduction and Objectives: Over the past few years, a
surge in the incidence of Type 1 Diabetes Mellitus (T1DM) has been
observed worldwide, especially during the COVID-19 pandemic.
The aim of our research is to shed light on the incidence of TIDM
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in children and adolescents at General Hospital “Dr Laza K. Laza-
revic” in Sabac, as well as the impact of the COVID-19 pandemic.
Methodology: General Hospital “Dr Laza K. Lazarevic” in Sabac
serves a population of 35,141 children aged 0-19 years from the
Macva District territory. Data were collected through a retrospective
analysis of electronic medical records of children and adolescents
diagnosed with Type 1 Diabetes Mellitus at the hospital from January
2013 to December 2022. Results: Throughout this ten-year period,
the average incidence of Type 1 Diabetes Mellitus in children under
19 was 14.80 per 100,000, with the highest incidence found in the
group aged 10-14 years and the lowest incidence found in the group
aged 15-19 years. During the years of the COVID-19 pandemic, a
slightly higher incidence was recorded compared to the years before
the pandemic, although the difference was not statistically signifi-
cant. Conclusion: Based on the data from our study, it’s clear that
the COVID-19 pandemic has had some impact on the emergence of
Type 1 Diabetes Mellitus in children, as it is associated with a higher
incidence of Type 1 Diabetes Mellitus compared to the years preceding
the COVID-19 pandemic.

Keywords: Type 1 Diabetes, Children, Incidence, COVID-19

Uvod

Dijabetes melitus tip 1 (T1DM) je rezultat interakcije genetskih, ekoloskih i
imunoloskih faktora, koji na kraju dovode do unistenja beta celija pankreasa i posle-
di¢nom nedostatku insulina. Predstavlja najces¢i tip dijabetesa koji se javlja kod dece
i adolescenata. Usled infekcije ili delovanja stimulusa iz spoljasnje sredine zapocCinje
autoimunski proces i masa beta ¢elija pocinje da se smanjuje, a insulinska sekrecija
biva poremecena. Smatra se da se kod ovih obolelih osoba nedostatak insulina razvija
kroz mesece i/ili godine i one mogu biti podloznije razvoju ketoze [1]. U svetu se
incidencija T1IDM povecava brzinom 3—4% godisnje iz nejasnih razloga, a narocito
tokom pandemije COVID-19 [2].

Cilj naseg istrazivanja je da prikazemo incidenciju T1DM u Opstoj bolnici ,,Dr
Laza K. Lazarevi¢” u Sapcu i uticaj pandemije COVID-19.

Metodologija

Podaci su skupljeni retrospektivnom analizom elektronskih medicinskih
kartona dece i adolescenata kod kojih je postavljena dijagnoza T1DM u Opstoj
bolnici ,,Dr Laza K. Lazarevi¢” u Sapcu od januara 2013. do decembra 2022.
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godine. Dijagnoza je postavljana na osnovu preporuka vodi¢a Internacionalnog
udruzenja za pedijatrijski i adolescentni dijabetes (ISPAD) [3]. Sva deca i adole-
scenti su upuéivani u nadleznu ustanovu tercijarnog nivoa, Institut za zdravstvenu
zastitu majke i deteta ,,Dr Vukan Cupié¢” u Beogradu (IMD) ili u Univerzitetsku
deciju kliniku u Beogradu (UDK), gde je dijagnoza potvrdena. Od podataka koji
su analizirani su pol, uzrast u vreme postavljanja dijagnoze, datum postavljanja
dijagnoze, prisustvo dijabetesne ketoacidoze (DKA); kod pacijenata kod kojih je
dijagnoza postavljena nakon 2020. godine postojanje akutne infekcije virusom
COVID-19 na osnovu rezultata brzog Ag testa na SARS-CoV-2, anamnesticki
podatak o prethodno prelezanoj infekciji ili kontaktu sa obolelima od COVID-19.
Postojanje DKA u momentu postavljanja dijagnoze je utvrdeno na osnovu posto-
janjanivoa glukoze u krvi>11 mmol/L (200mg/dL), uz venski pH <7,3 ili nivoom
bikarbonata <15 mmol/L, prisustva ketonemije ili ketonurije. Pacijenti su podeljeni
u pet uzrasnih grupa: 0-4 godine, 5-9 godina, 10-14 godina i 15-19 godina. Opstoj
bolnici ,,Dr Laza K. Lazarevi¢” u Sapcu gravitiraju deca Maé¢vanskog okruga
sa Opstina Sabac, Koceljeva, Vladimirci i Bogati¢. Prema nacionalnom popisu
stanovni$tva iz 2011. godine, na ovoj teritoriji bilo je 35.141 dete uzrasta 0-19
godina; na teritoriji Opstine Sabac 23.360; teritoriji Opstine Koceljeve 2.567;
teritoriji Opstine Vladimirci 3.298; teritoriji Opstine Bogati¢ 5.916. Ovi podaci
su kori$¢eni za izraCunavanje incidencije TIDM u periodu od januara 2013. do
decembra 2022. godine.

Statistika

U statistickoj analizi koris¢ene su deskriptivne i analiticke statisticke metode.
Sve statisticke analize radene su koris¢enjem SPSS softverskog paketa, verzija 23.
Znacajnost je definisana za nivo p < 0,05. Rezultati su prikazani tabelarno i graficki.

Eti¢ki odbor Opte bolnice ,,Dr Laza K. Lazarevié* Sabac dao je saglasnost za
realizaciju istrazivanja.

Rezultati
Tokom ovog desetogodisnjeg perioda identifikovano je 52 pacijenta uzrasta 0-19

godina sa novootkrivenim T1DM, sa prose¢nom desetogodisnjom incidencijom od
14,80 na 100,000 (grafikon 1, tabela 1).
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Grafikon 1. Incidencija TIDM u Macvanskom okrugu, u periodu 2013-2022.
Tabela 1. Incidencija TIDM po opStinama Macvanskog okruga
2013 |2014 [2015 [2016 [2017 [2018 [2019 [2020 2021 2022 |Ukupno
Opstina  |Proi 3 2 5 R B B 4 6 | ]38
Sabac incidencija 12,84 4,28 (8,56 [21,40 (8,56 [12,84(12,84 (17,12]25,68 |38,53 |162,67
Opstina  |Proi 0o o 1 o 2 o o 1 |1 16
Koceljeva incidencija |0 0 38,96 |0 77,91 |0 0 38,96 138,96 (38,96 |233,74
Opstina  |Proi o 1 1 o fo o 1 Jo |1 |5
Vladimirci |incidencija |0 30,32 30,32 303210 [0 [0 30,32 |0 30,32 [151,61
Opstina  [broj o o o o 1 jo [t Jo Q1 o 3
Bogati¢ incidencija [0 |0 0 0 [1690]0 [1690 (0  [16,90 [0 50,71
Magvanski  [broj 30k 4 e |5 B |4 6 8 i |5
okrug incidencija (8,54 (5,69 (11,38 [17,07|14,23 (8,54 |11,38 |17,07|22,7 |31,30 (147,98 (14,80%)

*-prose¢na desetogodsnja incidencija T1DM na 100.000

Muskog pola bilo je 29/52 pacijenta (55,8%), zenskog pola bilo je 23/52 pacijenta
(44,2%) (tabela 2). Statistickom analizom podataka nije uocena statisticki znacajna
razlika u pojavi T1IDM u odnosu na pol (3 test; p = 0,539).
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Tabela 2. Incidencija TIDM kod dece razli¢itog pola

muski

pol zenski ukupno p
broj 29 23 52

% 55,8% 442 100 0,539
populacija 18332 16809 35141

srednja incidencija | 15,82 13,86 14,80

Najvisa incidencija zabelezena je u uzrasnoj grupi 10-14 godina, a najmanja u
uzrasnoj grupi 15—-19 godina (tabela 3).

Tabela 3. Incidencija TIDM po uzrasnim grupama u Macévanskom okrugu u periodu

2013-2022.
Uzrasna grupa 0-4 godina |5-9 godina | 10-14 godina | 15-19 godina
broj 9 16 20 7
% 17,3 30,8 38,5 13,5
populacija 7714 8858 8620 9949
srednja incidencija | 11,67 18,06 23,20 7,03

Broj novootkrivenih slu¢ajeva za svaki mesec u godini pokazao je sezonsku
distribuciju sa najmanjom incidencijom od juna do oktobra (grafikon 2).
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Grafikon 2. Sezonska distribucija TIDM dece uzrasta 0—19 godina
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U periodu 2020-2022. tokom pandemije COVID-19 broj novootkrivenih slucaje-
vaje 25/52 (48,1%), od kojih je 1/25 (25,0%) pacijent prelezao COVID-19 infekciju,
1/25 (25,0%) je imao akutnu infekciju, 5/25 (20,0%) je bilo u kontaktu sa obolelim od
COVID-19. Statistickom analizom podataka nismo uo¢ili statisticki znacajnu razliku
u incidenciji T1DM u periodu pre pandemije COVID-19 (2013-2019) u odnosu na
period tokom pandemije COVID-19 (2020-2022) (D02 test: p = 0,782) (grafikon 3).

M 2013-2019 (pre COVID-19)
M 2020-2022 (post COVID-19)

Grafikon 3. Incidencija TIDM pre i tokom pandemije COVID-19

U trenutku postavljanja dijagnoze 13/52 (25%) pacijenata sa novootkrivenim
T1DM je bilo u DKA; 39/52 (75%) pacijenata je bilo u kompenzovanom stanju. U
periodu pre pandemije COVID-19 7/27 (25,9%) dece je bilo u DKA u momentu po-
stavljanja dijagnoze; u periodu tokom pandemije COVID-19 6/25 (24%) dece je bilo
u DKA umomentu postavljanja dijagnoze. Nije primecena statisticki znacajna razlika
kod dece koja su se prezentovala DKA u trenutku postavljanja dijagnoze poredenjem
perioda pre pandemije COVID-19 (2013-2019) i tokom pandemije COVID-19
(2020-2022) (Pearson 0O test; p = 0,873).

Diskusija

Dijabetes melitus (DM) je hroni¢ni poremecaj metabolizma, koji karakterise
hiperglikemija, uzrokovana nedostatkom ili poremecajem delovanja insulina i moze
se podeliti u Cetiri opsSte kategorije: 1. tip 1 dijabetes, 2. tip 2 dijabetes, 3. specifi¢ni
tipovi dijabetesa i 4. gestacijski dijabetes [1].
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Tip 1 dijabetes melitus (T1DM) se obic¢no javlja u periodu detinjstva i adole-
scencije, ali se moze javiti bilo kada tokom Zivota, i nastaje, najéesce, kao posledica
autoimunske destrukciije B ¢elija pankreasa pokrenute delovanjem faktora spoljasnje
sredine, kod genetski predisponiranih osoba. Bolest prolazi kroz etiri faze, koje su
posledica hroni¢ne autoimunske destrukcije B ¢elija pankreasa koja uzrokuje prvo
parcijalni, a potom i potpuni nedostatak insulina, a simptomi ¢e se javiti kada je uni-
Steno skoro 90% [ ¢elija pankreasa. Deca se obi¢no prezentuju klasi¢nim simptomima
T1DM u vidu poliurije, polidipsije, polifagije, gubitka u telesnoj masi, mada prva
manifestacija bolesti mogu biti i simptomi i znaci dijabetesne ketoacidoze u vidu
teSke dehidracije i produbljenog disanja, koje predstavlja po zivot ugrozavajuce stanje
ukoliko se na vreme ne prepozna i ne poc¢ne sa leCenjem [1, 3].

Osim genetskih faktora, faktori spoljasnje sredine (infektivni, nutritivni, he-
mijski i dr.) takode imaju znacajnu ulogu u patogenezi T1DM, odnosno u razvoju
autoimunosti [3]. S obzirom na to da se infekcija virusima (prvenstveno enteroviru-
sima) smatra jednim od najznacajnijih potencijalnih pokretaca bolesti kod genetski
predisponiranih osoba [2], a da je tokom pandemije COVID-19 uocen porast broja
dece sa novootkrivenim T1DM, neki autori smatraju da bi i SARS-CoV-2 na sli¢an
nacin mogao imati potencijala za pokretanje bolesti [4, 5, 6].

Incidencija TIDM je u porastu Sirom sveta globalno, a znacajno varira u za-
visnosti od geografskog regiona, ekonomskog standarda drzave i uzrasta. Uocen je
znacajan porast incidencije T1DM u regionima kao $to su Australija, Severna Amerika
i Evropa, a incidencija je znac¢ajno visa u zemljama sa visokim ekonomskim standar-
dom (7,89/100,000), kao i1 kod dece uzrasta 10—14 godina (18,02/100,000) [2].

Srbija spada u grupu zemalja sa visokom incidencijom (11,82/100,000) [7] i pre-
valencijom (135,25/100,000) [8] TIDM kod dece i adolescenata, gde je takode uoc¢en
porast incidencije TIDM kod dece i adolescenata [7, 9] tokom poslednjih godina.

Tokom pandemije COVID-19 Sirom sveta [10, 11, 12, 13, 14], kao i u Srbiji [15,
16], uocCava se porast incidencije TIDM. Medutim, na osnovu trenutno dostupnih
podataka ne moze se pouzdano tvrditi da li se radi o direktnom (virusom pokrenut
autoimunski odgovor) ili indirektnom (stres, manjak fizicke aktivnosti) uticaju CO-
VID-19 [10, 13, 17, 15-21].

U Opstoj bolnici ,,Dr Laza K. Lazarevi¢” u Sapcu, kojoj gravitiraju deca sa
teritorije Macvanskog okruga, prosec¢na desetogodiSnja incidencija T1DM kod dece
uzrasta 0—19 godina u periodu 2013-2022. je 14,80 na 100.000.

Najvisa incidencija zabelezena je u uzrasnoj grupi 10—14 godina, a najmanja u
uzrasnoj grupi 15—-19 godina, §to je u skladu sa prethodno objavljenim podacima o
incidenciji T1DM na teritoriji Srbije [4].

Nismo uo¢ili statisticki znacajnu razliku u pojavi T1DM kod dece razli¢itog pola,
Sto je takode u skladu sa podacima iz literature, da pol nije jedan od faktora rizika za
nastanak T1DM kod dece [22].
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StatistCkom analizom podataka nije uocCena statisticki znacajna razlika u inci-
denciji T1DM u godinama pre pandemije COVID-19 i tokom pandemije COVID-19,
mada smo uocili da je tokom 2021. i 2022. godine incidencija bila visa u odnosu na
sve prethodne godine.

Najveci broj dece i adolescenata u periodu nakon 2020. godine bio je antigenski
negativan na SARS-CoV-2 (jedno dete je bilo pozitivno), petoro dece je dalo anamne-
sti¢ki podatak o kontaktu sa obolelim od COVID-19, jedan adolescent je prelezao
COVID-19. Medutim, mi nemamo podataka o prisustvu SARS-CoV-2 antitela kod
dece u nasoj populaciji te nismo bili u moguénosti da istrazimo jasnu povezanost inci-
dencije T1DM sa autoimunskim i ne-autoimunskim uticajem SARS-CoV-2 infekcije.

U nasoj populaciji pacijenata u periodu pre pandemije COVID-19 (2013-2019)
u DK A u momentu postavljanja dijagnoze je bilo 25,9% dece, u periodu tokom pande-
mije COVID-19 (2020-2022) u DKA u momentu postavljanja dijagnoze bilo je 24,0%
dece, statistickom analizom nismo uocili statisticki znacajnu razliku u ucestalosti
DKA kod novodijagnostikovane dece u periodu pre pandemije COVID-19 u odnosu
na period tokom pandemije COVID-19 za razliku od podataka koji su dobijeni na
teritoriji Vojvodine [15] 1 Nisa [16].

Zakljucak

Na osnovu podataka dobijenih nasim istrazivanjem mozemo uociti da je CO-
VID-19 pandemija imala izvesnog uticaja na pojavu T1DM kod dece. lako mi nismo
bili u moguénosti da u potpunosti ispitamo direktan uticaj virusa Sars-Cov-2, misljenja
smo da je tokom pandemije COVID-19 izloZenost dece stresu, izolacija i smanjena
fizicka aktivnost, koji su poznati faktori rizika za nastanak T1DM, imali ve¢i uticaj
nego sam Sars-Cov-2 virus kao pokreta¢ imunskog odgovora kod dece.
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Abstract: Introduction and Objectives: Over the past few years, a
surge in the incidence of Type 1 Diabetes Mellitus (T1DM) has been
observed worldwide, especially during the COVID-19 pandemic.
The aim of our research is to shed light on the incidence of Type 1
Diabetes Mellitus in children and adolescents at General Hospital “Dr.
Laza K. Lazarevi¢” in Sabac, as well as the impact of the COVID-19
pandemic. Methodology: General Hospital “Dr. Laza K. Lazarevi¢”
in Sabac serves a population of 35,141 children aged 0-19 years
from the Macva District territory. Data were collected through a
retrospective analysis of electronic medical records of children and
adolescents diagnosed with T1DM at General Hospital “Dr. Laza K.
Lazarevié¢” in Sabac from January 2013 to December 2022. Results:
Throughout this ten-year period, the average incidence of Type 1
Diabetes Mellitus in children under 19 was 14.80 per 100,000, with
the highest incidence found in the group aged 10—14 years and the
lowest incidence found in the group aged 15-19 years. During the
years of the COVID-19 pandemic, a slightly higher incidence was
recorded compared to the years before the pandemic, although the
difference was not statistically significant. Conclusion: Based on the
data from our study, it is clear that the COVID-19 pandemic has had
some impact on the occurrence of Type 1 Diabetes Mellitus in chil-
dren, as it is associated with a higher incidence of TIDM compared
to the years preceding the COVID-19 pandemic.
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Introduction

Type 1 diabetes mellitus (TIDM) is the result of the interaction of genetic,
environmental, and immunological factors, which ultimately lead to the destruction
of pancreatic beta cells and subsequent insulin deficiency. It represents the most
common type of diabetes occurring in children and adolescents. Due to infection or
exposure to external stimuli, an autoimmune process is initiated, causing a reduction
in the mass of beta cells, and insulin secretion becomes disturbed. It is believed that
in these affected individuals, insulin deficiency develops over months and/or years,
making them more susceptible to the development of ketoacidosis [1]. The incidence
of T1IDM worldwide is increasing at the rate of 3—4% annually for unclear reasons,
particularly during the COVID-19 pandemic [2].

The aim of our research is to present the incidence of T1DM in General Hospital
“Dr Laza K. Lazarevi¢” in Sabac and explore the impact of the COVID-19 pandemic.

Methodology

Data were collected through a retrospective analysis of electronic medical
records of children and adolescents diagnosed with T1DM at General Hospital “Dr
Laza K. Lazarevi¢” in Sabac from January 2013 to December 2022. Diagnoses
were made based on the guidelines from the International Society for Pediatric
and Adolescent Diabetes (ISPAD) [3]. All children and adolescents were then
referred to tertiary healthcare institutions — either the Mother and Child Health
Care Institute “Dr Vukan Cupi¢” in Belgrade (IMD) or the University Children’s
Hospital in Belgrade (UDK) — where the diagnosis was confirmed. The set of
the analyzed data consists of the patients’ sex, age at the time of diagnosis, date
of diagnosis, presence of diabetic ketoacidosis (DKA), and for patients diagnosed
after 2020, any evidence of the presence of acute COVID-19 infections with the
COVID-19 virus based on SARS-CoV-2 Rapid Antigen Test and on the history
of prior infection or contact with COVID-19 patients. The presence of DKA at
the time of diagnosis was determined based on blood glucose levels > 11 mmol/L
(200mg/dL) coupled with a venous pH < 7.3, or bicarbonate levels < 15 mmol/L,
alongside the presence of ketonemia or ketonuria. Patients were divided into five
age groups: 0—4 years, 5-9 years, 10—14 years, and 15-19 years. General Hospital
“Dr. Laza K. Lazarevi¢” in Sabac serves the children from Maéva District territory,
including municipalities of Sabac, Koceljeva, Vladimirci, and Bogati¢. According
to the 2011 National Census, there were 35,141 children aged 0-19 in this terri-
tory: 23,360 in the Sabac municipality; 2,567 in Koceljeva; 3,298 in Vladimirci;
and 5,916 in Bogati¢. These figures were used to calculate the incidence of TIDM
from January 2013 to December 2022.
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Statistics

The statistical analysis used both descriptive and analytical statistical methods.
All statistical analyses were performed using the SPSS software package, version 23.
Significance was defined as for the level p < 0.05. The results are presented in both
tabular and graphic formats.

The Ethics Committee of General Hospital “Dr Laza K. Lazarevi¢” in Sabac
granted approval for the research to be conducted.

Results

During this ten-year period, 52 patients aged 0—19 were identified with newly
diagnosed Type 1 Diabetes Mellitus (T1DM), with an average ten-year incidence rate
of 14.80 per 100,000 (Figure 1, Table 1).
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Figure 1. TIDM Incidence in the Macva District, in the period 2013-2022

Tablel. TIDM Incidence by Municipality in the Macva District

2013 (2014 |2015 |2016 |2017 (2018 (2019 |2020 |2021 |2022 |Total

Municipality | humber |3 1 2 5 R 3B 4 6 9 38
Sabac incidence [12.84 [4.28 [8.56 [21.408.56 [12.84[12.84 [17.12 [25.68 [38.53 |162.67

Municipality | humber |0 0 1 0o |2 0o |0 1 1 1 6

Koceljeva | jncidence [0 |0 3896 [0 [77.91)0 o 38.96 |38.96 [38.96 [233.74
Municipality | humber |0 1 1 1 o o o 1 0 1 5
Vladimirci | jncidence [0 30.32 [30.32 303210 o o 30.32 [0 30.32 |151.61




46

MEDICINSKI GLASNIK / str. 43-52

2013 (2014 2015 |2016 [2017 2018 2019 [2020 [2021 [2022 [Total
Municipality number [0 0 0 0 1 0 1 0 1 0 3

Bogati¢ incidence [0 [0 0 o |1690)0 [1690 [0  [1690 o  |50.71

Madva number 3 |2 4 6 |5 B kB b 8 11 52

District incidence [8.54 [5.69 [11.38 [17.07 [14.23 [8.54 [11.38 |17.07 [22.7 [31.30 [147.98 (14.80%)

* Average ten-year T1DM incidence per 100,000

Of the total 52 patients, 29 were male (55.8%), and 23 were female (44.2%)
(Table 2). Statistical analysis of the data did not reveal a statistically significant
difference in the occurrence of T1DM based on gender (02 test; p =0.539).

Table 2. T1IDM Incidence in children of different sex

Sex Male Female Total p
Number 29 23 52

% 55.8% 44.2 100 0.539
Population 18,332 16,809 35,141

Average incidence | 15.82 13.86 14.80

The highest incidence was observed in the age group of 10—14 years, while the
lowest was observed in the age group of 15-19 years (Table 3).

Table 3. TIDM incidence in children by age groups in Macva District in the period

2013-2022
Age group 0—4 years 5-9 years 10-14 years 15-19 years
Number 9 16 20 7
% 17.3 30.8 38.5 13.5
Population 7,714 8,858 8,620 9,949
Average incidence | 11.67 18.06 23.20 7.03

The number of newly diagnosed cases for each month of the year exhibited
a seasonal distribution, with the lowest incidence occurring from June to October

(Figure 2).
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Figure 2. Sesonal distribution of TIDM in children aged 0—19 years

In the period between 2020 and 2022, during the COVID-19 pandemic, the
number of newly diagnosed cases was 25/52 (48.1%). Of these, 1 out of 25 patients
(4.0%) had recovered from a COVID-19 infection, while 1 out of 25 patients (4.0%)
had an acute infection, and 5 out of 25 patients (20.0%) had been in contact with
someone who had COVID-19.

Statistical analysis revealed no significant difference in the incidence of TIDM
before the COVID-19 pandemic (2013-2019) and during the pandemic (2020-2022)

(chi-squared test: p=0.782) (Figure 3).
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Figure 3. TIDM incidence before and during the COVID-19 pandemic
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At the time of diagnosis, 13 out of 52 (25%) patients with newly diagnosed T1DM
were in diabetic ketoacidosis (DKA); 39 out of 52 (75%) were in a compensated state.
Before the COVID-19 pandemic, 7 out of 27 (25.9%) children were in DKA at the
time of diagnosis; during the COVID-19 pandemic, 6 out of 25 (24%) patients were in
DKA at the time of diagnosis. No statistically significant difference was observed in
the proportion of children presenting in DK A at the time of diagnosis when comparing
the periods before the COVID-19 pandemic (2013-2019) and during the COVID-19
pandemic (2020-2022) (Pearson 02 test; p=0.873).

Discussion

Diabetes mellitus (DM) is a chronic metabolic disorder characterized by hyper-
glycemia, caused by a deficiency or dysfunction of insulin. It can be divided into
four general categories: 1. Type 1 Diabetes, 2. Type 2 diabetes, 3. Specific Types of
Diabetes, and 4. Gestational Diabetes [1].

Type 1 diabetes mellitus (T1DM) typically occurs during childhood and ado-
lescence, but it can also develop at any point in life. It most commonly results from
autoimmune destruction of the pancreatic B-cells triggered by environmental factors
in genetically predisposed individuals. The disease progresses through four stages,
driven by chronic autoimmune destruction of the B-cells in the pancreas, leading first
to partial and then complete insulin deficiency. Symptoms manifest when almost
90% of the pancreatic p-cells are destroyed. Children typically present with classic
symptoms of T1DM, including polyuria, polydipsia, polyphagia, and weight loss,
although the first manifestation of the disease can also be symptoms and signs of
diabetic ketoacidosis in the form of severe dehydration and deep, labored breathing.
Diabetic ketoacidosis is a life-threatening condition that requires timely recognition
and initiation of treatment [1, 3].

In addition to genetic factors, environmental factors (infectious, nutritional,
chemical, etc.) also play an important role in the pathogenesis of T1DM, specifically
in the development of autoimmunity [3]. Given that viral infections (primarily entero-
viruses) are considered one of the most significant potential triggers for the disease in
genetically predisposed individuals [2], and considering the observed increase in the
number of children with newly diagnosed T1DM during the COVID-19 pandemic,
some authors believe that SARS-CoV-2 could in a similar manner have the potential
to trigger the disease [4, 5, 6].

The incidence of Type 1 Diabetes Mellitus (T1DM) is globally on the rise
worldwide, but the rates vary significantly depending on geographic region, the
country’s economic standard, and age. A significant increase in the incidence of
T1DM has been observed in some regions such as Australia, North America, and
Europe, and the incidence is significantly higher in countries with a high economic



THE IMPACT OF THE COVID-19 PANDEMIC ON THE INCIDENCE OF TYPE 1 DIABETES MELLITUS ...49

standard (7.89/100,000), as well as in children aged 10—14 years (18.02/100,000)
[2].

Serbia belongs to the group of countries with a high incidence (11.82/100,000) [7]
and prevalence (135.25/100,000) [8] of TIDM in children and adolescents. Moreover,
there has been a noticeable rise in the TIDM incidence in children and adolescents
[7, 9] in recent years.

During the COVID-19 pandemic, an increase in the incidence of TIDM has
been observed globally [10, 11, 12, 13, 14], as well as in Serbia [15, 16]. However,
based on currently available data, it is inconclusive whether this is due to a direct
(virus-triggered autoimmune response) or indirect (stress, lack of physical activity)
impact of COVID-19 [10,13, 17, 15-21].

In General Hospital “Dr Laza K. Lazarevi¢” in Sabac, which serves the children
from the Macva District, the average ten-year incidence of TIDM in children aged
0-19 years is at 14.80 per 100,000 for the period 2013-2022.

The highest incidence was recorded in the age group of 10—14 years, and the lowest
in the age group of 15-19 years, which is consistent with previously published data on
the incidence of TIDM in Serbia [4]. No statistically significant difference was observed
between sexes in the incidence of T1DM in children, which is also consistent with existing
literature, stating that sex is not a risk factor for the onset of T1DM in children [22].

Statistical analysis of the data did not reveal a statistically significant difference
in the incidence of TIDM in the years before and during the COVID-19 pandemic,
although we did notice that the incidence was higher in 2021 and 2022 compared to
all previous years.

In the period after 2020, the majority of children and adolescents were antigen-ne-
gative for SARS-CoV-2 (only one child tested positive), five children had a history of
contact with COVID-19 patients, and one adolescent had recovered from COVID-19.
However, we do not have data on the presence of SARS-CoV-2 antibodies in our patient
population; therefore, we were unable to investigate any clear linkage between T1DM
incidence and the autoimmune or non-autoimmune effects of SARS-CoV-2 infection.
In our patient population, 25.9% of children were in DKA at the time of diagnosis in the
period prior to the COVID-19 pandemic (2013-2019), while 24.0% of children were
in DKA at the time of diagnosis during the pandemic (2020-2022). Statistical analysis
showed no statistically significant difference in the frequency of DKA in newly dia-
gnosed children in the period before the COVID-19 pandemic compared to the period
during the pandemic, unlike data obtained in the Vojvodina [15] and Ni§ [16] regions.

Conclusion

Based on the data from our research, we can conclude that the COVID-19
pandemic has, in fact, had a certain impact on the occurrence of T1DM in children.
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Although we were unable to fully examine the direct impact of the Sars-Cov-2 virus,
we believe that the exposure of children to stress, isolation, and reduced physical
activity during the COVID-19 pandemic —which are known risk factors for T1DM
— have had a greater impact than the Sars-Cov-2 virus itself as a trigger for the im-
mune response in children.

References

1.  American Diabetes Association Professional Practice Committee; 2. Classification and
Diagnosis of Diabetes: Standards of Medical Care in Diabetes—2022. Diabetes Care 1
January 2022; 45 (Supplement_1): S17-S38. https://doi.org/10.2337/dc22-S002

2. GomberA, Ward ZJ, Ross C, Owais M, Mita C, Yeh JM, Reddy CL, Atun R. Variation in the
incidence of type 1 diabetes mellitus in children and adolescents by world region and country
income group: A scoping review. PLOS Glob Public Health. 2022 Nov 9;2(11):e0001099.
doi: 10.1371/journal.pgph.0001099. PMID: 36962669; PMCID: PMC10021400.

3. Mayer-Davis EJ, Kahkoska AR, Jefferies C, Dabelea D, Balde N, Gong CX, et al. ISPAD
clinical practice consensus guidelines 2018: definition, epidemiology, and classification
of diabetes in children and adolescents. Pediatr Diabetes. 2018;19(Suppl 27):7-19.

4.  Catriona C, Paolo P. SARS-CoV-2 induced post-translational protein modificati-
ons: A trigger for developing autoimmune diabetes? Diabetes Metab Res Rev. 2022
Jan;38(1):e3508. doi: 10.1002/dmrr.3508. PMID: 34990520; PMCID: PMC9015335.

5. Miiller JA, et al. SARS-CoV-2 infects and replicates in cells of the human endocrine
and exocrine pancreas. Nat. Metab. 2021 doi: 10.1038/s42255-021-00347-1. [PubMed]
[CrossRef] [Google Scholar]

6.  Wu CT, Lidsky PV, Xiao Y, Lee IT, Cheng R, Nakayama T, Jiang S, Demeter J, Beva-
cqua RJ, Chang CA, Whitener RL, Stalder AK, Zhu B, Chen H, Goltsev Y, Tzankov A,
Nayak JV, Nolan GP, Matter MS, Andino R, Jackson PK. SARS-CoV-2 infects human
pancreatic B cells and elicits B cell impairment. Cell Metab. 2021 Aug 3;33(8):1565-1576.
e5. doi: 10.1016/j.cmet.2021.05.013. Epub 2021 May 18. PMID: 34081912; PMCID:
PMC8130512.

7. Vukovic R, Jesic MD, Vorgucin I, Stankovic S, Folic N, Milenkovic T, Sajic S, Katanic
D, Zivic S, Markovic S, Soldatovic I. First report on the nationwide incidence of type
1 diabetes and ketoacidosis at onset in children in Serbia: a multicenter study. Eur J
Pediatr. 2018 Aug;177(8):1155-1162. doi: 10.1007/s00431-018-3172-4. Epub 2018 May
17. PMID: 29774417.

8. Stankovic S, Vukovic R, Vorgucin I, Zdravkovic V, Folic N, Zivic S, Ignjatovic A, Rancic N,
Milenkovic T, Todorovic S, Mitrovic K, Jesic M, Sajic S, Bojic V, Katanic D, Dautovic S,
Cvetkovic V, Saranac L, Markovic S, Tucakovic T, Lesovic S, Ljubojevic M, Ilic T, Vrebalov
M, Mikic M, Jelenkovic B, Petrovic R, Saric S, Simi¢ D, Cukanovic M, Stankovic M. First
report on the nationwide prevalence of paediatric type 1 diabetes in Serbia and temporal
trends of diabetes ketoacidosis at diagnosis-a multicentre study. J Pediatr Endocrinol Metab.
2020 Nov 19;34(2):225-229. doi: 10.1515/jpem-2020-0405. PMID: 33544544,




THE IMPACT OF THE COVID-19 PANDEMIC ON THE INCIDENCE OF TYPE 1 DIABETES MELLITUS ...51

10.

I1.

12.

13.

14.

15.

16.

17.

18.

Vojislav C, Natasa R, Milica P, Slobodan A, Radivoj K, Danijela R, Sasa R. Incidence
trend of type 1 diabetes mellitus in Serbia. BMC Endocr Disord. 2020 Mar 9;20(1):34.
doi: 10.1186/s12902-020-0504-y. PMID: 32151244; PMCID: PMC7063701.

Barrett CE, Koyama AK, Alvarez P, Chow W, Lundeen EA, Perrine CG, Pavkov ME,
Rolka DB, Wiltz JL, Bull-Otterson L, Gray S, Boehmer TK, Gundlapalli AV, Siegel
DA, Kompaniyets L, Goodman AB, Mahon BE, Tauxe RV, Remley K, Saydah S. Risk
for Newly Diagnosed Diabetes >30 Days After SARS-CoV-2 Infection Among Persons
Aged <18 Years - United States, March 1, 2020-June 28, 2021. MMWR Morb Mortal
Wkly Rep. 2022 Jan 14;71(2):59-65. doi: 10.15585/mmwr.mm7102¢2. PMID: 35025851;
PMCID: PMC8757617.

Kamrath C, Rosenbauer J, Eckert AJ, Siedler K, Bartelt H, Klose D, Sindichakis M,
Herrlinger S, Lahn V, Holl RW. Incidence of Type 1 Diabetes in Children and Adolescents
During the COVID-19 Pandemic in Germany: Results From the DPV Registry. Diabetes
Care. 2022 Aug 1;45(8):1762-1771. doi: 10.2337/dc21-0969. PMID: 35043145.
Passanisi S, Salzano G, Aloe M, Bombaci B, Citriniti F, De Berardinis F, De Marco R,
Lazzaro N, Lia MC, Lia R, Mammi F, Stamati FA, Toscano RMR, Ventrici C, Iafusco
D, Lombardo F. Increasing trend of type 1 diabetes incidence in the pediatric population
of the Calabria region in 2019-2021. Ital J Pediatr. 2022 May 4;48(1):66. doi: 10.1186/
$13052-022-01264-z. PMID: 35509062; PMCID: PMC9066995.

Unsworth R, Wallace S, Oliver NS et al (2020) New-onset type | diabetes in children
during COVID-19: multicenter regional findings in the U.K. Diabetes Care 43(11):e170—
el71. https://doi.org/10.2337/dc20-1551

van den Boom L, Kostev K, Kuss O, Rathmann W, Rosenbauer J. Type 1 diabetes inci-
dence in children and adolescents during the COVID-19 pandemic in Germany. Diabetes
Res Clin Pract. 2022 Nov;193:110146. doi: 10.1016/j.diabres.2022.110146. Epub 2022
Nov 5. PMID: 36347421; PMCID: PMC9637016.

Vorguéin, I.; Savin, M.; Stankovi¢, .; Miljkovi¢, D.; 1li¢, T.; Simi¢, D.; Vrebalov, M.;
Milanovi¢, B.; Barisi¢, N.; Stojanovié, V.; et al. Incidence of Type 1 Diabetes Mellitus
and Characteristics of Diabetic Ketoacidosis in Children and Adolescents during the
First Two Years of the COVID-19 Pandemic in Vojvodina. Medicina 2022, 58, 1013.
https://doi.org/10.3390/medicina58081013.

Stankovi¢ S, Goci¢ Z, Golubovi¢ M, Stojkovi¢ M, Miljkovi¢ D, Staji¢ S, et al. Uticaj
pandemije virusa COVID-19 na ucestalost i klinicku prezentaciju dijabetesa tipa 1 kod
dece i adolescenata - iskustvo jednog centra. Acta medica Medianae. 2022;61(1):48-53.
doi: 10.5633/amm.2022.0107

Herczeg V, Luczay A, Ténai N, Czine G, Téth-Heyn P. Anti-SARS-CoV-2 Seropositivity
Among Children With Newly Diagnosed Type 1 Diabetes Mellitus: A Case-Control
Study. Indian Pediatr. 2022 Oct 15;59(10):809-810. doi: 10.1007/s13312-022-2626-y.
Epub 2022 Aug 26. PMID: 36036189; PMCID: PM(C9632584.

Weiss A, Donnachie E, Beyerlein A, Ziegler AG, Bonifacio E. Type 1 Diabetes Incidence
and Risk in Children With a Diagnosis of COVID-19. JAMA. 2023 May 22:¢238674.
doi: 10.1001/jama.2023.8674. Epub ahead of print. PMID: 37213115; PMCID:
PMC10203966.




52

MEDICINSKI GLASNIK / str. 43-52

19.

20.

21.

22.

Salmi H, Heinonen S, Héstbacka J, Ladperi M, Rautiainen P, Miettinen PJ, Vapalahti
O, Hepojoki J, Knip M. New-onset type 1 diabetes in Finnish children during the CO-
VID-19 pandemic. Arch Dis Child. 2022 Feb;107(2):180-185. doi: 10.1136/archdischi-
1d-2020-321220. Epub 2021 May 27. PMID: 34045208; PMCID: PMC8172262.

Ata A, Jalilova A, Kirkgoz T, et al. Does COVID-19 predispose patients to type 1 diabe-
tes mellitus? Clin Pediatr Endocrinol. 2022;31(1):33-37. doi: 10.1297/cpe.2021-0050.
[PMC free article] [PubMed] [CrossRef] [Google Scholar]

Jia X, Gesualdo P, Geno Rasmussen C, et al. Prevalence of SARS-CoV-2 antibodies in
children and adults with type 1 diabetes. Diabetes Technol Ther. 2021;23(7):517-521.
doi: 10.1089/dia.2020.0609. [PMC free article] [PubMed] [CrossRef] [Google Scholar]
Patterson C, Guariguata L, Dahlquist G, Soltész G, Ogle G, Silink M. Diabetes in the yo-
ung - a global view and worldwide estimates of numbers of children with type 1 diabetes.
Diabetes Res Clin Pract. 2014 Feb;103(2):161-75. doi: 10.1016/j.diabres.2013.11.005.
Epub 2013 Dec 1. PMID: 24331235.

Conflicts of Interest: The authors declare no conflict of interest.



