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CaxeTak

Ownjabetec menutyc TvMn 1 je jegHa o HajuYewhux XpoHWYHUX Bonectun
ca MOoYEeTKOM Y AETUHCTBY, YMja je MHUMAeHUMja y nopacTy nocrnenmunx
JeleHunja, a Ta4yHu y3poLm joLl YBEK HUCY Y MOTMYHOCTM No3HaTu. Ynory
y pa3Bojy 6onectu Mory nmatu aktopu crnosballke cpeanHe 1 nsnara-
e oapeheHnM BMpycMMa TOKOM MpeHaTanHor v nocTHatanHor nepuo-
na. Beha nopohajHa texuHa, nsHag 3,5 kg, nosesaHa je ca nosehaHum
pu13nKoM 3a pasBoj AunjabeTeca Tuna 1, AOK A0jeHe MOXe MmaTu orpaHu-
YeH 3alTUTHU edekaT. HaBuke poguTerba U Ha4nH UCXpaHe AeTeTa Ba-
XKHW Cy 3a NpaBunaH pa3Boj UMYHCKOr cCUCTeMa, Npu Yemy 3[paBa LipeBHa
dropa urpa 3HayajHy yrory, a keHa HeypaBHOTEXEHOCT NoBe3aHa je ca
HEKONMKO ayToMMyHUX GornecTu, ykrbydyjyhm gujabetec tun 1. MNosesa-
HOCT nsmehy obpasoBara poguTerba 1 puauka 3a avjabetec Tuna 1 Huje
y MOTNYHOCTM jacHa 1 MOXe BapupaTtu Y 3aBUCHOCTU Of COLIMO-EKOHOM-
CKUX, KyNTYPHUX M apyrux daktopa. Pesyntatu o yTuuajy nepuHatanHor
cTpeca Ha pasBoj MMYHCKOr cuctema geteta Hucy gocnegHu. TEDDY
cTyavja je mAocTa gonpuHena pasymeBamy akTopa pu3nka 3a avjabe-
Tec Tun 1, ykasyjyhu Ha notpeby 3a farbum UCTPaXMBaH-EM FreHeTCke 1
ekoroLuke BapujabunHoctn 6onecTtn kako 6u ce passune ogroapajyhe
MeToAe npeBeHuuje.

KrbyuHe peum: reHeTvKa, BUPYCU, UCXpaHa, BUTaMuH [

YBopg

Ovjabetec menutyc Tvn 1 npeactaerba jedHy of Hajye-
WAKX XPOHWYHMX OonecTn ca MNOYETKOM Yy OAETUHCTBY
[1]. Oeua koja nmajy obomnenor cpogHuka uMmajy Aecet
nyTa Behu pusuk 3a pa3eoj anjabeteca Tnna 1y nopehewy
ca onwToM nonynauunjoM. Bepyje ce na ogpeheHu anenm
XJ1A (XymaHW NeyKOUMTHU aHTUreHWN) urpajy ynory y npe-
ancnosvumju 3a oy 6onect, mefytum, mawe of 10% oco-
6a ca ocetmbmBowhy Ha ogpeheHe XJ1A anene 3anpaBo
pa3sBuje anjabetec Tuna 1 [2]. Pusmk 3a pa3eoj anjabeteca
Tvna 1 noBehaH je Kof geue 4vju cy poauTtersu nnv 6paha
n cectpe obonenu og oBe 6onecTu, Npu Yyemy je sehu pu-

Abstract

Type 1 Diabetes mellitus is one of the most common chronic diseases
with a typical onset in childhood. The incidence of this disease has been
increasing in recent decades, however, the exact causes are not yet fully
understood. Environmental factors and exposure to certain viruses during
the prenatal and postnatal periods may play a role in the development
of the disease. Higher birth weight, above 3.5 kg, is associated with an
increased risk of developing Type 1 Diabetes, while breastfeeding may
have a limited protective effect. Parental habits and the child’s dietary
habits are important for the proper development of the immune system,
with a healthy intestinal flora playing a significant role, and its imbalance
is associated with several autoimmune diseases, including Type 1 Diabe-
tes. The relationship between parental education and the risk of Type 1
Diabetes is not entirely clear and may vary depending on socioeconomic,
cultural and other factors. Results on the effects of perinatal stress on the
development of the child’s immune system are inconsistent. The TEDDY
study has contributed significantly to the understanding of risk factors for
the Type 1 Diabetes development, indicating the need for further research
into the genetic and environmental variability of the disease in order to
develop appropriate prevention methods.

Keywords: genetics, viruses, nutrition, vitamin D

Introduction

Type 1 Diabetes mellitus is one of the most common chron-
ic diseases with a typical onset in childhood [1]. Children
who have a family member with the disease have a tenfold
increased risk of developing Type 1 Diabetes compared
to the general population. Certain HLA (human leukocyte
antigen) alleles are believed to play a role in predispos-
ing to the disease, however, Type 1 Diabetes is actually
developed in less than 10% of people with susceptibility
to certain HLA alleles [2]. The risk of developing Type 1
Diabetes is increased in children whose parents or siblings
have the disease, with a higher risk observed in offspring
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31Kk NnpuMeheH kog notoMaka o4eBa y nopehemy ca noTom-
unma majkn. Kog MOHO3UroTHUX bnusaHaua, pysuk je 3Ha-
YyajHo nosehaH. Ctyauja TEDDY je aHanusupana ytuuaj
crnorbalhux haktopa Ha pa3eoj gvjabeTeca kog mMnagux
n3 Cjegurwennx Amepudknx Opxasa, Leeacke, Hemauke
n ®uHcke. OBa cTyauja HMje younna 3HayajHy noBesaHoCT
namehy npucyctea gujabeteca tuna 1 ko pohaka npsor
cTeneHa n pasBoja avjabeteca tuna 1 koa geue. Mehy-
TMM, npumeheH je noBehaH pusuk o hopmuparsa aHTuTe-
na npoTmB naHkpeacHux octpeaua [3]. Ctyauja BABYDIAB
je ucTpaxmBadku npojekar koju ce 6aBMO MpoyvaBaH-eM
hakTopa pu3mka 1 pa3eoja gujabeteca Tuna 1 kog Aee.
OBa cTyguja je cnpoBedeHa y Hemaukoj n npukynrbana
je nopatke og 1989. go 2000. roguHe 3a 1650 geue of
HMXOBOI pohera, unju cy poguTersu 6unm obonenu of
Avjabeteca Tvna 1. BehuHa nopoauvua je 6una esponckor
nopekna. ToKOM 3akaszaHUX NoceTa, CBa Aela Cy peoBHO
TecTMpaHa Ha ayToaHTUTena ycMepeHa npoTuB UHCYMNUHA
(IAA), pekapbokcunase rnytamuHcke kucenumHe (GAD),
npoTerHa 2 noeesaH ca MHcynuHoM (IA-2) n TpaHcnopTep
umHka 8 (ZnT8). eua koja cy buna no3MT1BHA Ha OBa ay-
TOoaHTMTena Ao4aTHO Cy TeCTUpaHa CBakuX LUECT MeceLMm.
OBa cTyavja je ponpuHena 6orbeM padymeBawy akTopa
pu3uka 1 pa3Boja avjabeTteca Tuna 1 Kof Aele ca Hacnea-
HoM npegncnoaunumjom [1].

MHumpeHunja anjabeteca tuna 1 je y nopacty nocneg-
HUX OeLeHnja, nako TadHu pasnosn 3a 0Baj NoOpacT HUCY
y noTnyHoctu nosHatu [1]. Hekn uctpaxusaun cyrepuiuy
0a dakTtopu crorballke cpeauHe n usnarake ogpehe-
HUM BMpYCMMa MOTFy UrpaTu ynory y passojy ose 6onectu
[3]. Y 2022. roamHun, nHumnaeHumja gujabeteca tmna 1 kog
deue yspacta og 0 go 14 roguHa y Cpbuju usHocuna je
17,5/100.000 cTtaHoBHMKa. Bonect ce peTKo jaBrba Koa
Jeue mnahe oa 12 rognHa, ok Jok ce y y3pacty o 10 oo
14 rogmHa Genexu HajBMLa cTona HOBUX CryvajeBa auja-
berteca tmna 1 [4]. Ocobe koje obone og anjabeteca y pa-
HOM [ETMHCTBY YECTO MCMOSbaBajy U3PaXXeHUje CUMMTOME
6onectu [2]. Nako nojeanHe ocobe HeeBponCcKor nopekna
UMajy HWXe anconyTHe cTone uHuuaeHumje Anjabeteca
TMna 1, TpeHZoBU y TUM rpynama nokasyjy cnmyHe obpa-
cLe Kao W'y LernoKynHoj nonynauujy, WTo yka3yje Ha 3aHu-
MIbuBE BUOoBe y envaemuonormjun 6onectu [3].

YTuuaj cpaktopa cnosbalikbe cpeavHe Ha pa3Boj Au-
jabeteca Tuna 1 TOKOM NMpeHaTasiHOr U NocTHaTasiHor
nepuopa

Ekonowikn caktopy umajy 3HadajHy yrory y pasBojy Au-
jabeteca TMna 1, anu je TELUKO jacHO pa3gBOjUTU HNXOBE
nojeguvHayHe ytuuaje 360r cnoxeHe nHTepakuuje namehy
reHeTcKke npegucnosvumje n paktopa u3 crnosballke cpe-
OunHe [5]. HeonxogHo je cnpoBecTu AeTarbHuja UCTpaxu-

of fathers compared to offspring of mothers. In monozy-
gotic twins, the risk is significantly increased. The TEDDY
study analyzed the impact of environmental factors on the
development of diabetes in the young of the United States,
Sweden, Germany and Finland. This study found no sig-
nificant correlation between the prevalence of Type 1 Dia-
betes among first-degree relatives and the development of
Type 1 Diabetes in children. However, an increased risk of
forming pancreatic islet-cell antibodies was observed [3].
The BABYDIAB study is a research project that investigat-
ed risk factors and the development of Type 1 Diabetes in
children. This study was conducted in Germany and col-
lected data from 1989 to 2000 observing 1650 children of
parents with Type 1 Diabetes since their birth. The majority
of the families were of European origin. During scheduled
visits, all children were regularly tested for autoantibodies
against insulin (IAA), glutamic acid decarboxylase (GAD),
insulinoma-associated protein 2 (IA-2) and zinc transporter
8 (ZnT8). Children who tested positive for these autoan-
tibodies were further tested every six months. This study
contributed to a better understanding of risk factors and the
development of Type 1 Diabetes in children with a heredi-
tary predisposition [1].

The incidence of Type 1 Diabetes has been increasing
in recent decades, although the exact reasons for this
increase are not fully understood [1]. Some researchers
suggest that environmental factors and exposure to certain
viruses may play a role in the development of the disease
[3]. In 2022, the incidence of Type 1 Diabetes in children
aged 0-14 years in Serbia was 17.5/100,000 per capita.
The disease rarely occurs in children under the age of 12,
while the highest rate of new cases of Type 1 Diabetes is
recorded in the 10—14 age group [1]. People who develop
diabetes in early childhood often show more pronounced
symptoms of the disease [2]. Although absolute incidence
rates of Type 1 Diabetes are generally lower in popula-
tions of non-European descent, the trends in these groups
show similar patterns compared to the overall population,
which suggests interesting aspects in the epidemiology of
the disease [3].

Environmental factors in Type 1 Diabetes development
during the prenatal and postnatal periods

Environmental factors play a significant role in the devel-
opment of Type 1 Diabetes, however, it is difficult to clear-
ly separate their individual influences due to the complex
interaction between genetic predisposition and environ-
mental factors [5]. It is necessary to conduct more detailed
research into the mechanisms linking exposure to environ-
mental factors during the prenatal and early postnatal peri-
ods with the development of Type 1 Diabetes [3].
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Batba MexaHu3ama Koju noBesyjy U3NoXeHOCT hakTopuma
crnorballke cpeguHe TOKOM MpeHaTanHor 1 paHor NocTHa-
TanHor nepuoga ca passojeM auvjabeteca Tvna 1 [3].

Ynora poguterba 1 Aojewa y npeBeHUMju anjaberteca
T™n 1

AHanusa nogataka u3 ABe cTyauje cnposegeHe y Hopse-
wkoj n JaHckoj omoryhuna je gybrbu yBua y Besy nsme-
Ry dakTopa pusunka, NonyT NpeKoMepHe TenecHe TexXnHe
poauTersa npe TpygHohe, ca pa3eojeM AujabeTteca Tmna
1 ko4 peue [2]. Y Hemaukoj ctyamju MIDIA, npoyyaBsaH je
yTuuaj nHaekca tenecHe mace (BMI) npe tpygHohe u no-
Behara TenecHe TEXMHE TOKOM TpygHONe Ha pu3uK of ay-
TOMMYyHe peakuuje Ha B-henuje naHkpeaca koa 885 fele.
Mehy wunma, kog, 36 geue je ooWo Ao CcTBapawa aHTuTe-
na Ha ocTpBLa NaHKkpeaca, Aok je kog 10 geue avjarHocTu-
KoBaH gunjabetec Tuna 1. Bucok BMI npe TpyaHohe 1 nose-
hawe TenecHe TexuHe 15 kg unu Buwe TokoM TpygHohe
npencTaBrbajy akTtope pusvka 3a pasBoj o4 ayTOUMyHe
peakuuje Ha naHkpeac kog gele [1]. Takohe, ncxpaHa maj-
Ke TOKOM TpyAHONhe n nakTtaumje Moxe uMmaTtu ytuuaj Ha
0Baj pu3uk [1]. Y Hekonuko cTyauja, nylweHe TOKOM Tpya-
Hohe Kao (hakTop pu3nka nokasyje HewwTo Maru PU3NK 3a
aunjabetec Tuna 1 kog aeue. Meta-aHann3om je notepheHo
0a je ctapocT Majke npu nopofhajy nosesaHa ca noseha-
HUM puU3nkoM 3a aunjabeTec Tuna 1 Ko HEHUX MOTOMaka.
Crtyanja BABYDIAB je oTkpuna ga nopohaj uapckvm pe-
3om noeehaBa pu3uk 3a gujabetec Tmna 1 kop Ageue ca
ocetrbmBuM IFIH1 reHoTunom, OOK je HopBeluka cTyauja
nokasana nose3aHocT ca PTPN22 reHnma n noBehaHum
pu3MKom 3a aujabetec Kod geue Koja cy poheHa npupog-
HuMm nyTem [3]. AyTtopu cTyauje cnposefeHe y VpaHy cy
Takohe npoHaLunm nosesaHocT uamehy nopohaja Lapckmm
pes3om U1 p13uKa 3a pa3Boj Aujabereca Tuna 1. Y HUXOBOM
NCTpaXMBaky NocTojana je U CTaTUCTUYKM 3HayajHa no-
Be3aHOCT n3mehy rectaumjcke xunepteHsuje (OR = 5,27),
Kao 1 ypuHapHe nHdekumnje majke TOKoM TpyaHohe ca pa-
3BojeM anjaberteca Tuna 2 [6].

MocToju Be3a mnamehy npeBpemMeHor nopohaja (rectauuj-
cka ctapocT <37 Heferba) 1 noBehaHor pu3auka 3a pasBoj
WHCYINMHCKE pes3ncTeHLmje Y paHoM nepuody xusoTta. Pa-
3110311 32 OBY MNOBE3aHOCT HUCY Y MOTMYHOCTU pasjallHeHM,
npeTnocTaBrba Cce Aa Cy y3pouwm He3penocT naHkpeaca,
HeJocCTaTak agekBaTHe UcxpaHe TOKOM pasBoja doeTyca u
yTuuaj ctpeca Tokom TpyaHohe [7]. Y uctpaxusamy cnpo-
BefeHoM y MpaHy, npeBpeMeHo npckake MrogoBUX OBOj-
HMLUa M HeoHaTarHa XyTuua éunu cy 3HadajHO noBesaHu
ca pa3sBojem agujabeteca Tuna 1 [6].

Crtyamja aytoumyHoctn anjabeteca kog mnagux (DAISY)
je NoHrMTyguHanHa ucTpaxmeadka cTyauja Koja ykasyje Ha

The role of parents and breastfeeding in the preven-
tion of Type 1 Diabetes

Analysis of data from two studies conducted in Norway and
Denmark has provided further insight into the relationship
between risk factors, such as maternal overweight be-
fore pregnancy, and the development of Type 1 Diabetes
in children [2]. In the German MIDIA study, the effects of
body mass index (BMI) before pregnancy and weight gain
during pregnancy on the risk of autoimmune reactions to
pancreatic B-cells was examined in 885 children. Of these,
36 children developed antibodies to pancreatic islet-cells,
while 10 children were diagnosed with Type 1 Diabetes.
A high maternal BMI before pregnancy and a weight gain
of 15 kg or more during pregnancy are risk factors for the
development of autoimmune reactions to the pancreas in
children [1]. Also, maternal diet during pregnancy and lac-
tation may also have an impact on this risk [1]. In sever-
al studies, smoking during pregnancy as a risk factor has
been shown to slightly reduce the risk of Type 1 Diabetes
in children. A meta-analysis confirmed that maternal age
at delivery is associated with an increased risk of Type
1 Diabetes in offspring. The BABYDIAB study found that
cesarean delivery increased the risk of Type 1 Diabetes
in children with the susceptible IFIH1 genotype, while a
Norwegian study showed a correlation between PTPN22
genes and an increased risk of diabetes in children born
vaginally [3]. The authors of a study conducted in Iran also
found a correlation between cesarean delivery i.e., C-sec-
tion and the risk of developing Type 1 Diabetes. In their
study, there was also a statistically significant correlation
between gestational hypertension (OR = 5.27), as well as
maternal urinary tract infection during pregnancy with the
development of type 2 diabetes [6].

There is a relationship between preterm birth (gestational
age <37 weeks) and an increased risk of developing insu-
lin resistance in early life. The reasons behind this corre-
lation are not fully understood, but are believed to include
pancreatic immaturity, lack of adequate nutrition during
fetal development, and the impact of stress during preg-
nancy [7]. In a study conducted in Iran, premature rupture
of membranes and neonatal jaundice were significantly as-
sociated with the development of Type 1 Diabetes [6].

The Diabetes Autoimmunity in the Young (DAISY) Study
is a longitudinal research study that suggests a potential
correlation between breastfeeding and daycare during the
first two years of life and the risk of developing Type 1 Di-
abetes [1]. Breastfeeding may have a limited protective ef-
fect in reducing the risk of Type 1 Diabetes, in contrast to
hydrolyzed formula, which does not show the same effect
[2]. Infants younger than six months who were fed other
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moryhy noBesaHocT nsmehy gojewa n gHeBHOr bopaska y
BPTMNhy TOKOM MpBe ABe roAvHe XvBOoTa 1 pu3nKa 3a pa3Boj
Anjabeteca tuna 1 [1]. Jojewe Moxe umaTtu orpaHuyeH 3a-
LWTUTHU edekaT y CMakery pusnka 3a anjabetec tmna 1,
3a pasnuKy og Xxvaponu3oBaHe hopMyrie Koja He nokasyje
nctu ecpekat [2]. Ogojyag mnaha o LWecT MeceLm Koja cy,
nopen MajuvmHor mrieka, buna xpaweHa U gpyruMm Hamu-
LuMMa nokasana Cy MoBULLEH PU3NK 3a pa3Boj AvjabeTeca
Tmna 1 (OR = 2,30) [6]. Ocum Tora, Aojere nma KrbyuyHy
yrnory y 3awTutu of eHTepoBupyca, a Aojere y nepvogy
ayxem of 12 meceum MOXe OANOXUTU Jarby nporpecujy
bGonecTn o ayTOMMYHOCTW [0 KNUMHUYKOT AnjabeTeca Tvna
1[1].

Be3a namehy tenecHe TexuHe n BUCUHE AeTeTa U pu-
3uKa 3a pa3Boj Aujabeteca Tun 1

AHanunsom 29 yrmaBHOM €BpPOMNCKUX CTyAuja OoKasaHo je
Oa je nopohajHa TexwuHa Beha oa 3,5 kg noBesaHa ca no-
BehaHum pusnkom 3a gujabetec Tuna 1 [2]. CTyamje nonyT
TRIGR n nctpaxusara y KoneHxareHy notephyjy aa je ro-
jasHoCT noBe3aHa ca noBehaHum pusmMkoMm 3a aujabetec
Tmna 1 y getnnwcty. TRIGR cTtyguja je Benvka mehyHa-
poAdHa KnuHMYKa cTyauja Koja ce pokycmnpana Ha npeBeH-
unjy amvjabeteca Tmna 1 ko geue ca reHeTCKoOM npeau-
cnosuuumjoM 3a oBy bonect. Harny nopacT TenecHe TexuHe
Yy paHoM OeTUHCTBY MoXe 6uTu noeesaH ca Behum pusu-
KOM 3a pa3Boj oBe Oonectu, anu Ta Be3a HUje AOBOSbHO
CHaxHa da npeunsHo npeasuan pusunk Kkog nojegmnHua [3].
Wnak, y nperneaHom pagy KHuna n Akepbrioma, nctmde
ce [a BemnvKa TernecHa TeXuHa y paHOM OETUHCTBY MOXe
npeacTaB/baTy BaxaH hakTop pu3uka 3a pasBoj avjabe-
Teca tvna 1 [8]. MNMpema ctyanjama DiPiS n DAISY, npu-
MeheHo je Aa noeBehaH pacT BUCWHE Y paHOM OEeTUHCTBY
mMoxe 61T nose3aH ca aujaberecom Tuna 1. HayuHunum ns
TEDDY cTyamje nokasanu cy [a je HWXW pacT BUCUHE Y
OeTuCTBY BMO nosesaH ca Behum pusnkom of Hanpeno-
Baka ka KnuHu4kom gujabetecy trna 1 [3].

MukpoopraHuamm Kao noTteHuujasiHm cpakTopu pusnka
y pa3Bojy anjabeteca tun 1

BbpojHa uctpaxmnBara ykasyjy Ha Benuky yrory supyca y
pa3Bojy Tuna 1 gujabeteca, anv ce BepoBaTHO paaun O KOM-
OuHaumMju reHeTcke npegucnosvumje, hakTopa cpeguHe 1
UMYHOIOLKMX npoueca. [locToju ces3oHcKa noBe3aHOCT
nodeTka Tuna 1 gnjabeteca, Koju ce Hajyewhe gnjarHOCTyW-
Kyje TOKOM XragH1X MeceLu, a Mo3HaTo je Aa Cy U BUPYCHe
WMHeKuuje Yewhe 3umu Hero neTu. JegHa of Teopwuja je oa
BMPYCMK OUPEKTHO yTWYy Ha yHKUMjy B-henuja, wTo Moxe
OOBECTU A0 HuxoBe cMpTh 1 owTehena JlaHrepxaHcoBuMX
ocTpBaua naHkpeca. Hekn Bupycu nmajy cnocobHocT ga
3apase B-henvje n ga ce ymMHOXaBajy YHyTap WX, LUTO

beverages in addition to breast milk showed an increased
risk of developing Type 1 Diabetes (OR = 2.30) [6]. In ad-
dition, breastfeeding plays a key role in protecting against
enteroviruses, and breastfeeding for a period longer than
12 months may delay further progression of the disease
from autoimmunity to clinical Type 1 Diabetes [1].

The relationship between a child’s body weight and
height and the risk of developing Type 1 Diabetes

An analysis of 29 mainly European studies has shown
that birth weight greater than 3.5 kg correlates with an
increased risk of Type 1 Diabetes [2]. Studies such as
TRIGR and the Copenhagen study confirm that obesity is
associated with an increased risk of childhood Type 1 Dia-
betes. The TRIGR study is a major international clinical tri-
al aimed at the prevention of Type 1 Diabetes in genetically
at-risk children. Rapid weight gain in early childhood may
be associated with an increased risk of developing the dis-
ease, though this association is not strong enough to ac-
curately predict individual risks [3]. However, a review arti-
cle by Knip and Akerblom suggests that high body weight
and rapid growth in infancy may be an important risk factor
for the development of Type 1 Diabetes [8]. According to
the DiPiS and DAISY studies, it was observed that greater
height growth velocity in early childhood may be associ-
ated with Type 1 Diabetes. Researchers engaged in the
TEDDY study showed that a lower height growth rate in
childhood was associated with a higher risk of progression
to Type 1 Diabetes diagnosis [3].

Microorganisms as potential risk factors in the devel-
opment of Type 1 Diabetes

A number of studies indicate a major role of viruses in the
development of Type 1 Diabetes, though it is likely a com-
bination of genetic predisposition, environmental factors
and immune processes. There is a seasonal pattern for
Type 1 Diabetes onset, which is most often diagnosed dur-
ing the cold months, and it is well known that viral infec-
tions are more common in winter than in summer. One of
the theories is that viruses can directly affect the function
of pancreatic B-cells, leading to their death and damage
to the islets of Langerhans. Some viruses are capable of
infecting and replicating in pancreatic -cells, which can be
a potential trigger for an autoimmune response that leads
to the destruction of B-cells. In addition, they can trigger in-
flammatory processes in the pancreas that further contrib-
ute to damage to pancreatic p-cells [9]. Numerous studies
have shown that childhood infections may play a role in the
development of Type 1 Diabetes, especially if they occur
during pregnancy. Pregnancy can cause shifts in the im-
mune system that can reduce cell-mediated immunity and
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MOXe A0BECTU A0 peakumje UMYHOIOLLKOr cuctema npo-
TuB B-henuja. Ocum Tora, Mory NOKpPeHyTV nHdnamaTopHe
npouece y naHkpeacy Koju fodaTHO AonpuHoce olwTtehe-
by B-henuja naHkpeaca [9]. BpojHa ucTpaxusara cy no-
Kasana ga uHdekuuje y OeTUHCTBY MOTY MMatu ynory y
pa3Bojy aunjabeteca Tmna 1, HAPOYMTO aKo Ce jaBe TOKOM
TpyAHohe. TpyaHoha moxe [0BeCTU A0 WUMYHOSOLLKUX
npomeHa Koje Mory cmamwuti henujckn nocpegoBaH nUMy-
HUTET 1 NoBehaTn OCETILMBOCT Ha YHyTaphenujcke NHgek-
uuje [2].

Mpema ncTpaxunsary M3 Hemauke, pusmk og obonesara
je bvo 3HavajHo Behu kof geue koja cy umana nHdekumjy
AvcajHux nyTesa npe LecTtor Meceua xumeota. CrmyHo cy
NoTBPAMIN U y cTyamju y AycTpanuju, rae je pusmk 6uo
Behu KoA feue Koja cy nmana MHdeKUnjy ropHnx ancajHux
nyTesa npe nete Hegerbe Uu MHAgEKUMjy yxa Ao ABaHae-
cTe Heperbe xuBoTa [2]. Ctyavje Bangeca n HeHna ykasyjy
Ha noBehaH pusuk 3a gujabetec Tmna 1 HakoH MHeKunje
rpunomM. Hacynpot wuma, KoHgpaluosa 1 capagHuum HUCY
3abenexunu nosehaH puawuk [10]. PesyntaTtn cTygwnja o no-
BesaHocTn namehy SARS-CoV-2 n pusnka 3a gunjabetec
Tvna 1, 3HavajHo Bapupajy. Hekn cyrepuily nosehaH pusumk
3a gujabetec Tvna 1 HakoH nHdekumnje SARS-CoV-2, ok
OpYyry HACY NpoHaLLnn 3HavyajHy nosesaHocT. Pernctpu no-
nynauuje y Lkotckoj n JaHCKoj HUCY OTKpUnn noBe3aHoCT
nsmehy oBe MHdpekumje 1 nosehaHor pusmka 3a aujabe-
Tec Tuna 1, gok je y Hopselwkoj npumeheH nosehaH pu-
3uk. CTyavje Ha BENUKMM y3opumMMa nomnynauuje, Ha npeko
50.000 mnagux, n3 Konopaga v baBapcke HuCy npoHalune
nosesaHocT nsmehy SARS-CoV-2 aHTutena mn cteapama
aHTMTena Ha B-henuje naHkpeaca. Tpeba umatun y Buay aa
OBM Hamnasu mMory 6utu noanoXHW pasnuuntum caktopu-
Ma, YKIby4yjyhn metogonorujy ctyguje, KapakTepuctuke
nonynauuje n BpeMEHCK1 Nepnoa aHanu3e, Tako Aa je He-
OnxogHo ayxe npahekwe paaun npoueHe ga nu je nHdekum-
ja SARS-CoV-2 y Be3wn ca pa3BojemM anjabeteca Tuna 1 [3].

Mehy WHMEKTUBHUM Y3pOYHMLUMMA, NOCEOHO MHTEepeco-
Bark€ M3a3nBajy eHTepoBUpYycHe WHdekuumje [3, 11]. Ha
TajaHy je cnpoBegeHa nonynauuoHa cTyauja ca BuLle
0o, MUINMOH cryyajeBa, Koja je nokasarna noBe3aHOCT WH-
dekumje eHTepoBupycom npe 18. roguHe n passoja Tuna
1 onjabeteca [2]. [NocToju carnacHocCT y nuTepaTtypu o no-
3UTVBHOj Be3n U3Mehy eHTepoBupyCcHE MHdEKuunje U pu-
3uka 3a Tvn 1 gujaberteca, HApPOYUTO TOKOM TpyaHohe u 'y
petuwsctBy. Ctyavje DiMe n DIPP npeacrtaBrbajy BakHe
ncTpaxuBadke nogyxsare y ®UHCKO]j, KibyyHe 3a pasyme-
Bakbe 1 nNpeBeHunjy gnjabeteca tmuna 1y douHckoj nonyna-
umjn. OBe cTyauje ykasyjy Ha MOryhHOCT cepoKkoHBep3auje
ayToaHTUTETa KOA Majku 1 AeLe HakOH eHTePOBUPYCHE NH-
dekumje. NMpeTnoctasrba ce Aa gonasu Ao nNpeHoca enu-
ToMma Mnu MorekynapHe MUMUKpUje Koja MOXe MOKPEHYTU

increase susceptibility to intracellular infections [2].

According to a study from Germany, the risk of developing
the disease was significantly higher in children who had a
respiratory infection before the age of six months. A similar
finding was confirmed by a study from Australia, where the
risk was higher in children who had an upper respiratory
infection before the age of five weeks or an ear infection
before the age of twelve weeks [2]. Studies by Valdes and
Nenna have shown an increased risk of Type 1 Diabetes
after influenza infection. In contrast, Kondrashova et al.
observed no increased risk [10]. The results of studies on
the correlation between SARS-CoV-2 and the risk of Type
1 Diabetes vary considerably. Some suggest an increased
risk of Type 1 Diabetes after SARS-CoV-2 infection, while
others have not found a significant correlation. Popula-
tion-based registry studies in Scotland and Denmark have
not found an association between this infection and an in-
creased risk of Type 1 Diabetes, while an increased risk
was observed in Norway. Large population-based stud-
ies conducted on the sample of over 50,000 young adults
from Colorado and Bavaria found no association between
SARS-CoV-2 antibodies and the development of pancre-
atic p-cell antibodies. It should be noted that these find-
ings may be subject to a variety of factors, including study
methodology, population characteristics, and time period
of analysis, so longer follow-up is needed to assess wheth-
er SARS-CoV-2 infection is related to the development of
Type 1 Diabetes [3].

Among infectious agents, enterovirus infections are of par-
ticular interest [3, 11]. A population-based study conducted
in Taiwan on more than a million cases has shown a cor-
relation between enterovirus infections before the age of
18 and the development of Type 1 Diabetes [2]. There is
consensus in the literature regarding that enterovirus infec-
tions positively correlate with the risk of Type 1 Diabetes,
particularly during pregnancy and in childhood. The DiMe
and DIPP studies represent important research efforts in
Finland, crucial for the understanding and prevention of
Type 1 Diabetes in the Finnish population. These studies
suggest the possibility of seroconversion of autoantibodies
in mothers and children following enterovirus infections.
It is assumed that epitope or molecular mimicry occurs,
which can trigger an autoimmune process in the offspring
[10]. Evidence on this mechanism is still limited, but it is
thought that chronic and cumulative viral infections may
cause autoimmune processes that further lead to the de-
velopment of Type 1 Diabetes [10, 11].

The TEDDY study provides important insights into the rela-
tionship between viral infections and autoimmune respons-
es to the pancreas. This study suggests that chronic infec-
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ayToumyHu npouec kog notomctea [10]. [Joka3n o0 oBOM
MexaHM3My Cy joll YBEK OrpaHu4eHu, anu ce cmatpa ga
XPOHMYHE W KyMyraTuBHE BUPYCHe WHdeKumnje mory no-
BECTU OO ayTOMMYHUX NpoLueca Koju Aarbe BoAe Yy pasBoj
Avjabeteca tuna 1 [10, 11].

TEDDY crtyauja goHOCKM 3Ha4vajHe 3akrbyyke O Be3u U3-
mMefly BuWpycHe WHdekunje 1 ayToMMmyHe peakumje Ha
naHkpeac. OBa cTyamja ykasyje Aa XpoHudHa uHdekumja
oppehennm cojem Coxachie B moxe npeaBuaeTn passoj
nMyHornoLukmnx peakuuja [10].

lejn je cyrepycao pa UpeBHM MapasuTn, noceb-
Ho Enterobius vermicularis, mory OuUTK Kiby4Hu doakTop 3a
nosehaHy vHuugeHunjy gujabeteca tuna 1, anu cryguje
3acHOBaHe Ha peructpuma u3 [laHcke HUCY npoHalune
Be3y namely yaumara nekosa npoTuB napasvrta u pusmka
3a gujabetec Tuna 1 [3].

UctpaxuBawe Bese nsmehly umyHusaumje u gujadete-
catun1

YBoheweM HOBUX BakuuHa y KaneHgap umyHusauwmje, ja-
BUne Cy ce npeTnocTtaeke o Moryhoj Bean nsmenhy BakumHa
n nosehaHe nHumaeHumje gnjabeteca Tuna 1 [3]. UcTpa-
»KMBaHba Cy nokasana fa geua koja cy npumuna Pandemrix
BaKLMHY TokoM naHgemujckor rpuna A/H1N1 2009. roanHe
Hucy nmana nosehaH pu3uk 3a passoja avjabereca Tuna 1.
HanpoTtuB, Heka nctpaxuBara y PUHCKOj Cy Yak nokasa-
na fa cy BakuuHucaHa geua mnaha of ABe roavMHe nvana
cManeH pusuk [12]. o cmamera nHumageHumje anjabere-
ca TMna 1 JoLwro je HakoH yBofera BakuuHauumje npoTus
poTa Bupyca y OeTuHCTBY Y AycTpanuju, LWTO yKasyje Ha
mMoryhu yTuuaj cnorballnux paktopa Ha pasBoj oBe bone-
ctu [10]. AcTo je npumeheHo u y uctpaxusawy y CAI-y,
rae je Takohe gowno A0 cMakena UHUMaeHuunje anjabe-
Teca Kof Marne geue HakoH yBoherwa BakuMHauumje NpoTus
potaBupyca [2]. CTyauja Koja je uctTpaxkmeana noBe3aHoCT
BakunHe BCG v gujabeteca Tuna 1, Huje npoHawuna 3Ha-
YajHy Bedy. Takohe, BakuuHaumja npotmB SARS-CoV-2
Huje noBe3aHa ca noBehaHumM pusmkom 3a gujabetec Tnna
1 npema pesyntatuma ctyguvja u3 LLkogcke n Hopeellke

[3].
Ynora ncxpaHe y npeBeHUMju 1 ynpaBrbaky 6onelhy

dakTopy MCXpaHe MOry MMaTu 3HayajHy ynory y pasBo-
jy ayToMMyHKX npoueca Koju npetxode Aujabertecy tvna
1. Bpeme n HaunH yBOheHwa pasnuumTe XpaHe y mcxpa-
Hy AeTeTa npeacTaBrbajy BaxHe chakTope puanka. Pana
N3MNOXEHOCT MPOTEMHMMA KpaBrber Mreka, yKynaH yHOC
MITEeYHMX Npomn3Boaa 1 Bpeme yBohera rnyTeHa npeacra-
BIbajy Hajuewhe wucTpaxuBaHe npexpambeHe dakTope.
lNpema pesyntatuma ctyguje ua [aHcke, yHOC ogpeheHnx
HaMVpHULUA TOKOM TpyAHohe MOXe yTuuaT Ha pusuK 3a

tions caused by specific strains of Coxsackie B can predict
the development of immune responses [10].

Gale has suggested that intestinal parasites, especially En-
terobius vermicularis, might be a key factor in the increased
incidence of Type 1 Diabetes, but population-based cohort
studies from Denmark found no correlation between taking
antiparasitic drugs and the risk of Type 1 Diabetes [3].

Investigating the link between immunization and Type
1 Diabetes

With the introduction of new vaccines into the Immuniza-
tion Schedule, there has been speculation about a pos-
sible link between vaccines and an increased incidence
of Type 1 Diabetes [3]. Studies have found no increased
risk of developing Type 1 Diabetes in children vaccinated
with Pandemrix during the 2009 A/H1N1 pandemic. On the
contrary, some studies in Finland have even shown that
vaccinated children under two years of age had a reduced
risk of developing the disease [12]. A decrease in the inci-
dence of Type 1 Diabetes in young children occurred after
the introduction of the rotavirus vaccine in Australia, which
suggests the potential effect of environmental factors on
the development of the disease [10]. The same was ob-
served in a study conducted in the USA, where a decrease
in the incidence of diabetes in young children occurred af-
ter the introduction of childhood rotavirus immunization [2].
A study investigating the relationship between BCG vac-
cine and Type 1 Diabetes found no significant correlation.
Also, vaccination against SARS-CoV-2 was not associated
with an increased risk of Type 1 Diabetes according to the
results of studies conducted in Scotland and Norway [3].

The role of nutrition in the disease prevention and
management

Dietary factors may play a significant role in the develop-
ment of autoimmune processes that precede Type 1 Dia-
betes. The timing and manner of introducing different foods
to a child’s diet are important risk factors. Early exposure to
cow’s milk proteins, total dairy intake, and timing of gluten
introduction are the most commonly investigated nutritional
factors. According to the results of a study from Denmark,
the intake of certain foods during pregnancy may affect the
risk of developing Type 1 Diabetes in children. Children
of mothers who consumed high levels of gluten (>20 g/
day) had a twofold higher risk of developing the disease
[2]. Some researchers suggest that the late introduction of
gluten-containing cereals during the first year of life may
increase the risk of developing Type 1 Diabetes in geneti-
cally predisposed children [12]. In contrast, the authors of
a study conducted in Izmir found that introducing cereals
before the age of six months significantly increases the risk
of developing Type 1 Diabetes [13]. The MIDIA study found
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pa3Boj anjabeteca Tuna 1 kog Aeue. [eua majkm koje cy
KOH3yMuMparne BUCOK HMBO rmyTeHa (>20 g/gaH) nmana cy
OBocTpyko Behu pusmk 3a pas3Boj oBe donectu [2]. Hekn
UCTpaxuBayn cyrepuily Aa KacHuje yBohewe xuTapuua
Koje cagp)Ke rnmyTeH TOKOM MpBe roguHe XunBota MoXe Mo-
BehaTu p13uK 3a pa3Boj anjabeteca Tuna 1 kog Aele ca re-
HeTCKOM npeaucnosuvumjom [12]. HacynpoT wuma, aytopu
CTyAuje cnpoBefeHe y ismupy gownu cy Ao pesyntaTa ga
yBohere XnTapuua npe LWecTor MeceLa X1BoTa 3HavajHo
nosehaBa pu3uk 3a pa3Boj anjabdeteca Tnuna 1 [13]. Cty-
aunja MIDIA Huje npoHaluna Besy u3mMehy BpeMeHa kaja je
[eTe noyeno Aa jege YBPCTY XpaHy W nojase ayTOMMYHUX
oborbewa [1]. Pesyntatu Yuueknuja n [ypycoja ykasyjy
[a MpBM KOHTaKT Ca XpPaHOM MOXe Mogyrucatv UMYHO-
NOLLKY peaKkTUBHOCT Yy paHoM AeTuwcTBy [13]. YBOhene
jajeTa npe geseTor Mecela XMBOTa NOBE3aHO je ca cMa-
HEHUM PU3VMKOM Of MMYHOMOLLUKMX peakuuja [2]. Mogaum
0 OPYrMM MUKPOHYTPUjEeHTUMa, NonyT rBoxha n aHTUOKCK-
[aHaTa TokoM TpyaHohe, nokasyjy HegocneaHe pesynrare
y norneny puauka 3a anjabetec tuna 1 [3].

Behu yHOC KpaBrber mrneka moxe 6uTu nosesaH ca Mo-
BehaHMM pu3MKoM Ko Aele ca oapeheHUM reHoTUNoBuU-
mMa [2]. Ctyamja DAISY nokasana je Aa geua ca HUCKUM
nnn ymepeHnm XJ1A-[P reHoTunoBMma Koja KOH3ymupajy
KpaBSbe MIeKo umajy Behn puauk og popmmpara aHTu-
Tena Ha B-henuje naHkpeaca. iHTepakuuja nsamehy paHor
nsnarawa KpaBrbem MIIeKy U reHeTckor nornmmopduama
PTPN22 npumehena je y DIPP ctyaunju. Ctyguje cy noka-
3are pasnuuuTe pesyntarte y Be3u ca KOH3yMauujoMm Kpa-
BIbEr MIleKa 1 pusnkom 3a gunjabetec tuna 1 [3]. MexaHu-
3aM OBOr pu3MKa MoXxe ce 06jaCHUTU TUMEe Aa NPOoTENHU
KpaBreer mneka, Hapounto A1 B-kasenH mory JoBecTu Ao
nojavaHe LpeBHe NPONyCTIbLUBOCTU UMW akTUBUPaka UMY-
Hor cuctema [14].

lMoeehaHn HMBOW NeHTageKaHONYHe, NanMUTUHCKE U narn-
MUWTONENHCKE KUCENUHE Y Cepymy noBe3aHu cy ca Behum
pU3nKoM of hopMmupara aHTuTena Ha -henuvje naHkpe-
aca, WTOo yKasyje Ha MOoryhHOCT Aa KoH3ymauuja mneka u
Meca Moxe 6utn daktop pusmKa y pasBojy ayTOMMYHUX
oborbewa [3]. borbat 1 capagHuuM Cy OOWNM OO pesyn-
TaTa [a je 4ecTo KOH3ymMupakwe Meca nosesaHo ca Behum
pu3nkoMm o pasBoja aujabeteca tuna 1 [15]. Hegocnen-
HOCTW y pe3yntatuma Mory 6utu pesyntar pasnuinTux re-
HEeTCKUX npodumna n nHTepakuuja ca okosimHom [3].

WManararwe ButamuHy [l Tokom TpygHohe Moxe yTuuatu Ha
pu3nk 3a gujabetec tvna 1, maga cy pesynTtatu cTyguvja
HEKOH3UCTEHTHW. BuTtamuH [] ncTpakuBaH je Kao NoTeHuu-
janHun 3awTUTHM bakTop y pas3Bojy anjabeteca tmna 1, ¢
063VpOM Ha HeroBy yrory y perynaumjy UMyHor cuctema
n metabonuykum npouecuma. Ctyauje cy npyxxune pasnm-
ynTe pesynTarte y Be3un uamely U3noxeHocTn ButamuHy [
TOKOM TpyaHohe 1 paHor OeTuHCTBa U pusnka 3a gujabe-

no relationship between the time a child started eating sol-
id foods and the development of autoimmune diseases [4].
The results of Gicekli and Durusoy suggest that the first
contact with food can modulate immune reactivity in ear-
ly childhood [13]. Introducing eggs before the age of nine
months is associated with a reduced risk of immune re-
sponses [2]. Data on other micronutrients, such as iron and
antioxidants during pregnancy, show inconsistent results
regarding the risk of Type 1 Diabetes [3].

Higher intake of cow’s milk may be associated with an in-
creased risk in children with certain genotypes [2]. The DAI-
SY study showed that children with low or moderate HLA-
DR genotypes who consume cow’s milk have a higher risk
of developing pancreatic 3-cell antibodies. An interaction be-
tween early exposure to cow’s milk and the PTPN22 genet-
ic polymorphism was observed in the DIPP study. Studies
have shown mixed results regarding cow’s milk consump-
tion and the risk of Type 1 Diabetes [3]. The mechanism
underlying this risk may be explained by the fact that cow’s
milk proteins, especially A1 3-casein, may lead to increased
intestinal permeability or the immune system activation [14].

Higher serum levels of pentadecanoic, palmitic, and palmi-
toleic acids are associated with an increased risk of devel-
oping pancreatic B-cells antibodies, suggesting that dairy
and meat consumption may be risk factors for the develop-
ment of autoimmune diseases [3]. Boljat et al. found that
frequent meat consumption was related to a higher risk of
developing Type 1 Diabetes [15]. The inconsistent findings
may be the result of different genetic profiles and interac-
tions with the environment [3].

Vitamin D exposure during pregnancy may influence the
risk of Type 1 Diabetes, although the results of studies
are inconsistent. Vitamin D has been investigated as a
potential protective factor in the development of Type 1
Diabetes, given its role in regulating the immune system
and metabolic processes. Studies have provided mixed
results on the relationship between exposure to vitamin D
during pregnancy and infancy and the risk of Type 1 Dia-
betes, with some studies suggesting that vitamin D supple-
mentation may reduce this risk. Genetic factors may also
play a role in this complex mechanism. The TEDDY study
showed that the correlation between vitamin D and the risk
of developing pancreatic B-cells antibodies varies accord-
ing to genetic variations in the vitamin D receptor gene [3].

Research has shown mixed findings on the effects of intro-
ducing different foods to babies’ diets on the development
of Type 1 Diabetes. While some studies have suggested
that early introduction of certain foods such as cereals may
increase the risk, others have shown opposite results. The
differences in results between studies in different countries
may be related to different dietary habits and practices [3].

363

SERBIAN JOURNAL OF PUBLIC HEALTH

VOLUME 99  NUMBER 4

DECEMBER 2025



MACHWK JABHOT 3[1PAB/bA

3opaHa OcTtojuh, Bojucnas Tenuh, JaHujena MuneHkosuh, Bara lMNeTkosuh, Japro Hosakosuh, ViBaHa Paguh

Tec Tvna 1, Npu YemMy cy Heke cTyauje cyrepucane ga cy-
nneMeHTauuja BUTaMMHOM [1 MOXe CMaWTU OBaj PU3MK.
leHeTckM chakTopmn Takohe Mory urpatu yrnory y OBOM KOM-
nnekcHom mexaHmamy. Ctyavja TEDDY nokasana je ga ce
nosesaHOCT uameny sutamuHa [ n pusnka og dopmupa-
Ha aHTMUTENa Ha B-henuvje naHkpeaca pas3nukyje no reHeT-
CKMM Bapwujauujama y reHy peuentopa 3a sutamuH [ [3].

VcTpaxnBara nokasyjy pasnumyuTe Hanase o yTuuajy yBo-
herwa pasnuunTe xpaHe y ucxpaHy 6eba Ha pas3Boj ouvja-
beteca Tvna 1. [lok cy Heke cTyauje ykasuBarne ga paHo
yBohewe ofpefeHe xpaHe Kao LUTO Cy XuTapuue Moxe
nosehatu pu3uk, gpyre cy nokasane CyrnpoTHe pesynrare.
Paanuke y pesyntatuma namehy ctyavja y pasnmyantum 3e-
MIbama, Moxe OUTKU NoBE3aHO C Pa3nNnYnTUM npexpambe-
HUM HaBMKama u npakcama [3].

Be3a namelly 3apaBrba AUrecCTMBHOr cUCTemMa U ayTo-
MMYHUX oborbera

3apaBa upeBHa driopa nrpa Kiby4Hy ynory y passojy umy-
HOMOLUKOr cuctema, nocebHo y paHum chasama xuBoTa.
HeypaBHoTexeHOCT y cacTaBy OakTtepuja y LpeBuma no-
Be3aHa je noBehaHVM prU3MKOM 3a HEKOSNUKO ayTOMMYHUX
bonectu, ykbyyyjyhu aujabetec Tuna 1. PasymeBane me-
XaHu3ama nyTemM Kojux NpOMeHe Yy LIpeBHOj nopu yTudy
Ha pa3Boj Avjabeteca TMna 1 of CYLWTUHCKOr je 3Hadvaja
3a pa3Boj NpeBeHTUBHUX cTpaTeruja [16]. bakTtepujcke nH-
dekumnje n MMKpobuoTa LpeBa MOry yTuuaT Ha pu3mK 3a
anjabetec tuna 1. Ctyamje ykasyjy Ha NoBe3aHOCT nepu-
HaTanHux gakTopa, NonyT HayuMHa nopohaja, ucxpaHe y
paHoOM OeTuHCTBY U ynoTpebe aHTMBUOTMKA, ca npome-
Hama y mukpobuomy upesa. NMogaun n3 TEDDY cTyguje
nokasyjy pasnvke y MMKpOOUOTK LpeBa Kof reHeTCKM npe-
OVCNoHUpaHe Jele y ogHocy Ha 3gpase ocobe [3].

Pasnuuntn caktopn M3 cnorbalke cpeavHe obrnukyjy
LpeBHY ropy TOKOM NPBUX FOAMHa XWUBOTA, YKIby4yjy-
hu reorpadbcky nokauujy, npucycTeo kKyhHux reybrmada u
npucycteo bpahe/cectapa y nopoguum [10]. MNMogaum yka-
3yjy 1 Ha MOTeHUMjanHy 3awTUTHY yrnory npobuoTtuka: geua
KOja Cy y paHOM ys3pacTy y3umarna npobuotuke nokasana
Cy CMareH pusmk o dopMmpara aHTUTeNna Ha ocTpBsua
naHkpeaca. TpeHyTHa UCTpaxuBarma UCNUTYjy edekTe cy-
nnemeHTaumje Bifidobacterium longum y cmarbeny OBOr
puaunka Kopg, reHeTCcku npegucnoHmpaHe geue [3].

UcTpaxuBamwe Bese namehy U3nNoXeHOCTU XeMUjCKUM
cyncTtaHuama 1 p1M3uKa 3a pa3Boj Avjabeteca Tuna 1

Besa u3amehy MW3NOXeHOCTU Xemukanujama y >XUBOTHOj
cpenvHu n passoja Tuna 1 anjabeteca je BeoMa CnoxeHa.
XemuKanuje Mory n3assatu pasnuuunTe epekte Ha opraHu-
3aM, yKibyyyjyhu oupekTtHe TokcudHe edoekte Ha 3-henuje
naHkpeaca, ehekTe Ha UMYHOSOLLKM CUCTEM UM NPOMEHE

The relationship between digestive health and autoim-
mune diseases

A healthy gut microbiota plays a key role in the develop-
ment of the immune system, especially in the early stages
of life. An imbalance in the composition of the gut microbi-
ota has been associated with an increased risk of several
autoimmune diseases, including Type 1 Diabetes. Under-
standing the mechanisms through which changes in gut
microbiota influence the development of Type 1 Diabetes
is essential for the development of preventive strategies
[16]. Bacterial infections and the gut microbiota may in-
fluence the risk of Type 1 Diabetes. Studies suggest that
perinatal factors, such as mode of delivery, early nutrition,
and antibiotic use, are associated with changes in the gut
microbiome. Data from the TEDDY study show differences
in the gut microbiota of genetically predisposed children
compared to healthy individuals [3].

Various environmental factors shape the gut microbiota
during the first years of life, including geographic location,
the presence of pets, and the presence of siblings in the
family [10]. Data also suggest a potential protective role of
probiotics: early probiotic exposure in children has been
associated with a reduced risk of developing islet autoim-
munity. Current research is investigating the effects of Bi-
fidobacterium longum supplementation in reducing this risk
among genetically predisposed children [3].

Investigating the relationship between exposure to
chemical substances and the risk of developing Type
1 Diabetes

The relationship between environmental chemical expo-
sure and the development of Type 1 Diabetes is complex.
Chemicals can have a variety of effects on the body, in-
cluding direct toxic effects on pancreatic 3-cells, effects on
the immune system, or changes in hormonal status that
can affect the gut microbiota or intestinal permeability. Ef-
fects may vary depending on the specific combination of
substances, dose, duration of exposure, and individual
susceptibility factors [1, 17-19].

Analysis of the effects of seasonal changes on the dis-
ease development

Some studies have noted that seasonal variations can have
an impact on various aspects of health, including the devel-
opment of autoimmune diseases such as Type 1 Diabetes.
The fact that children aged 11-15 show more pronounced
seasonal variations than children diagnosed before the
age of five suggests that factors such as schooling may
influence the development of Type 1 Diabetes. The school
environment may contribute to greater exposure to viruses
and bacteria due to close contact between students. Also,
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Yy XOPMOHarnHoOM CTaTycy KOju MOry yTuuatu Ha MUKpoobu-
OTy upeBa wnv nepmeabunHocT upesa. Edektn ce mory
pa3nukoBaTu y 3aBUCHOCTY of cneunduryHe kombrHaumje
CyncTaHuu, fose, Tpajaka MU3NOXEHOCTU U UHAMBUAYarn-
Hux pakTopa oceTrbmBocTm [1, 17—19].

AHanu3sa yTtuuaja npoMeHe roguilkbux goba Ha nojaBy
GonecTtun

Y HekuM cTyamjama je npMMeheHo Kako Cce30HCKe Bapuja-
umje Mory umatu yTuuaj Ha pasnuyuTe acnekTe 34paBrba,
Kao u Ha pa3Boj ayToMMyHuUx Bonectn nonyt avjabeTteca
Tvna 1. YuweHnua ga geua yspacta og 11 go 15 roguHa
nokasyjy nspaxeHuje cesoHcke Bapujauuje Hero geua koja
cy pobuna avjarHo3y npe nete roguHe XuWBOTa cyrepuile
Aa hakTopu NonyT LUKONoBaka MOry umatu yTuuaj Ha pa-
3B0j AnjabeTteca Tuna 1. LLIkoncko okpyxere Moxe gonpu-
HeTn BehOj U3NOXeHoCTU Bupycuma u baktepujama 360r
6nuckor koHTakTa Mehy yyeHuumma. Takohe, npomeHa y
HauMHy MCXpaHe, Kao M CTpec Koju Moxe 6uTuM nsassaH
LUKONCKkMM obasesama, MOry [OMPWHETU 3APaBCTBEHUM
nsasosuma kof feue. lNojeanHe ctygunje cy npujaBune
Ce30HCKe Bapwujaumje y nHumMaeHumju gujabeteca tuna 1y
3aBWCHOCTU oA AaTyma pohena nauujeHata, Aok BehuHa
Opyrux ctyamja Huwje npoHaluna 3HayajHy NoBe3aHOCT U3-
mehy ce3oHe pofewa n pu3auka 3a gujabetec tuna 1 [3].

YTuuaj eKoHOMCKUX U ApyLlITBEeHUX haKkTopa Ha pa3Boj
o6onectu

dakTopu kao WwTo cy Behun Opoj YnaHoBa y AoMahuHCTRY,
Konu4yvHa BpemeHa npoBefeHa y AHEBHOM BopaBKy U KOH-
TaKT ca XMBOTMHAMa MOTY AOMPUHETU U3MOXEHOCTU KOjy
je Tewko aMpekTHo uameputn. OBM hakTopn MoOry goBe-
CTW O NoTeHuMjanHux eTUONOLLIKUX areHaca, anu ce Ta-
KBW yTWLaju YeCTo npeknanajy ca Apyrum dakropuma, Kao
LITO Cy €THWMYKa NpMNagHoOCT MU COLMO-EKOHOMCKM CTaTycC,
KOju YecTo Hucy y3eTn y 063ump y ctyamjama. lNosHato je aa
ce MHMEKTUBHN areHcu Opxke LumMpe Yy rycTo HacerbeHUM
nogpydjuma. Pesyntatm ucTpaxvsawa O Be3u [yCTUHE
HacerbeHoCcTu unu ypbaHmama ca pusmkom 3a aujabetec
Tvna 1 cy KOHTpaamkTopHU. Ha npumep, y HOpAuWjCKMM 3e-
MIbama, MHuuaeHumvja avjadereca tuna 1 je 4yecTo Huxa
y BENUKMM rpagosuma y nopehewy ca pypanHum npege-
numa. MHTepnpeTauumja oBux pesynrarta je crioxeHa jep
BehuHa cTyanja Huje y3ena y ob63np eTHWYKM cacTaB Mo-
nynauuje n mecto pohewa. XKnsot Ha hapmu je nosesaH
ca MabVM PU3NKOM 3a acTMy, anu cTyauje HUCY nokasane
TakBy Be3y ca ayTouMyHUMm Bornectuma nonyTt gujabeTeca
Tnna 1. Uctpaxusarwa y Hemaukoj, PnHcKoj n HopseLukoj
HWUCY MpoHaLuna 3HayajHy noBe3aHoCT M3Mehy XMBoTa Ha
dapMu UnNm KOHTaKTa ca XMBOTUHaMa Ha hapMu 1 pusmka
3a anjabetec Tvna 1 [3]. ABIS ctyauja, koja ce cnpoBogu-
navy jyxHoj LLisefckoj, nokasana je Aa KOHTakT ca Madykama
M ncuma TokoMm TpyaHohe Huje noBehao BepoBaTHOhy 3a

changes in dietary habits, as well as the stress that can be
caused by school obligations, may contribute to health-re-
lated challenges in children. Some studies have reported
seasonal variations in the incidence of Type 1 Diabetes
depending on the date of birth of patients, while most other
studies have found no significant correlation between the
season of birth and the risk of Type 1 Diabetes [3].

The effects of social and economic factors on the dis-
ease development

Factors such as larger household size, the amount of time
spent in daycare, and contact with animals may contribute
to exposures that are difficult to measure directly. These
factors may lead to potential etiological agents, but such
influences often overlap with other factors, such as ethnici-
ty and socioeconomic status, which are often not taken into
account in studies. Infectious agents are known to spread
more rapidly in densely populated areas. Research find-
ings on the relationship between population density/urban-
ity and the risk of Type 1 Diabetes are contradictory. For
example, in the Nordic countries, the incidence of Type 1
Diabetes is often lower in large cities compared with rural
areas. Interpretation of these results is complex because
most studies have not taken into account the ethnic com-
position of the population or place of birth. Farm life has
been related to a lower risk of asthma, but studies have not
shown such a relationship with autoimmune diseases such
as Type 1 Diabetes. Studies in Germany, Finland, and Nor-
way have found no significant correlation between farm life
or contact with farm animals and the risk of Type 1 Diabe-
tes [3]. The ABIS study, conducted in southern Sweden,
found that contact with cats and dogs during pregnancy did
not increase the likelihood of developing Type 1 Diabetes,
while exposure to hamsters did [10].

The incidence of Type 1 Diabetes varies between countries
and is more common in wealthier countries, although risk
factors are often present in children of lower socioeconom-
ic status. A study conducted in Washington suggested a
nonlinear association between maternal education and the
risk of Type 1 Diabetes in children. Secondary and high-
er education levels showed an almost double incidence
of Type 1 Diabetes compared to children whose mothers
had low education levels. The nonlinear association may
indicate the potential effect of socioeconomic factors on
the development of Type 1 Diabetes, with maternal edu-
cation being an indicator of such factors. Studies from Italy
and Norway have provided further insights into the com-
plexity of the relationship between parental education and
the risk of Type 1 Diabetes in children. A study conducted
in Turin also observed a nonlinear association between
parental education and the risk of Type 1 Diabetes. Chil-
dren of parents with the highest education level showed
the highest risk. However, in Norway, the opposite pattern
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3opaHa Octojuh, Bojucnas Tenuh, laHujena MuneHkosuh, Barba Metkosuh, laprno Hosakosuh, MBaHa Paguh

pa3Boj Anjabeteca Tmna 1, JOK U3MOXEHOCT ca Xpyuuma
jecte [10].

WHumnpeHunja gujabeteca tuna 1 Bapupa Mehy 3emrbama
n yewha je y 6oratmjum 3emrbama, nako cy aktopu pu-
31Ka YeCTO MPUCYTHW KOO OeLe HWXKEr COLMO-eKOHOMCKOT
cTaTyca. Y cTyamju cnpoBefeHoj y BallmHrtony cyrepuca-
HO je Aa NocToju HenvHeapHa nosesaHocT uamehy obpa-
30Baka Majkn U pusnka 3a gujabetec tuna 1 kog geue.
O6pa3zoBane Ha cpedreM 1 BUCOKOM HMBOY MoKasaro je
CKOpO ABOCTPYKO Behy mHumnaeHumjy oujabeteca tmna 1y
OOHOCY Ha Jely yunje cy Majke umarne HUCKO obpasoBar-e.
HenuHeapHa noBe3aHOCT MOXe yKa3aTu Ha MOoTeHuujanHm
yTHLaj CoLMO-EKOHOMCKMX (hakTopa Ha pa3Boj anjabeteca
TMna 1, npu 4yemy obpas3oBare Majku Moxe OUTK nHonKa-
TOp TakBux graktopa. Victpaxusara ns Ntanuje n Hopse-
LUKe NpyxXajy AogaTtHe yBuae Yy KOMMMEeKCHOCT Be3e nsme-
Ry obpasoBara poguterba n pusmka 3a gujaberec Tuna
1 ko peue. Y ctyauju y TopuHy, Takohe je npumeheHa
HernvMHeapHa noBe3aHoCT n3Mehy obpasoBara poauTera
n pusnka 3a gujabetec tuna 1. [leua pogurterba ca HajBu-
Wwmm obpasoBareM cy MMana Hajpehu pusuk. Mehytum, y
HopBelwkoj je npumeheH obpHyTn obpasau, rae cy geua
poauTerba ca HajsuwnM obpasoBaHkeM MMarna mamwun pu-
31K 3a gujabetec Tuna 1. Y oBOj cTyanjn, obpasoBar-e nnm
3aHMMane oua Huje buno nosesaHo ca pas3sojeMm Tuna 1
OvjabeTeca y oetTuwsctBy. Pe3yntati oBuX CTyauja ykaayjy
Ha To Aa Besa usmMmehy obpasoBara poauTerba U pusmka
3a gujabetec TMna 1 Moxe 3aBUCUTM 0 CneunuyHnX co-
LMO-EKOHOMCKMX, KYNTYPHUX 1 apyrux daktopa [3].

PasmaTtpare yTuuaja emoumoHanHux drakropa Ha pa-
3BOj bonectu

IMcMXonoLKN CTPeC TOKOM MepuHaTanHor nepuoga Moxe
yTMLaTh Ha UMYHUTET KOA Aele M nosesaTn ce ca ayTo-
UMYHUM Mpouecuma Ha ocTpBuuMma naHkpeaca. CTyauje
ABIS 1 DiPiS cy oTkpune noesaHocT namehy ogpeheHnx
dhakTopa cTpeca Yy XMBOTY poauTerba, NonyT pa3soga unm
OpYyrux cTpecHux gorahaja TokoMm TpygHohe vnu nepuHa-
TanHor nepuoga, n nosehaHor puauka 3a nojaBy ayToaH-
TuTena. OBa UCTpaxuBakwa Cyrepuvily Aa €MOLMOHamH
dakTopu 1 cTpecHu gorahaju Tokom TpyaHohe mory nva-
TW YTUUAj Ha pa3BOj MMYHOMOLLUKOr cuctema deTyca unm
HOBOpOheHueTa, WTO MoXe noBehaTtn pusmk og ayToumy-
HUX peakuuja Ha B-henuje naHkpeaca. Mehytum, TEDDY
CcTyauja Hyje NpoHallna noBe3aHoCT uamehy ctpeca Majke
TOKOM TpyAaHohe u pusuka of popmupama aHTUTENa Ha
B-henuvje naHkpeaca. [laHcke cTyamje cy umarne pasnuyu-
Te pesynTare, Npu Yemy je ctyavja BupknHa n capagHuka
yKasana Ha noBe3aHOCT U3MeRy aeLe Majku Koje Cy OOXN-
Berne rybutak naptHepa unu geteta n anjabeteca tuna 1,
OOK je apyra ctyguvja, beHrTcoHa u capagHuka, nokasana
camMo craby nosesaHoCT namelhy ctpeca v pusmka 3a pa-
3B0j Anjabeteca Tmna 1. [lok ce gokasu y oBoj obnacTu no-

was observed, where children of parents with the highest
education level had a lower risk of Type 1 Diabetes. In this
study, paternal education or occupation was not associat-
ed with the development of Type 1 Diabetes in childhood.
The results of these studies suggest that the relationship
between parental education and the risk of Type 1 Diabe-
tes may depend on specific socioeconomic, cultural and
other factors [3].

Considering the influence of emotional factors on the
development of the disease

Psychological stress during the perinatal period may affect
immunity in children and be associated with autoimmune
processes in pancreatic islets. The ABIS and DiPiS stud-
ies found an association between certain stress factors in
the parents’ lives, such as divorce or other stressful events
during pregnancy or the perinatal period, and an increased
risk of developing autoantibodies. These studies suggest
that emotional factors and stressful events during pregnan-
cy may have an impact on the development of the immune
system of the fetus or newborn, which may increase the
risk of autoimmune reactions to pancreatic B-cells. How-
ever, the TEDDY study found no association between ma-
ternal stress during pregnancy and the risk of pancreatic
B-cell antibodies. Danish studies have shown mixed re-
sults, with a study by Virkin et al. suggesting an association
between children of mothers who had experienced the loss
of a partner or child and Type 1 Diabetes, while another
study, by Bengtsson et al., showed only a weak associa-
tion between stress and the risk of developing Type 1 Di-
abetes. While the evidence in this area is growing, there
are still inconsistencies and limitations in the options for
intervention [3, 20-23].

Conclusion

The ability to detect gene-environment interactions is lim-
ited in most studies to date. Prospective cohort studies,
especially the TEDDY study, have contributed to the un-
derstanding of risk factors for Type 1 Diabetes, but not suf-
ficiently, indicating the need for further research into the
genetic and environmental variability of the disease in or-
der to develop adequate prevention methods. The effects
of certain risk factors may contribute to unclear research
findings; therefore, it is important to take all these factors
into consideration when interpreting study results.
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BehaBajy, 1 farbe nocToje HeaoCneaHOCTU U OrpaHnYer-a
y MoryhHocTMma nHTepBeHuuja [3, 20—-23].

3akrby4ak

MoryhHOCTN OTKpuBaHa MHTepakuuja reHa n crnosrballHe
cpeavHe cy orpaHudeHe y BehnHu gocagallmwux crtyguja.
lMpocnekTuBHE KOXOPTHE cTyaunje, Hapoumuto TEDDY cTy-
Ovja, gonpuHene cy pasyMeBawy haktopa pusunka 3a au-
jabetec Tvna 1, anu HeQoOBOIbLHO, yKasdyjyhu Ha noTpeby 3a
OarbvM UCTpaXKmnBarmeM reHeTCKe U eKornoLlke Bapujabun-
HocTu BGonecTtun kako 6u ce pasBune oagroeapajyhe metoane
npeeBeHumje. YTuuajum ogpeheHnx daktopa pusnka mory
OONPVHETN HejacHUM pesynTaTvMa MUCTpaxusara, cTora
je BaxkHO y3eTn y 063up cBe oBe (hakTope NPUNKOM MH-
TepnpeTauuje pesynTara ctyauja.
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