O6pa3zar 4.

®dakynreT dapMaleyTcKu YHUBEP3UTET V¥V BEOTPAOY
01 6poj 2260 /1-1 Behy Hayununx ob1acTu MeJUIMHCKUX HAyKa
(Bpoj 3axTeBa) (Ha3ug Beha HayuHe 06acTi KOMe ce 3axTeB ynyhyje)
10.09.2026. S3AXTEB
(Matym)

3a JaBame carjacHOCTHU Ha OJJIYKE O yCBajamy u3BelTaja Komucuje 3a oneny
JOKTOPCKE JUCepTalMje U O UMEHOBalbY KOMHUCH]E 3a 010paHy

Monumo na, cxomHo wiany 47. cr. 5. tau. 4. Craryra Yuusepsurera y beorpany ("I'macuuk Yuusepsurer", 6poj 186/15-
npeuninhienu Teket u 189/16), nate carnacHOCT Ha OTYKY O yCBajamy u3Belnraja KoMmucuje 3a olieHy JTOKTOPCKE JHcepTalyje:

KAHJUJIAT CAIbA (3OPAH) BYJUYHUR

(¥Me, UMe jeTHOT O/l POAUTEbA U IIPE3NUME)

CTYACHT NOKTOPCKUX cTyauja Ha ctyaujckom nporpamy JJOKTOPCKE AKAJEMCKE CTYAUJE, PAPMAINIEYTCKE HAVYKE,
MEJIMIIMHCKA BUOXEMHUJA

NPUjaBHUO je JJOKTOPCKY TUCEPTaIH]y MO Ha3HBOM:

LACIUTHBAILE cTenena riaodaane mertuaamuje JIHK koa 6o1ecHuKa ca THIIOM 2 qujadeTec MeJauTyca:
MOBE3aHOCT ca OMOMAPKEPUMA OKCHIATHUBHOL cTpeca, nHdJaManuje U AucaunuieMuje

W3 Hay4YHe 00IacTu: MEJIMIIMHCKA BMOXEMUWUJA

Vuusepsurer je gana 28.01.2025.roamue cBojum akroM mox 6p. 02-01 6poj 61206-271/2-25 mao carmacHocT Ha

TIPEIJIOT TeME JOKTOPCKE AUCEpTaIlije Koja je riiacuia:

LAcuTHBaILE crenena riaodaane mertuaamdje JIHK kox 0oJecHuKa ca THIIOM 2 [ujadeTec MeJauTyca:
IIOBE3AHOCT ca OMOMAPKEPHUMAa OKCHJIATHBHOI cTpeca, nHdJIaManyje ¥ JucJInnuaeMuje

Hme 1 mpe3nMe MeHTOpA . 1. lp cu. Jemena Bekwuh, pemoBHum mnpodecop, YuuBep3uter y beorpamy —
dapmarieyrcku dpaxynter (Vika HaydHa obnact: MeauIHCKa OHoXeMuja)
2. Hp cu. Mussanka BykcanoBuh, noment, YHuBep3uter y beorpany — MennunHckn
(hakyrer (Vixa HaydHa oOnact : IHTepHA MeUIIHA — €HIOKPHUHOIOTH]a)

KoMucuja 3a oLieHy TOKTOPCKE AUCEPTallMje HMEHOBaHa je Ha ceanunu oxpxkanoj 14.05.2026.ronuHe

OIITYKOM (paKyinTera mosu op. 01 6p.1059/2 , y cacTaBy:
Nwme u mpe3ume wiaHa 3Bambe Hay4YHa 00JIacT YcranoBa y K0j0j
KOMHCH]e je 3amociieH

1. Hp CII. Anekcanapa 3eJ'bKOBI/Ih, PECAOBHHU npod)ecop, YHuBep3ureT v beorpany -

®dapmaneyrcku pakynreT (Yka HaydHa o00nacT: Meaumacka OnoxeMuja)

2. JIp cn. Ana Hwunwh, pemoBHuM mnpodecop, YuuBep3uteT y beorpamy - Papmarneyrcku dhakynreT
(Yxa HaydHa o06sact: MeauimHcKa OnoxemMuja)

3. [Jp cu. HWa Ilepouh bnarojeBuh, Hayunu capagHuk, KauHWYK0-OOJHMYKHU IteHTap .. JIp Jparuina
Mumosuh —/lemume* (Yoka HaydHa o01acT: MeaunmuHcKka OnoxeMmuja)

Hamomena: ykonuko je unan Komucuje y neH3uju HaBeCTH aTyM NEH3WOHHUCAHA.



JlaTym craBibama u3Bemraja Komucuje u gokropeke aucepranuje Ha ysua jasaoctu: 18.06.2026.roaune.

HacraBHo-HayuHO Behe dakynrera ycBojuio je m3Bemraj Komucuje 3a oneHy JOKTOpPCKE QUcCepTalje HACEAHHUIM OIP>KAaHO]

JaHa 10.09.2026.roauue

Komucuja 3a on0paHy JOKTOPCKE IHCEpTallfje UMEHOBaHA je Ha ceauuiu oapxkanoj_ 14.05.2026.ronune

omnykom (akysrrera oa 6p. 01 6poj 1059/2, y cacrasy:

Nwme u pe3ume diaHa 3BabE Hay4YHa 00JIacT YcraHoBa y K0j0j
KOMHCH]e je 3arocieH

1. OIp cm. Anexcanapa 3espkoBuh, penoBHU npodecop, YHuBep3urer v beorpany - ®@apmameyrcku
daxyarer (Yxa HayuHa oOiact: Meauimacka OnoxemMija)

2. Ip cu. Ana Huuuh, penosau mpodecop, Yuusepsurer v beorpany - Papmaueyrcku dakyiarer (Yxka
HaydHa o0gacT: Meauimacka 0mnoxemuja)

3. Hp cu. Msa IlepoBuh Baarojesuh, Hayuuu capannuk, KinHuuko-0oiaHWYKHM 1teHTap . Jp Jparuuia
Mumosuh —/lequme* (Yka Hayyna obiact: Meaunuucka OnoxeMuja)

Hanomena: ykonuko je wiaH KoMucuje y meH3Mju HaBECTH AAaTyM NEH3UOHHUCAHA.

JEKAH ®AKVIITETA

Momiosu: 1 Onnyka HacraBHo-HayuyHor Beha o ycBajamy m3Bemraja Komucuje 3a olieHy JOKTOPCKE AMCEPTAIIH]je
P ) " wmomiyka o uMeHoBawy Komucuje 3a on0OpaHy TOKTOpCKe ITucepTaiuje

2. WM3Bemraj Komucuje o olieHu JOKTOPCKE TUcepTanuje

3. Tlpumenbe Ha usBeniTaj KoMmucuje o omeHu H0KTOpCKe qucepTandje (YyKOIHUKO UX je Ouio) u
Munubewe Komucuje o mpumendama

Hamomena: ®akynTer goctaBiba Y HUBEP3UTETY 3aXTEB ca MPHUIO3UMA Y eNEeKTPOHCKO] GOPMH H Y jeTHOM IMHCAHOM HPUMEPKY
3aapXuBy YHUBEpP3UTETA



YHUBEP3UTET V BEOI'PALTY
OAPMALEYTCKU ®AKVIITET
11000 - BEOI'PAL

V. Bojoae Creme 450.

01. 6poj 2260/1

10.09.2026. roaune

Ha ocnoBy wrana 28. Craryra u mpemiora Komucuje 3a MOCIEIUIUIOMCKE CTyIHje —
NoKTOpcke crynuje, HacraBHo-Haydno Behe YHuBepsutera y beorpamy — ®dapmarneyrckor
¢dakynrera Ha cemauiy oapxkanoj 10.09.2026.romune, noHENO je

ONJYKY

IMPUXBATA CE no3utuBan u3Bemnitaj Komucuje 3a oreny u o0paHy 3aBpIiieHe JOKTOPCKE
nucepranuje, KaHaumata Mar. ¢gapm. - men. omoxem. Came Byjumh mox nHacimoBowm:
HAcnuTuBame creneHa riodanne merwjaanuje AHK kox OosecHuka ca Ttumnom 2
amjaderec MeJHMTYCa: IMOBE3aHOCT ca OMOMapKepuMa OKCHJAATHBHOI  CTpeca,
uHpIaManuje U aucaunuaemMuje“ u ynyhyje Behy Hayuynux obiactu MEIUIIMHCKUX HayKa
Ha yCBajame, a 1o TI0OMjeHO] MHUCaHO0] carylaCHOCTH 0100paBa jaBHa oab0paHa npen Komucujom
y cacTaBy:

1. Ip cu. Aunekcanapa 3esbkoBuh, pemoBHH Tmpodecop, YHHBEP3UTET Y
beorpany - ®apwmarneyrcku dakynrer (Yxxa HayuyHa oOmacT: MemuiuHcKa
onoxemuja)

2. Ip cu. Ana Hwuawh, pemoBuu mpodecop, VYuHuBepsurer y beorpany -
®dapmarneyrcku dakynTeT (Yika HaydHa o0nact: MeauinHcka Onoxemuja)

3. Hp cu. HBa IlepoBuh bmarojeBuh, Hayunm capagauk, KimHUYIKO-O00THUYKA
uenrap ,,Jp Jparuma Mumosuh —/lenume™ (Yxa Hayyna obmact: MenunuHcKa
onoxemuja)

Vuusepsuret je nana 28.01.2025.roqune cBojum aktoMm Op.: 02-01 6p: 61206-271/2-25 nao
CarjacHOCT Ha MPEUIOT TeMe JOKTOPCKE JUCepTaIlHje.
Kanmunar mar. ¢gapm. - men. omoxem. Cama Byjumh, objaBmiia je pesynrate U3 oBe
JOKTOPCKE TUcepTalrje y ABa paaa kareropuje M21 y melhynapoanum gaconucuma ca CLIU
JHCTE:

1. Vujci¢ S, Kotur-Stevuljevic J, Veki¢ J, Perovi¢-Blagojevi¢ 1, Stefanovi¢ T, Ili¢-
Mijailovi¢ S, Koprivica Uzelac B, Bosi¢ S, Antoni¢ T, Guzonji¢ A, Mastilovi¢
AM, Markovi¢ Z, Rizzo
M. Oxidative Stress and Inflammatory Biomarkers in Patients with Diabetic Foot.
Medicina (Kaunas) 2022; 58(12):1866; DOI: 10.3390/medicina58121866.

IF(2022) = 2,6; Medicine, General & Internal (91/328) M21

2.Vujcic S, Kotur-Stevuljevic J, Vujcic Z, Stojanovic S, Beljic Zivkovic T, Vuksanovic
M, Marjanovic Petkovic M, Perovic Blagojevic I, Koprivica-Uzelac B, llic-
Mijailovic S, Rizzo M, Zeljkovic A, Stefanovic T, Bosic S, Vekic J. Global DNA



Methylation in Poorly Controlled Type 2 Diabetes Mellitus: Association with Redox
and Inflammatory Biomarkers. Int J Mol Sci 2025; 26(14):6716; DOI:
10.3390/ijms26146716.

IF(2024) = 4,9; Biochemistry & Molecular Biology (72/320) M21

Onnyky MOCTaBUTH. KaHIHMIATY, YHHUBEP3UTETY, WIAHOBHMMA KOMHCH]jE, JIEKaHy, CEKpeTapy,
IpoJIeKaHy 3a IocieAuIuioMcke cryauje, OjceKky 3a HAacTaBy M CTYACHTCKA IHTama,
menropuma (IIpod. ap Jenenu Bekuh u Jou. ap Mussanku Bykcanosuh), Onceky 3a npaBHe
U OIIITE MOCJIOBE, MOCIOBHOM CEKpeTapy, npeaceaHuky Komucuje 3a mocieauruiomMcke
crynuje — nokropeke cryauje (IIpod. ap bubana AntonujeBuh) u apxusHw.

MPEJACETHUK
HACTABHO-HAYYHOT BERA
®APMALEYTCKOT
®AKYJITETA

IIpo¢. ip Harama borasan
CranojeBuh



HACTABHO-HAYYHOM BERY
YHUBEP3UTETA ¥ BEOI'PALY — PAPMAILIEYTCKOI' ®AKYJITETA

Ha cenxnuun Hacrapno-nayunor Beha ®apmaueyrckor dakynrera, oapxanoj 14.05.2026.
umeHoBaHa je Komucuja 3a oueny u oabpaHy 3aBplieHe NOKTOPCKE AMCEpTallije MO0j HAa3UBOM
SAcnuTuBame creneda riuodanne merniaanuje JHK koa Gonecunka ca tunom 2 aujaderec
MEJHMTYyCa: [MOBe3aHOCT ca OHoMapKepuMa OKCHAATHBHOI cTpeca, HHpJIamauuje H
aucannuaemuje”, maructpa Qapmauuje — MeauuuHckor Ouoxemmuapa Came Byjuuh,
aoxkrtopanaa Ha Kareapu 3a MeiuuMHCKY Onoxemujy, y ciaeaehem cacrtasy:

1. Mp cu. Anexkcanapa 3esbkoBuh, penoHu npodecop, YHusepszuter y beorpamy —
@apmaueytcku dakynrer, npeaceanuk Komucuje (Yxa HayyHa obmact: MenuuuHCKa
Guoxemuja)

2. [p cu. Ana Hunuh, penosuu npodecop, Yuusepsurer y beorpagy — ®@apmaueyTcku
daxynrer (Yxa HayyHa obnact: MeauiuHcka Onoxemuja)

3. [Hp cu. Mea Ileposuh bnarojesuh, Hayunu capagHuk, KimHudko-001HUYKY LeHTap ,,JAp
Hparuina Muwosuh — deaumwe™ (Yika HayuHa obacT: MeauuuHcKa GHoxeMmuja)

MenTopu 10KTOpCKe AucepaLuje cy:
1. [Jp cu. Jenena Bekuh, penoBumn npodecop, YHusepsurer y beorpagy — ®@apmaueyTcku
dakynter (Yxka Hayuna obnact: Meauuncka Onoxemuja)
2. Jp cu. Mwmpanka Bykcanoeuh, pouent, YHusep3uter y beorpamy — MeauumHcku
daxynrer (Yxa nayyna obmact: MHTepHa MeauLIMHa — €HJOKPUHOIOTH]a)

UnanoBu Komucuje cy mnpernefand NpUIoKeHy Auceprauujy v nojnoce HacraBno-HayuHOM
sehy @apmaneytekor dakyntera ciaeaehu:

U3BEINITAJ
A. Caapskaj 1OKTOpPcKe AHCepTaLHje

JlokTopcKa auceprauuja Harucaxa je Ha 163 ctpane, caapiku 63 tabene, 32 ciuke u 370
nutepaTypHux HaBoja. Campskaj AucepTaupje TOJe/beH je Ha TNornasba: YBoi, LlusbeBu
veTpaxuBama, Marepujan u Meroze, Pesynraru, [luckycuja, 3akpyduu u Pedepenue.

Y YBoay aucepTaluje ONMCaH je jaBHO-3[paBCTBEHH 3Hauaj TUna 2 jujaberec MenuTyca
(T2IM), yxkbyuyjyhu akrope pusuka 3a pasBoj, eNMAEMMOJIOLIKE MOJATKE WU AeTa/baH ONMUC
ervonatoreHese. Ilocefan OCBPT JaT je Ha KIMHMYKM NpoduI M MeXaHM3aM pasBoja
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MHKpPOBAcKy1apHUX Kommuvkauuja: aujaberecHe Hedponaruje (JAH®), perunonaruje ([IP),
ueyponaruje (JIH) u cunapoma aujaGerecHor cronana (/IC), kao M Ha KIMHHYKH npodun
MaKpoBacKyIapHUX KOMIUIMKaLuja, ca aKUeHTOM Ha kapauosackyiapue Gosectu (KBb), koje
npescTaBbajy Bojehn y3pok MopOuauTeTa U MopTanauTeTa Koj nauujenara ca T2/IM. 3atum cy
NIeTa/bHO Pa3sMOTPEHH CaBpPeMeHM KOHLENTH KOju oOjammaBajy yJIory OKCHAATHBHOI CTpeca,
KpajHX MPOJYKATa HEEH3UMCKE MIIMKaLuje, MH(IaMalije HUCKOT CTENeHa N AUCIUIuIeMH]e Y
pasBoOjy KOMIUIMKalMja. Y HacTaBKy je 00pasiokeHa yjora enMreHeTCKUX Moaudukauuja, a
3aTUM Cy J€Ta/bHO ONMCaHu MeXaHu3aM M 3Hauaj Mmertunauuje JIHK, kao u koHuent
MeTabonMuKe MeMOpHje, KOjU TIpy)Ka OKBHMp 32 pasyMeBame JyropouyHHX MOCIeanla
HeajeKkBaTHe MeTabonuuke KoHTpone. Ha kpajy, mar je mpernie]l caBpeMEHHX METOJOJOLIKHX
npUCTyNa y aHanusu riaobanHe n qudepenuujanae metunamuje JTHK.

HakoH yBOJAHOT Mperieaa AuTepaType, jacHO ¢y AeUHHUCAHM MpPEAMET UCTpaKnBaba
un/beBH aucepraumje. Tlpsu Wb OBe aucepTaiuje 6uo je ysoheme v onTMMU3aLMja METONE
BHcokoeduKacHe TeuHe xpomarorpaduje ca (OTOAMOAHOM JeTeKuMjoM (eHri. ultra-high
performance liquid chromatography with diode array detection, UHPLC-DAD) 3a
kBaHTHUKaumjy S-mertunumurosuna (5mC) y JIHK wusonosanoj u3 MoHoHykneapHux henuja
nepudepue kpBu (enrn. peripheral blood mononuclear cells, PBMC). Hapennu uubeBn
OJJHOCHIIM CY CE Ha MCTIMTHBAkLE pasiuKe y crerneHy riaobanne metunaumje JIHK, napamerpuma
pefoKe craryca, WHGIAMAaTOPHMM MapKepuMa M JIMIONPOTEMHCKOM mpoduny wusmely
nanujenara ca T2JIM M 31paBUX KCTIMTAHMKA, KaO M Ha €Bajlyald]y FHUXOBE mehycobne
noBezaHocTd. JofaTHM LM/b OMO je MCHMTMBAKE pasiuKe y HapelJeHuM OuoMapkepuma y
3aBHCHOCTH OJ] TIPMCYCTBA XPOHMYHMX KOMIUTHKALMja, Te yTBphUBame KapaMOMeTaboInIKuX
dakTopa pu3nKa Koju yTHUy Ha crenieH rnobante metunauuje JIHK kox nauujenara ca T2/IM.

V nornasiry MaTtepujaa U MeTojle ONKMCAHE Cy KapaKTePHCTUKe MCTIMTHBAHUX rpymna,
MpUMemeHY  OHOJIOIKM MATepUjald, aHATMTHYKE MeTOJe M CTaTMCTMYKM TecToBW. VY
ueTpakuBame je ykibyueHo 107 naumjenara ca T2[IM w3 Tpu 3ApaBCTBEHE YCTaHOBE:
Kinuuuko-60MHMYKOr LeHTpa ,,3Be3gapa”, Kimnnuko-6onnuukor uentpa ,Jp [paruiua
Mumosuhi — Jlequme” u Onmre 6onnuue y Toxkapesuy. Kontponna rpyna (KI') ¢opmupana je
o1 56 3apaBux noOpoBosbaua. CBM MALMjEHTH WMamM Cy NPETXOAHO TOTBPhEHY AMjarHo3y
T2IM. Kputepujymu 3a HCK/byuHBame Ouiym Cy: MNPUCYCTBO ayTOMMYHCKUX, MAJIMIHUX H
XeMaToNoOLWIKUX 000/beHa, Tellka OyOpeskHa HHCYy(uuMjeHLM]ja, OOnecTH jeTpe, aKyTHa
undamMaTopHa obosbera, akTyenHa wid npenexana COVID-19 wudexumja. [lemorpadeku
Mojaly MPUKYIUBEHH Cy IMyTeM YNUTHUKA, a KIMHUYKM mojai Ao0MjeHH OJl HaJJeKHHX
nekapa.

VcTpakiBarme je MIaHMpaHo ¥ CHpoBeeHO momTyjyhn eTuuke npuHumne XencHHIIKe
JeKnapalyje, a CBM yYeCHHLM Aamu ¢y A00pOBOBHM NMMCAHW MH(POPMUCAHY TPHUCTAHAK HAKOH
yIO3HABaMA C LU/BEBMMA U TIPOTOKOJIOM HCTpakuBarba. McTpaskusame je 0100peHo ol cTpaHe
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HaaekHuX ETnukux opbopa cBHX yKJ/bYYEHMX 34paBCTBEHUX ycraHoBa: KinMHHUKO-00NMHUYKOT
ueHTpa ,,3sesgapa” (ommyka ox 15.10.2020.), Knunuuxo-6onuuukor uentpa ,/Jp Mparuia
Mumosuh — Jleaume™ (opnyka Op. 01-5656/24, om 24.04.2019.) u Onwre OGoaHuue y
IToxapeBuy (oanyka Op. 7190/2020 onp 30.12.2020.), xao u Ertnmuxor kKomuTera 3a
OnoMenMUMHCKa HCTpakMBama YHuBepsutera y beorpany — ®apmaneyrckor ¢akynrera
(omnyka 6p. 2566/3 on 19.11.2024.).

Kao 6uonomku Matepujan kopuiuhena je nmyHa BeHcKa KpB, U3 KOje Cy M3IIBOJEHU CEpyM,
nnasma 1 PBMC. Ceum ucnutanuuuma ojpeheHu cy napameTpd MeTabojauuke KOHTpoJe:
KOHLEHTpalKja TIIyKo3e CTaHAapJHOM €H3MMCKOM METOJOM, yaeo raukoxemornobuna (HbAjc)
UMYHOTYpOMIMMETPHjCKOM METOOM, T€ KOHLEHTpauuja KpajikuX NpoJyKaTa y3HalpeaoBale
rmvikauuje (eHrn. advanced glycation end-products, AGE) cnekTpodyopuMeTpujcKoM
meronom. KoHueHTpauuje yKynHUX npoTerHa, andymMuHa, ypee U KpeaTHHUHaA cy oxpeljuBaHe
KOMEpLMjaTHHM TECTOBHMA Ha ayTOMaTCKOM aHaJIM3aTopy.

[TapameTpu penokc cratyca oapeheHH Cy ONTHMMH30BAHUM CHEKTPOPOTOMETPH|CKUM
METO/laMa Ha ayTOMaTcKoM OMOXEMHjCKOM aHanu3atopy M o0yXBaTtaiu Cy MPOOKCHIATHBHE
fuomapkepe: NpojyKTe y3HAmpeaoBajle OKCHAalMje npoTteuHa (eHr. advanced oxidation
protein products, AOPP), TotanHu okcunatueHu cratyc (eHrn. fotal oxidant status, TOS),
MPOOKCHIATUBHO-aHTHOKCHAATUBHU OanaHc (eHrn. prooxidant-antioxidant balance, PAB),
ucxemujom  mMoauduxoBaH  anOymuH  (eHrn.  ischemia-modified — albumin, IMA) n
manonananaexua (eurn. malondialdehyde, MDA), kao u Ouomapkepe AaHTHOKCHAATHBHE
3alliTUTe: aKTUBHOCT €H3MMa MapaokcoHase | (eHri. paraoxonase I, PONI) u cynepokcui-
nucMyTase (eHri. superoxide dismutase, SOD), TOTalHU aHTUOKCUJIATUBHHU cTaTyc (eHrI. fotal
antioxidant status, TAS) n ykynue cyndxuapunse rpyne (edrn. sulfhydryl groups, SH-rpyne).

On 6uomapkepa cucremcke undnamaumje oapehusana je konueHTpanuja C-peakTHBHOT
NPOTENHA UMYHOTYPOUAUMETPHJCKOM METO/J0M BUCOKE OCET/LUBOCTH (eHIII. high-sensitivity C-
reactive protein, hsCRP) Ha 6MOXeMH|CKOM aHa/lU3aTopy U NnapameTpyd KOMIUIETHE KPBHE CIIMKe
HA ayTOMaTCKOM XeMaTo/IoLKOM aHanusaropy. Ha ocHoBy anconyTHux OpojeBa NeyKOLUMTHHX
cybnonynauuja u ykynHor Opoja TpomOouMTa W3pauyyHaT je TaHel KOMITO3HTHHX
vH}pAamMaTopHux uHAeKca: oaHoc Opoja HeyTpoduma u numdouuta (eHrn. neutrophil-to-
lymphocyte ratio, NLR), oanoc Opoja HeyTpoduna u ykynHor Opoja neykouura (eHII.
neutrophil-to-white blood cell ratio, NWR), oaHoc Gpoja mMoHouuta ¥ numdouurta (€HII.
monocyte-to-lymphocyte ratio, MLR), ogHoc Opoja MOHOLUMTa M YKynHor Opoja JIeyKOUMTa
(enrn. monocyte-to-white blood cell ratio, MWR), ogxoc 6poja numdouura U ykynHor Gpoja
neykouurta (eHri. lymphocyte-to-white blood cell ratio, LWR), xao u ofHoc 6poja TpoMOoOLKTa U
mamdounra (eHrn. platelet-to-lymphocyte ratio, PLR). Hamame, onpeheHn cy uHIEKC
cHCTeMCKOT MH(IaMaTopHOT oAroBopa (eHri. systemic inflammation response index, SIRI), kao
yMHO¥ak Gpoja HeyTpoduaa U MOHOLMTA MOje/keH OpojeM NMMQOLNTA, CUCTEMCKH MMYHO-
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MHQIAMaTOPHU WHAEKC (eHII. systemic immune-inflammation index, SII), kao ymHoxak Gpoja
Tpombounta M Opoja HeyTpodmia noxmesbeH Opojem numdoumTa U CcBeoOYXBaTHA HMYHO-
vH(pIaMaTopHa BPeAHOCT, (GHIN. pan-immune-inflammation value, PIV) xao ymHOXkak Gpoja
HeyTpoduia, TpoMboLMTa M MOHOLIMTA NoAesbeH Opojem aumdouuTa,

Opn nunuaHux napametapa oipelieHe Cy KOHLEHTpauuje YKYIHOT XojecTepona (eHr.
total cholesterol, TC), xonecreposa y IUNONPOTEMHMMA BHUCOKe rycTune (eurn. high-density
lipoprotein cholesterol, HDL-h) w tpurnvuepuna (eurn. triglycerides, TG) cTaHpapaHum
€H3UMCKMUM MeETojJlaMa Ha ayTomarckoMm OuoxemujckoM aHanmsatopy. KoHueHtpauuja
X0JIECTeposia y NUITONIPOTEMHMMa HUCKE TycTuHe (eHri. low-density lipoprotein cholesterol,
LDL-h) n3pauynara je Friedewald-oBom jepHaunHom, a non-HDL-h w3 pa3ivke KOHIEHTpaluja
ykynHor ¥ HDL-h. AKTHBHOCTM neuMTUH-XONecTepon auunrpaHchepase (eurn. lecithin-
cholesterol acyltransferase, LCAT) wn Xonecrepoi-ectap TpaHchepHOr MpoTerHa (EHII.
cholesteryl ester transfer protein, CETP) onpeljene cy KMHETHUKMM METOJaMa 3aCHOBAHUM Ha
npahewy KuHeTuke ecTepuduKauMje XolecTeposa M eroBor TpaHchepa usmely
manonpoTenHekux vectuua. Pacnonena LDL u HDL cyb6dpakiuuja aHanMs3upaHa je METOLOM
BEpTHKAIHE e/eKTpodopese Ha HeaeHaTypuwyhem rpaaujent (3-31%) reay monmakpuiaMuza.
Osom meToa0M Cy oapeheHu AujameTpy u penatuBHu yaenu uetupu LDL (LDL 1, II, Il w IV) n
ner HDL cy6odpakuuja (HDL2b,2a,3a,3b u 3c).

OnpebhuBame crenena rnobanne merunammje JTHK, uspaxene kao yneo 5mC'y yKynHOM
uurosuny JIHK, obyxsarano je 5 dasa: nzonosamwe PBMC U3 NeyKOUUTHOT C/0ja, €KCTPAKLIH]y
redomcke JIHK, nposepy wnrterpumrera u kpantuduxanujy HK, eH3uUMCKy Xuaponusy
MpUMEHOM KoMmepuujainHor komnnekca DNA Degradase Plus™, te camy kBaHTHUKaujy SmC
u 2'-peokcuuuruauna (dC) ontumuzosaiom UHPLC-DAD metonoMm.

CraTtucTiuka aHanmsa crposejieHa je y codreepekom nakety PASW Statistics 18 (PASW
Statistics, Ynkaro, CAJI), npn HUBOY cTaTHCTHYKe 3HadajHOCTH p<0,05. Hopmanuoct pacrozene
KOHTHHYWpaHUX Bapujabnu mpouewmeHa je Shapiro-Wilk tectom. 3a aHanusupame pas/iHKa
m3mel)y mocmarpanmx rpyna kopuuhen je Student-oB t-tect wnu Mann-Whitney U Tecr,
OJHOCHO jeaHo(daKTopcKa aHanusa Bapujance (eHri. analysis of variance, ANOVA) wnn Kruskal-
Wallis Tect, y 3aBUCHOCTH 0] TMNa pacriojene noaaTaka. Kateropuuke Bapujablie aHanu3upaHe
cy Chi-xazpar tectoM u Fisher-oBum Tectom. Kopenauuje usmely Bapujabnu aHanusupane cy
Spearman-0BOM KOPEIaLMOHOM aHAIM30M. 3a UCTIUTHBaHE MOBE3aHOCTH M3Mel)y aHanu3upaHux
napamerapa xopumiheHa je My/JITMBapHjaHTHA JIMHEapHA perpecuoHa ananuza. J{ujarHoctuyka
TA4YHOCT ¥ MCKPHUMHHATHBHA CMIOCOOHOCT NnapameTapa 1 Mojena npouemheHe ¢y aHanusom ROC
KpuBe (EHII. receiver operating characteristic), Ipu yeMy Cy BPEJHOCTH MOBPLIMHE MCIIOA
KpuBe (eHrn. area under the curve, AUC) wuntepnperupane npema Hosmer-Lemeshow
KpuTepujymuma. AHaNU30M TJIaBHUX KOMIIOHeHTH (eHri. principal component analysis, PCA)



CKCTpaxoBaHH CYy (lJaKTOpPI, quaje MNOBE3aHOCT Ca XI/II'[OMGTHJ'I&LIH‘}OM F€HOMCKE ,HHK HCIHUTaHa
[IPHMCHOM 6unapHe JIOTUCTHYKE PErpeCHOHE aHallU3e.

V npsom jeny noriasba PesyataTu aetasHo je onucana ontumuszaumja UHPLC-DAD
MeToAe. AHanu3upaHu cy napamerpu uHrerpurera u uucrohe reHomcke JIHK, naBenenm cy
ONTHMH30BaHK YCJOBM EH3MMCKE Xuaposnuse y norneay ogHoca ensuma u JIHK, Bpemena u
Temrneparype uHKyOauuje. Ilpukasanu ¢y mapameTpu Banujaudje Merofe: YTBpheHH NMMHUTH
feTeknuje W KBaHTU(UKALMje, NPEUU3HOCT YHyTap M H3Mel)y cepuja, CENEKTHBHOCT M
cneumduunoct merone. [IpeacrasibeHe cy oarosapajyhe kanuOpauuoHe KpUBE M pe3y/TaTH
aHanuse crenexa riobanne merunaumje JJHK y peanuum ysopuuma.

V HacTaBKy cy npuKasaHe aemorpadcke ¥ KIMHMUYKe KapakTepucTuke nauujesara u KI,
y3 aHANM3y pas/ivka y GHOXeMHjCKUM U XeMaTosolkum napamerpuma usmely rpyna. Takohe cy
AHATM3UPAHM TEPAINHUjCKH MPUCTYMH M YYECTaNoCT XPOHUYHUX KOMIUIMKALMja Y MCIHUTHBAHO)
rpynu maumjerata ca T2JIM. [lotom cy aHanusupanu napameTpu MeTaboNMyKe KOHTpOIIE,
peoKe cTaTyca, XpoHnuHe uHaamaiuje 1 aunuaHor npoduna y obe rpyrne ucnuTaHuKa.

YV HapeaHoM neny Tornae/ba PesynrtaTu npukasaHa je aHanusza cTeneHa riobaiHe
metunaunje JIHK koa maumjenara ca T2IM u KTI', Te ucnurana meHa BapujabUIHOCT yHYTap
T2JIM rpyne y oaHocy Ha noJ, uhaekce tenecue mace (MTM), Tpajamwe T2JIM, nymavku craryc,
TMPUCYCTBO apTEPUjCKe XMMEPTEH3U]e, MOCTUTHYTY MeTaboIMyuKy KOHTPOMy, JIMITUIHM CTaTyC u
npuMemeHy Tepamnujy. KopenannoHOM aHalu30M HCMMTAaHA j€ MOBE3aHOCT CTeneHa riodaiHe
merunaunje JJHK ca memorpadckum M KIMHMYKHAM KapakTepucTHKama (cTapocT, o0uM CTpyka,
WUTM, cucTo/HM ¥ [MjaCTONHM MPHTHCAK), KA0 M ca MapamMeTpuma MeTaboIM4Ke KOHTpOJIE,
peloKe cTaTyca, nHdaamaluje v TMnUAHOr npoduna.

VYV cnenehem onesbKy NpuKasaHd Cy pe3yJaTaTH aHaliu3e MapaMmerapa MeTaboiuyke
KOHTpOJIE, pefoKe cTaryca, uHdaamauuje W IMOMAHOT Npoduaa y 3aBUCHOCTH OJ1 MPUCYCTBA
nojeAMHaYHUX XpoHMuYHUX Kommimkauuja T2JIM (KBb, TH®, JIP, IH n JIC). Takobhe cy
MpUKA3aHW pPEe3YJITATH KOpEeNallMoHe aHajin3e, Kao M TpOLEeHe [UjarHOCTHYKE TayHOCTH
WCTIMTUBAHMX Tlapamerapa y npeasulary cBake 01 HaBEECHUX KOMIUTMKALM)a.

3aTuM Cy MpUKa3aHu pe3y/ITaTh aHanuse crerneHa riodanne metunaumje JHK y ognocy
Ha MPUCYCTBO TOjefAMHAYHMX KomruiMkauuja T2JIM, Kao M AMjarHOCTHYKA TauyHOCT OBOT
enureHeTckor GMomapkepa y wuxoBom npeasuharmy. Takohe Cy feTa/bHO NPUKa3aHU pe3ynTaTi
KOpenalloHe aHaause, Koju omoryhasajy carnejasame [0BE3aHOCTH Ilapamerapa peiokc
cratyca, uH(naMalyje ¥ OUCIUNUAeMUje ca cTerneHoM riaobanne merunauuje JTHK ywyrtap
CBaKe rpyre nauujeHara ca KOMIIMKalmjama.

HanocneTky cy npykasanu pesyirati PCA ananuse Koja je omoryhuna uaeHTHdHKaLujy
KapauomeraboNMYKuX (pakTopa pu3MKa ca 3HAYajHAM YTHL@jeM Ha cTened riodanHe
meTunauuje JTHK.



Y nornapmy JucKycuja cBeoOyXBaTHO Cy pa3MOTpEHM 100MjeHH pe3yNTaTH y CBETIY
AKTYE/THUX JTMTEpaTypPHHUX HA/A3a, HAKOH Yera Cy M3BeJeHH oarosapajyiin 3ak/byymm.

B. Onuc go0ujeHnx pe3yarara

Y OKBHpY OBe JOKTOPCKE AMCEpTaluje yBeieHa je M ONTMMHU30BaHa peBep3HO-(asHa
UHPLC-DAD wmetoma 3a ompeljusame crenexa riobanne merwmanuje JIHK. YV oxHocy Ha
fMoNasHy MeTOAy ONMCAaHy Yy JMTepaTypd, MOAM(HMKALMjoM Xpomarorpadckux ycnosa
MOCTUTHYTO je ckpahele aHaIMTHYKOr LMKIyca. [IpeTXoiHO je ONTHMHM30BaH M TIOCTYMAK
mpunpeMe y3opka, Koju je oOyXBaTHO TpOTOKon Hsonmaumje PBMC u ycnoBe eH3UMCKe
xuaponuse, yKbydyjyhn onnoc ensumckor komruiekea u JIHK, speme uHKyGauuje u noTpedHy
kommumny JIHK mo ysopky. Banupaumja UHPLC-DAD meTofe je CrpoBefieHa y CKiady ca
MelyHapOIHNM CMepHULIaMa, TIPH YeMy je TIOCTHTHYTa ONTHMAlHa JMHeapHOCT. CeleKTHBHOCT
U crenuduuHOCT NoTBpljeHe Cy MOTMYHMM pasjiBajameM CBHX ne3okcupuboHykneosiaa [IHK u
AHAM30M ClIeKTpaiHe uncTolie MMKOBA, JIOK je NMPELM3HOCT MEeTo/e NOoKa3aHa KOehHULMjeHTOM
BapHjaumje < 5% 3a peTeHIMOHA BpeMeHa U nospuimHe nukosa. Ha ocHoBy yTBpHEHUX JTUMHUTA
neTekumje M KsaHTH(ukauuje notsphena je oxrosapajyha OCeT/bMBOCT M KIMHHMYKA
MPUMEH/EUBOCT METOJIE.

Ananusa gemMorpackux KapakTepucTHKa je mokasasna Belly 3aCTyN/beHOCT MyIIKapala,
CTAapMjUX M TOja3HMX UCTIMTAHKMKA, KAO W Myliaua y rpyny nauujenara ca T2JIM y oxmocy Ha
KI. TNMaumjeHTH Cy MMand 3HAuYajHO BHUINE KOHLEHTpaLMje ypee, MOKpafiHe KHCEIHHE H
KpeaTHHHMHa, Y3 HIDKE BPEJHOCTH jauyuHe riomepynapue Quirpauuje, Kao u nosehan Gpoj
NeyKoluTa, HeyTpoduna ¥ MoHouuTa. MeujaHa Tpajama 601eCTH H3HOCHIIA je 10 roauna, a
peliMHA TIALMjeHaTa UMaNa je HeaJeKBaTHy MeTaGoIMuKy KOHTPOJTY M Kao Tepamnujy KOpuCTHia
MeTOpPMUH /WM MHCYJMH, AOK je Mamwu Opoj kopucruo SGLT2 (eHrm. sodium/glucose
cotransporter 2) u DPP4 (eurn. dipeptidyl peptidase-4) naxuburope, Kao ¥ CTaTHHE. Amnanuza
YYECTAOCTH XPOHMYHMX KOMIUIMKALWja MOKa3ana je HajMame jeJaH OOJIMK BacKylapHOT
omTehiema kon npubawkHO e TpehuHe mauujeHara u Behy y4ecTaloOCT MHUKPOBACKYTAapHHUX
kommkapja. Hajsactynsbennja kommukauuja ouna je JIH (47,7%) npahesa IH® (15,9%) u
JIP (7,5%), nox je yuecranoct cunapoma JIC uznocuna 23,4%.

[MaumjeHTH Cy MManM 3HA4YajHO HIDKe KoHueHTpauuje HDL-h, a Buue KOHIIEHTpaLuje
TG. WUako ¢y xouuentpauuje 7C, LDL-h u non-HDL-h 6une uwxe Hero y KI', cera 10,3%
TanyjeHaTa JO0CTUIVIO je LbHY KoHLeHTpauujy LDL-h < 1.4 mmol/L. Huje 610 pasivke y
aktuHocTH ensuma LCAT w CETP. Amnanusa aunonpoteuHcknx cyGdpakuuja y rpynd ca
T2JIM ykasana je Ha noBosbHuju npodun LDL dectuua (sehu yneo LDL I'n II, a Mamy yaeo
LDL III w IV), y3 HenososbHUju mipodun HDL uvecTdua, ca CMambeHUM YNEIOM HDL2b n
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JOMHUHALM|OM MawuX, rymhux cybdpaxuuja. [Nopen Tora, nmauujeHTH Cy MMaiu 3Ha4ajHO BHIIE
BPEHOCTU NMPOOKCHIATHBHUX Napametapa 10S, PAB, IM4 n AOPP, y3 3HauajHO CHMKeHe
fMapaMerape aHTHOKCHaatuBHe 3awTure PONI, TAS n SH-rpyne. Takohe cy 3abenexeHe u
3Ha4ajHO BHINE KOHUeHTpauuje AsCRP u BpepHocTH MH(namMaTopHUX HHzekca NLR, MLR,
MWR, SII, SIRI n PIV, y3 umxe speanoctu LWR unpekca.

Llentpantn Hanas OBOr WCTpakMBama MpPEACTABbA 3HAYAJHO CMAMEHE CTereHa
rnobanne metunanmje JJHK koa manwmjenara ca T2JIM. Haname, ananusa je mokasama na je
jenuHo Tpajame Gosnectu ayxke ox 10 roauHa uMaio 3Ha4ajaH yTULA] Ha CTEleH MeTH/IaLuje
JHK, nok ocrann nenutuBanu AeMorpadckd M KAMHMYKK (aKTOPH HUCY MOKA3AMH 3HayajHy
nosesaHoct. [JlonarHo, yrephena je HeratuBHa Kopenauwja yaena SmC ca KOHLIEHTpalyjama
hsCRP w Bpeanoctnma PLR, a o3suTuBHa Kopenaumja ca koHuentpauujama TOS, TAS, AOPP u
IG. V KI' yneo 5mC je mosutnBHO kopemupao ca ynpenoMm HbAj, HDL2b u LDL IV
cybtpakuyja, a neratusHO ca aktuHowhy CETP u kouuentpatujom TOS.

Y HacTaBKy je MCNMTaH yTHLA] XPOHHYHMX KOMIUIMKAlMja Ha BPEJHOCTH Napamerapa
MeTabonnyKe KOHTpONE, PeloKe cratyca, WHIamaimje u aucnauraemuje. Ilopen Tora,
CMIpOBE/ICHa je KopellauMoHa aHalli3a HCTINTHBAHNX NapaMeTapa, Kao 1 aHalu3a JMjarHOCTHYKE
TaYHOCTH 0f1abpaHNX MapameTapa 3a CBaKy OJ MOjeAMHAYHUX KOMILUKaumja. V onHocy Ha KT,
Kon nauujenara ca KBB, JIH®, JIP, JH u JIC KOH3HCTEHTHO ce yodaBao nopemehaj
MeTabo/MuKe KOHTPOJie, M3PAXKEH peloKe AncOanaHc M rMojayaHa CHCTEMCKa uHpramauyja.
Jlummarn npodun je y BehuHu rpyna Guo okapakTepucaH CHUKEHUM KoHUeHTpauujama 7C,
LDL-h, HDL-h n non-HDL-h, y3 nosehamwe konuentpaumje TG. Ilopes Tora, youeHe cy
3HauajHe MPOMeHe y NpoQuITy TUIONPOTEHHCKUX cy6dpakuumja, Koje Cy ce orexase y CMamemy
mvjamerpa HDL wectvua u yaena Behinx, areponpoteKTuBHux HDL2b cy6dpakuuja, ys3
nomepame IUCTpnOyumje ka mMamuM W rymhum HDL uectunama. McroBpemeHo, HpoMeHe y
pacnonemn LDL cyGdpakuuja ykasusasie cy Ha cMarbeH y1e0 Manux ryctux LDL yectuua (eHr.
small dense LDL, sdLDL). Ynpkoc GpojHMM 3ajelHHUKMM OBeNeKjuMa, [0jeIHHAYHE
kommmnkaupje T2JIM  ucnobune cy u cneuuduuHe KapakTepHCTHKe. Konkperno, kon
nauujenara ca KBb 3abenexena je uspakeHa okcuaaTHBHa u “H{pIaMaTOpHa aKTUBHOCT, IpH
yemy cy hsCRP, AOPP v TOS w3aBojeHH Kao HajNoy3/[aHuju NpeMKTOpH OBe KOMILIMKauuje. ¥
cyuajy JH®, naj6osmy amckpumuHaTHBHY crocoGHoCT nokasamn cy AOPP wu hsCRP.
[Tpucycrso [IP je 6uio nosesano ca uspaxenujum nosehawem AGE y 0aHOCY Ha nauujeHte 6e3
OBE KOMIIMKalWje, a Kao Hajnoys3faHuju Mapkep 3a mnpeasubame P usgsojen je AOPP. Kon
manpjenara ca JIH yTtephena je 3nauajuo nmka axrtusHoct CETP y oamocy na KI', kao u
nomepawe auctpudbyumje DL cyGpakumja ka Behum yectnuama y nopehemy ca nauujestiama
0e3 oBe KOMIUIMKaLMje. AHau3a JMjarHOCTHYKe Ta4HOCTH w3aBojuna je hsCRP u AOPP xao
HajIioy3nanurje Guomapkepe 3a npensubare [{H. Hajuspaxenuje npomene 3abernexene cy Ko
manpjenara ca JIC, rae cy nosuieHe Bpegnoctd NLR u PAB uieHTHOUKOBAHE KAO HE3aBHCHY
NPEIMKTOPH OBE KOMILIMKALM]E, 0K je HHXoBa KOMOWHOBAaHA NMpUMEHa Y MOJENY IONATHO
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yHanpeaunaa aujardoctuyky tayHoct npeasuhama JIC. Kopenanyona ananusa je nokasana jia y
CBaKoj rpynM ca KOMIUIMKalMjamMa T[OCTOjU 3Ha4yajHa mnoBe3aHocT u3Mely mnapamerapa
OKCHIATUBHOr CTpeca, MH(raMalyje WM JUNMAHOr CTaTyca, WTO YyKasyje Ha mehycoOmy
MOBE3aHOCT HABEJEHUX MPOLEca TOKOM pa3Boja KOMILTMKALM]a.

Ananuza crenena rnobanne merunauumje JIHK y oaHocy Ha npucycTBO XpPOHHUYHHX
KOMILTHKALHja mokasana je u3paxeHy xunomerunauujy JIHK koa cBuX rpyma nauujeHara ca
KoMmTMKaljama y mopehemy ca KI', ocuM kon naumjenara ca JIP. Mehyco6no mnopeheme
nanujeHara ca u 6e3 nojeAMHa4YHUX KOMIIMKALMja HHje TOKAa3an0 3Ha4YajHe pas/IuKe y CTereHy
rnobanne metunanuje JHK, usyses ko cunapoma JIC, rae je yTBphieH 3HauajHO HHKHM YIIEO
5mC y omHocy Ha mauujeHte Ge3 oBe komiuikkauudje. KopenalmoHa aHanmsa ykasana je Ha
[0CNeHY HEraTHBHY MOBE3aHOCT creneHa rnobanHe merunauuje JJHK ca Bpennoctima PAB y
CBUM rpynama nauujeHara ca Kommiukaiujama. OciM Tora, youeHe Cy 3HauajHe Kopeiauuje
usmely crenena merunauuje JJHK u napamerapa pegokc craryca, nHQIaMaumje M JUMHIHOT
npoduna, Koje cy Guie Hajuspaxenuje koa nauujenara ca JIC u JIH. Hajsehn Opoj 3nauajuux
Kopenauuja 3abenexxken je y rpynu ca JIC, rie je HUXKM cTeleH MeTunauuje OMo mnosesaH ca
M3paKEHN]MM OKCHIATMBHHUM CTPECOM W MH(IaMaLKjoM, IITO YKa3yje Ha NOTEHIM]alHy YJIOTY
eMMIeHEeTCKUX MeXaHu3ama y pa3Bojy M MPOrpecHji OBe KOMILUIMKALH]e.

Jlaba ananusa oOyxBaTuia je MpOLEHY AMjarHOCTHYKE TAYHOCTH CTeNeHa riobanHe
metunanuje JIHK, kao Guomapkepa enureHeTcKHx Moaudukauuja, y rnpeisuhamy XpOHMYHMX
komrrkaiuja T2JIM. Crenen rnobante merunauuje IHK nokasao je najsehy aujarHOCTHUKY
tayHocT y npeaukuMju JC, mok je 3a JIH nocturHyra BHCOKAa OCETJEMBOCT, Y3 HHCKY
cneuuduynoct. J[ujarnoctruka taunoct 3a JJTH® uuje Guna 3anososbaBajyha, a 3a KBb u [IP je
6una orpannyena. Murerpauuja crenexa rinobanne merunaumje JIHK ca penoke napamerpuma
PAB w SOD y mynTuMapKepckKd Mojien 3HauyajHO je yHarpeiuiaa IHjarHOCTHYKY TAYHOCT Y
npeasubamy J[1C.

Jla 61 ce cariieiayia MMOBE3AHOCT EMHUICHETCKUX IPOMEHa ca OMIITHM MEeTabONIMYKUM
CTAaTycOM, aHanu3upaHe cy Kopenauuje usmehy crenmena rinobanHe JHK merunauuje w
Guomapkepa uHOIaMaluje ¥ peloKC CTaTyca y YKYNHO] MCMHTHBaHOj momynauuju. Huku
crenel riobanne metunauuje JHK kopenupao je ca BUIIMM KOHUEHTpaLMjama HH(IaMaTOpHUX
mapkepa hsCRP w MLR w napamerapa okcunaTuBHor crtpeca PAB, IMA n AOPP, T¢ HWXKAM
BpEJHOCTMMA TapameTapa aHTHOKcuaaTuBHe 3amrtute 74S u SH-rpyna. MynTuBapujaHTHOM
JMHEAPHOM pErpecMoOHOM aHalM30M je yTBpheHOo [a CTapocT HMMa HeraTuBaH, MIOK
koHuenTpaunje T7AS u SH-rpyna MMajy MO3WTHBAH He3aBHCAH yTHLA] Ha cTereH riobainHe
metunaudje JHK.

V OKBMpY OBe JIOKTOpCKe aucepraije noceGHa nakma nocsefieHa je MASHTHHUKALM]U
(pakTopa Koju yTHuy Ha cMmameme creneHa rnobanne JHK mermnanmje xon mauujenara ca
T2JIM. Y tom cmucay, npumena PCA ananusze omoryhuna je usapajame mneT Kiacrepa
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KapauoMeTabonnykux (pakTopa pusmka, YuMe ¢y Ae(MHHUCAHH JOMMHAHTHU MaTO(U3UONOLIKH
MEXaHU3MH Y HCIMTUBaHO] rpynu nauujeHara ca T2JIM. Opa aHanuza je W3IBOjUIA
»pouHpaamaTopHu akrop™, Koju objennmyje nokasare/be cucremcke nHdnamauuje (hsCRP,
NLR) v oxkcugatuBHor ctpeca (PAB, IMA, SOD), ,,ipooKcHAATHBHU (PaKTOp™ KpO3 YAPYKHBAHE
TOS, AOPP u UTM, ,dakrop crapema™ KOju yK/bydyje CTapocT M Tpajame aujabereca,
»XHIIEPIIIMKeMUjCKH akTop® Kor ¢y dopmupanu riaykosa, AGE u non, Te ,,aHTHOKCUJATHBHU
dakrop® koju je obyxearuo SH-rpyne. Ilpumena MynrumapKepckor NpucTyna y OWHapHO]
JIOTUCTUYKO] PperpecuoHoj aHaju3d uAeHTH(uKoBana je ,,IpPOOKCHAATHBHM (hakTop™ Kao
Haj3HAYajHUJU TPEJMKTOP, KOJU je MOBe3aH ca MpUOIMIKHO METOCTPYKO BehuUM pH3MKOM 3a
rinobanny xunomerunauujy JHK.

B. Ynopeana ananusa pesy/arata JOKTOPCKe JUcepTalHje ca MoJauuma 13 Jurepatype

Y 0BOj AOKTOPCKO] AMCEpTalMju CrpoBeaeHa je cBeoOyXBaTHa eBajiyalldja CTeneHa
rnodanHe wmetunauuje JHK wu apyrux opabpanux mnapamerapa OKCHAATMBHOI CTpeca,
uH(aamanuje ¥ aucaunuaeMuje kao Guomapkepa nporpecuje T2JIM u paseoja BacKy/aapHUX
KOMILIMKaLuja oBor obosbera. JloaaTHO, HCMUTaHa je MOrylHOCT MHTerpauuje enureHeTCKux
MapKepa ca KJIacHuHUM OHOXEMU]CKUM MapaMeTpuma y MpeAUKTUBHE U 11jarHOCTHYKE MoJene
3HavajHe 3a T2JIM. JloOujeHn pe3ysaTaTu ¢y y 3HayajHO] MEpH Y CarjacHOCTH ca JIMTepaTypHUM
Hanta3uMa, y3 ojpeljeHa oacTynmama Koja AOMpHHOCE yHanpehemy M Npoiupewy nocrojefinx
cazHama y oBoj o61acTu.

TokoM u3pajge OBe AOKTOPCKE aucepTaluje YBeJeHA j€ W ONTHMHU30BaHa OCET/HHBA,
crieunduuna u cenekrusia UHPLC-DAD wmeropa 3a ucrospemero oapehupamwe dC u ImC,
yume je omoryhena npeunsHa ksantupukauuja crenena rinodanne JHK merunaumje y PBMC.
[Npumewena UHPLC-DAD wmetona mnpeacTaB/ba ajantauujy nportokona Crescentija W
capajgHuKa, Koju je npunaroheH cneunduuHocTMA y30paKa KOpUIIREHUX Y OBOM HUCTPaKUBAEY
(1). H36op PBMC xao ©OuONOIIKOr MaTepujana 3acHOBaH je HA IUXOBO] J[OCTYMHOCTH,
MHUHMMAAHO MHBA3UBHOM Y30pKOBamy W 100poj Kopejauuju pesynirara ca HpoMeHama y
UubHUM TKMBUMA (2). Ynorpeba ensumckor kommiaekca DNA Degradase Plus™ 3a Xxuaponusy
JHK 10 Hykieosuja oOLemyje ce Kao MeTOAOJNOLIKM onpasaaH u3dop, Oyayhu pa je y
NUTEpaTypy JOKYMEHTOBAHO Jia K/aCHYHA KMCEIMHCKA XMIPOJM3a MOKE JO0BECTH A0 ryOuTKa
nabunuux MoaudukoBanux 6asa (3). Bepudukauuja noTnyHe AUrecTHje OACYCTBOM pasMasa Ha
arapo3HOM Trefy [MpeAcTaB/ba JOAATHU KBAlUTATUBHU KpUTepUjyM YycknaheH ca Baxehum
craHmapaima y oBoj obmactv (4). Xpomatorpapcku MpUCTYT, KO TEXHWYKH 3aXTEBHHUjH, Y
AWTEpaTypu Ce HaBOAM Kao 3naTHM craHaapa 36or Behe noysgaHoctd y mnopehemy ca
anTepHatMBHUM MeToaaMma (5). Kao noceGan MeTo0/0IIKY 3Haya] UCTUYE ce pasjaBajame SmC
01 5-XMAPOKCUMETHIILITO3MHA, OHONIOIIKY aKTUBHOT MHTEpMeMjepa y Mpolecy AeMeTuialuje
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JIHK, unme ce oBaj npucTyn pa3auKyje oA OpojHUX MPETXOAHUX CTYAMja KOje HUCY MpaBHIIe OBY
JUCTHHKLA]Y.

Hanas rnoGanue xunomermnauuje JHK koa ucnurtuBanmx nauujeHata ca T2JIM vy
CarjacHOCTH je ca pe3y/TaTUMa MPEeTXOJHUX MCTPAKUBAMA Koja Cy MoKasana CMameH CTEMNeH
rnodande metunaunje IHK kox ocoba ca noBuieHUM KOHLIEHTpalujaMa riykose y KpeH (6),
Kao W IoCTojare MHBEp3HE Kopenauuje nsmel)y crenena rnobanne metunauuje u yaena HbA .
(7). YumeHuiia fa je XumoMeTuiaiija Guna nprucyTHa KoJ CBMX MCTUTHBAHMX MalujeHara, 6e3
3Ha4ajHUX pasiuka usmely nmoarpymna ca pasiduuTHM KOMIIMKAalWjaMa, yKasyje Ha TO 1a OHa
npejicTaBba omnmTe enureHercko obenexje T2/IM, a He Guomapkep Koju je crneuupuyan 3a
rnojeaAMHAYHe KOMILIHKaluje oBe Gonectu. MHTepnperauyja no0ujeHUX pesynrara y cKiaiy je ca
KOHLIETITOM eMUreHeTCKe MeMOopHuje, npema kome Merafonanuku nopemehaju, kao mro je
AYroTpajHa H3JI0KEHOCT BHCOKMM KOHLEHTpauMjama TIiIyKo3e, MOry HOBECTH [0 HacTaHKa
CTaOMIHUX EMUIeHeTCKUX TpOMeHa, KOje MEep3UCTUpajy M HAKOH YCTOCTaB/bakha aJCKBATHE
meTabonnuke koHTpose (8). Mnak, Tpeba ucrahu na pesyinratv JocafalllbUX UCTPaKHUBamba O
npomenama rnobanne wmerunaumje JHK kox ocoba ca T2JIM Hucy y HOTIYHOCTH
koHsucteHTHH. [Tojeaunu aytopu, nonyt Pinzon-Cortés n capagHuKa, HUCY YTBPAMIHM 3HAUajHy
pasnuky y creneny metuinauuje JJHK usmely mauumjenara ca T2/IM u 3apaBux ucnuranuka (9).
OpakBa HeycarJalleHOCT pe3yiTara y JUTepaTypH AENOM C€ MOKE MPUITMCATH TIPUMEHH
pasIMuUMTHX aHANUTHYKUX MeToja 3a ucnutuBame merunauuje JHK, kao m xereporeHoctu
MCIIUTUBAHUX TIOMyJalMja TNalujeHata y Torjiefy KIMHHYKUX KapaKTepHCTHKa, Tpajarba
QosecTH, cTerneHa MeTaboaMYKE KOHTpOJE M TNPUCYCTBAa XpOHMYHMX kommiaukaumja (10).
JlonatHo, craHmapau3oBaHe pedepeHTHe BpeAHOCTH 3a yaeo ISmC y 31paBoj MOMyJaluju joul
yBeK Hucy aeduHucane. [TojeqHu ayTopu HaBoJe MpPOCEUHE BPEJHOCTH Of MpUOmKHO 6%
(11), mox Apyru ayTopu HaBOJE HUIKE MPOCEYHE BPEIHOCTH, 0] 0KO 5% (12). ¥ TOM KOHTEKCTY,
npumeda UHPLC-DAD wmetoie y OBOj AMCEPTaLMju TpPEACTaB/ba 3HAYajHy METOIOJOLIKY
npeaHoct, Oynyhu pa omoryhara poOujame pesynrarta KOjM Cy [AMPEKTHO YNOpPEAMBH Ca
Haa3UMa Jpyrux CTy/uja 3aCHOBAHMX Ha XpOMaTorpad)ck1M npuUcTynuma.

Pesynrati oBe MOKTOpCKE AMCEpTalMje yKa3yjy Ha OKCHJATHBHM CTPEC M CHCTEMCKY
uH}pIaMaLKjy Kao KibyuHe (paKTope MOoBe3aHe ca eMUreHeTCKMM CTaTycoM KOJ MauujeHara ca
T2]IM. To je y ckinamy je ONMCaHMM MeXaHM3MHUMa IpeMa KojuMa peakTHMBHA KHCEOHMKOBA
jenumerma (eHrn. reactive oxygen species, ROS) wmory wunxubupatu aktusHoct JIHK
metuntpancdepasa (edrn. DNA methyltransferases, DNMT) W WCTOBPEMEHO JIOBECTH IO
CMamemka JOCTYMHOCTH S-aeHO3MIMETHOHNHA, TNaBHOT [0HOpa METM/-rpyna y MpoLecy
metunaunje JJHK (13). Crumynatuuu edexar ROS na TET enzume (engl. fen eleven ten
translocation), ca nocneguuHum nosehamem aemerunaumje JIHK, npeacrasma pozatHu
MEXaHM3aM [OCPEACTBOM KOra OKCHAATHBHU CTpeC AONMPUHOCH cMamemy yaena ImC (14).
[lapanenHo, akTMUBUpAjy Ce CHUTHAlHE Kackaje Koje pe3yiTyjy MojayaHOM MpPOAYKLHjOM
NpouH(pIAMATOPHUX LMTOKMHA M MHXMOuuUMjom aktuBHOocTM DNMT ensuma (15), unme ce
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YCIOCTaB/ba MO3UTHBHA MMOBpATHA CIIpera y oBUM npouecuMa. C4Ha MOBE3aHOCT METHJALHU|E
JIHK u undnamatopHux Mapkepa ornucaHa je u 'y uctpaxkusawy Cucoreanua v capansuka (16),
a pe3y/ITaTd OBe JUcepTaluje Ty T0BEe3aHOCT JOAATHO NMoTBphYjy y CneUMpUUHOM KIMHUYKOM
OKpYxemy TUuYHoM 3a T2/IM.

Y 0BOM HCTpaKMBarmy CHpOBEJCHA je OMNCEeKHA aHaAW3a rnapamerapa peloKc CTaryca,
uH(pnamaTopHux OMoMapkKepa W napamerapa JMIUIHOT CTaTyca, y3 MCIUTHBame pacnojene
nunonporenHckux cyOdpakumja u aktuBHocTH eHsuma LCAT wm CETP, Kao KJbYy4HHX
peryiaaTopa MeTaboni3Ma JIMNONPOTEMHCKUX uecTha y ruiasmu. [lanumjentu ca T2[IM umanu cy
nosehare MPOOKCHIATUBHE, @ CHIDKEHe aHTHOKCHMIATHMBHE MapameTpe, INTO je y CKumaay ca
Haja3MMa JpYyrux ayTopa KOju ykasyjy Ha cucTeMcku pepokc aucbanmanc y T2]IM (17).
Oxcryname 0/ OBOr ofpacuia YoueHo je y ciydajy KoHueHtpaumja MDA, mapkepa JHUITHIHE
nepoKCUaLnje, WTo ce MoXKe 06jaCHUTH CMambeHOM pacnookuBowhy cyrncerpara yciaea HUKUX
KOHLIEHTpalfja X0IecTepoia, Kao U BUCOKOM peakTWBHOLINY OBOI ajjexuja ca MpoTeMHruMa
HYK/JIEMHCKMM KHMCEJIMHAMa, UMMe Ce CMarbyje HmeroBa KoHueHTpauuja y cepymy (18). Tlpodun
muciMnuaemuje  ytBpheH |y rpynu  mauujeHata  oaroeapa  (eHoTmmy  aujaberecHe
JMCIUNUIEMH]E, KOJU Ce KapaKTepHIile CHIKeHHM KOHLeHTpauujama HDL-h W NOBULICHHM
koHueHTpauyjama 7G. KpanutatueHe NMpoMeHe Y CTPYKTYpH M (DYyHKLMjH JIMIIONPOTEHHA, KOj&
KOHBEHLMOHA/IHA eBajyauuja JMMUAHOT cTaTyca He oOyxsara (19), morsphene cy aHanuzom
cyGdpakuuja. Mehytum, Hwku yaeo sdLDL yectuua, kao W cHIkeHe KoHueHtpauuje 7C u
LDL-h xon maumjenara ca T2JIM mnpexcraBmbajy Hanaz cynpoTaH OpojHuM MmyOJIMKOBaHHM
CTy/aHMjama, WTo ce AeNoM MoKe 06jacHuTy noeeliaHoM HpomycT/bKBoLly eH0TeNa, yCIe Koje
fonasu o TpaHciokauvje LDL dectuua w3 uupkynauuje y cyGenportennm mpoctop (20).
JlogaTHO 0Gjalimbere MOXKE Ce JOBECTH Y Be3y ca TEepanujcKUM pekHuMoM, ysumajyhn y o03up
BHCOKY 3aCTYTJbEHOCT MET(GOPMUHA M MHCYJIMHA, KOjU MOTY [0BECTH [0 NOja4aHe aKTHBHOCTH
JIUNIONPOTENHCKE unase, yop3aHor karabo/u3ma JIMIoNpOTeNHCKUX YeCTHIA, Kao U MPOMEHa y
FUXOBO] BEJMUMHM, LITO j€ OMHMCAaHA MOCIeiuLa MHCYuHcke Tepanuje (21). Ananuza HDL
cy6dpakuuja noTBpAKIa je CTpyKTYpHE U (yHKLHOHAIHE MPOMEHE OBUX YECTHLA Y yCIOBUMA
XUNEpIyIMKeMuje, y CKialy ca NyOIMKOBaHMM HamasuMa o TIyOMTKY aTeponpOTeKTHBHOT
kanmauurera aucdynkuuonanHux HDL uectnua (22,23). M3ocranak 3HauyajHUX pasinka y
aktusHoctt LCAT u CETP y oanocy Ha KI' npeacras/ka Hajgas CynpoTaH nojauuma M3
nMTEpaType M MOXKe OMTH [oc/ie[Mia JAOJATHUX yTuuaja ApyruX (akropa Ha passoj
JMCITMIMEMHU]E KOJl MCTIMTUBAHUX TauujeHara. AHanusa uHQIaMaropHUX Mapkepa noTepauia
j& TIpUCYCTBO MU3PAYKEHOT CHCTEMCKOT NMPOUH(IAMATOPHOr cTamka Koj nauujeHara ca T2JIM. ¥V
OKBHMpY OBOT MCTP)XKMBama aHanusupaH je Behu Opoj KOMIOZWTHUX MHIEKCA Ka0 HOBHjUX
eKOHOMUUYHMX GHOMapkepa 1 MOTBpljeH je WUX0B 3HaYaj 3a MPOLEHY CHCTEMCKe MH(IamMauuje u
KapauMoMeTaboIMuKOT pU3HUKa.

[Toce6aH AONMPUHOC OBE JOKTOPCKE JUcepTaliije PEeACTaB/ha aHalu3a cTenena riodanHe
metunauuje JTHK y omgHocy Ha mpucycTBo crneunduuHMX KOMMMKauuja. YTBpheH je Hanas
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rnobande xunomerunaumje JIHK kox cBux nmauujesara ca komniukauujama y nopehiemy ca KT,
u3y3eB y ciayudajy JIP. Haume, Hiku crenen rnobanne merunauuje JJHK ytsphen je y rpynu
naiyjeHara 6e3 oBe KOMIUIMKAlMje, JOK Cy BPeOHOCTH Koj nauujeHara ca [IP Oune Onmcke
spensoctima y KI'. Osaj pesynrar je y cknagy ca nyOJIMKOBaHMM HalasMma O ABO(AasHOM
obpacuy npomene crenena merunanuje JJHK Tokom nporpecuje JIP, npu uemy y paHum
cTaaujymMuma JOMUHMpa rino0alHa XUNOMETHIaUuja, JOK ca MpenackoM y npoiaudepartuBHy
dasy JIP xunepmeTmiaumja oapeljeHux jokyca MOXe AOMPHUHETH NMPUBHHOj HOPMaNU3aLUju
crenena rnobanne metwiauuje JTHK (24,25). Takohe, y passojy /IP 3HauajHy ynory umajy u
XHCTOHCKE MojuduKaimje, a He camo npomeHa y creneny mertunaumje JJHK (26), mro moxe
o6jacHUTH M30cTaHaK ouekuBaHor obpacua y osoj moarpynu. Mako mermnauuja JTHK uuje
rnokasajia 3a10BosbaBajyhy aujarsoctudky taunoct, AOPP ce u3BOjHO Kao Mapkep ca HajBehoM
tauynowhy 3a npeaukuujy [P, wro norephyje xunoreszy aa GuoMapkepu OKCHMAATUBHOI CTpeca
MMajy MOTeHLMjal Y AujarHocTHLM U npeseHuuju JIP (29).

OBO MCTpaXKMBarb€ HUje YTBPAWIO 3HAYajHy pa3iuKy y CTereHy rioGajnHe MeTHnauuje
JIHK u3melhy T2JIM naumjenara ca u 6e3 KBB. JuteparypHu noauy o rino6anHoj MeTunauyju
JIHK y KBB ¢y xereporenu, 1ITO OpakaBa CJI0XKEHOCT eMMIeHeTCKUX MPOMEHa U yKasyje Ja
FBUXOB NPaBAll 3aBUCH OJ1 NAaTO(PU3MONOMIKOT MEXaHU3Ma  cTajujyma 6onecty. Koa nauujeHara
ca JIH® youeHo je uzpakeHuje cMameme crerneHa raodande merunauuje JIHK y ogHocy Ha KT,
MaKo pasjivKa y OfHOCY Ha nauujeHte 6e3 oBe KOMILUIMKAlUKMje HUje Gua CTaTUCTUYKY 3HayajHa.
Moryhe oGjaiumemne eXu y TKMBHO CMEUM(UYHO] MPUPOAM EMUIEHETCKUX MPOMEHa, Kao U
OTPaHMYEHO] OCET/HUBOCTH JieyKOLUTa Mepu(epHe KPBU 3a ASTEKLMjy NpomeHa y OyOpexHoM
TKUBY, V3 JOJaTHU YTHIA] Majie BeluuuHe y3zopka. Hwku crenen rnobanne metunauuje JTHK
yTBpheH je u y rpynu ca JIH, a 3HayajHO je KOopenupao ca BHUIUMM BPEIHOCTMMA Mapamerapa
pefokc cratyca u uHbiaamaiuje. OakaB Hana3 ykasyje Ha To jaa y maroreHesu JIH pemokc
aucbanaHc ¥ XpoHuMuyHa uH(IaMauuja Aenyjy CHHEPrUCTHUKM Y CYNpPECHjU METHJIALMOHOT
kanamurera JIHK, wro je y ckmagy ca nyGiAMKOBaHUM T[OJanMMa O KIbYYHOj YIJIO3M
OKCH/JATHBHOT CTpeca Yy TUIIMYHOM HapyllaBamy pery/ialiuje enMreHeTCKHX MeXaHu3ama y OBO)
komrnukauujun  (27,28). Hajuspakenuje cmamere creneHa rnobanne metunanuje JTHK
sabenexeHo je koa nauujenara ca JIC, Koj KojuX je yjeaHo yTBpheHa U HajCHa)KHHU]a MOBE3aHOCT
ca Guomapkepuma OKcHAaTWBHOr cTpeca u uHGpmamauuje. Tume je mnorspheno pa y
Y3HANpeIoBanoM CTafujyMy HCXEMHjCKO-HeyponaTcke O0ecTH CHHEPrMCTHYKO JIe/IOBamke
OKCHMIATHBHOI CTpeca, MHGIaMaluuje ¥ TKUBHE XWMOKCHje J0AATHO CYNpUMMpa TpoLec
metunauuje JJHK (29,30). Takohe, Tpeba uctahu aa je oBaj enureHeTCKH OMOMapKep Mokasao
Hajpehy aujarmocruuky Ttaudoct y mpemukuuju JIC, a wHrerpamujom ca PAB u SOD y
MyITUMApKepCKM T[aHe]l YKyNHa AMCKPUMHUHATHBHA CIHOCOOHOCT MoOjena je JO0JAaTHO
yHanpeljeHa, WTO je y CKIaly ca aKTyeJIHMM Mpernopykama O MPUMEHH MYJITUMAapKEepCKHUX
cTpaTeruja y nepcoHaIM30BaHOj MPOLIEHH pU3MKa 3a HacTaHak komnaukauuja T2JIM (31).
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Pesynrati npeAcTaB/beHU Y OBOj AMCEPTALMjM Aajy 3Ha4yajaH JONPUHOC Yy JOMEHY
METO0JIOLIKE CTaHJApAM3allije W KIMHWYKe puMeHe creneHa riuobanne merunanuje JIHK kao
Mapkepa enureHerckux wmoaudukaumja. Hoxymentosana xunomerunauuja JIHK, kao
YHUBep3aJHU enureHercku Hamaz y T2JIM, moTephyje AONMpUHOC emnureHeTckor namhema y
HACTAHKY  HEKE/beHHX  TMociequiia  XpoHuyHe  Xxumepriumkemuje.  Mnentuduxaumja
MPOOKCHAATHBHOT (paKTOpa Kao jeAUHOr HE3aBUCHOT MpeAuKTopa rnodanHe XMNoMeTHIaLuje, Te
BaIMIallMja MyJITUMapKepeKor naxena 3a npeaukuujy JIC, npeacrap/bajy KOHKPETHE [OTPUHOCE
yHanpehewy KiMHMuke crpatudukalije pusuka koj nauujeHatra ca T2JIM. Oppehena
OJCTYNama y Haja3uMa 3a MNOojeJIMHe KOMIUIMKALMje, Hapouuto y ciayuajy JIP, He ymamyjy
HayuyHy BpeAHOCT no00ujeHux pesynrtara, Beh WX cMewTajy y IIMPU OKBHD CJOKEHHX
EMUTEeHETCKUX MEXaHM3aMa KapaKTepUCTHYHHX 3a OBY KOMILIMKALMjy, UCTOBPEMEHO yKasyjyhu
Ha notpeldy 3a Na/bUM UCTpaXKUBaUMa y 0BOj 00J1aCTH.

I'. IIpoBepa OPpHrHHATHOCTH JOKTOPCKE AHCEepTalHje

OpUTrHHAIHOCT OBE AOKTOpPCKE aMcepTallije npoBepeHa je y cknaay ca [Ipasunankom o
MOCTYIIKY [IPOBEPE OPUTHHATHOCTH JOKTOPCKUX AncepTaluja Koje ce OpaHe Ha YHUBEP3UTETY Y
beorpany.

[lpema wusBewTajy Koju je kpeupao nporpam ilhenticate peructposano je 17%
npekanama ca 334 ussopa. [peknaname ca jeAHUM H3BOpOM H3HOCUIIO je 2%, ca jeaHum 1%, a
ca CBUM OCTAJIMM T0jeIMHa4YHUM M3BopumMa < 1%. JleTa/bHUM YBUIOM y Marepujan yTBpheHo je
a je MOAYAAPHOCT TeKcTa mocneauua YHU(pOPMHOT HauMHa MpUKa3HBarkba pesynrara, CTpy4YHe
TepMuHoJoruje, Oubnuorpadekux nojaraka, Kao M ONMCHMBaFma METO/A, T OMIITHX MecTa M
nojaTaKa y Be3u ca TeMOM JAMCepTaLyje.

Ha ocHoBy pesysiTata 1npoBepe cMaTpamo a je jokropeka aucepraumja Came Byjunh y
MOTIMYHOCTH OPUTMHANHA, K0 U [1a Cy MOIITOBAHA aKaJeMCKa MpaBuia IUTHpaba.

J. 3ak/byuak — 00pasioKemhe HaAyYHOT JONPUHOCA JOKTOPCKe AucepTanuje

EnuaeMHoNomKy oAy HeABOCMUCIeHo 1oTBphyjy riobanHu naHAEMH]CKH KapakTep
T2IM, koju y PenyGauum CpGuju oGyxsara oko 12% oapacne nomynanuje, y3 HarmoMeHy aa
3HayajaH yaeo oboeNnx ocTaje He/lujarHOCTUKOBAH 10 KIMHUYKe MaHU(ecTaluje BacKy1apHuX
omrehema. OBa aucepralMja rnpyka 3HayajaH Hay4HH JOMPHHOC KPO3 CBEOOYXBATHY aHAlU3Y
3HaYaja eNUreHeTCKUX MoAu(MKalMja, OKCHAATUBHOT CTpeca M CHCTEMCKe HH{iamauuje y
maToreHesd XpoHMuHMX Kommukauuja T2JIM. lleHTpanHu JONPUHOC UCTPaKUBaba
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npeAcTaBba uaeHTHuUKauMja creneHa rnobanHe xunomerunauuje JHK xao panor wu
yHUBep3anHor Guomapkepa 6osnectu, uuja ce AMjarHOCTUUKA BPEJHOCT OJp)KaBa HE3aBHCHO O]
CTapOCTH, N0J1a WK crieluUYHOr THIIA BACKYJlapHe KOMITJIMKALIK)E.

[ToceOHy Hay4yHy BpEOHOCT MCTpa)kuBamwa rnpenacrasiba npumeHa UHPLC-DAD merone
BHCOKE OCET/bBUBOCTH 3a TmpeuusHy kBaHTU(ukaudjy ISmC, 4MMe je TOCTaB/beH BHCOK
AHAJMTUYKK CTaHJAap[ Y EMUIeHeTCKUM MCTpaKMBamMMa y Halloj momysnauuju. Paa pomatHo
pacBeT/baBa CHOXKEHY MpEXy WHTepakiija OKCHAATHBHOT cTpeca, UH(Iamauuje u
JUACIUINUAEMUJE, Y OKBUPY KOje MPOOKCUAATUBHU (aKTOpU AMPEKTHO ACTEPMUHUILNY CTeNeH
rinobanne xunomerunaumje JHK. Kpeupame MynTHMapKepcKor raHena, KOju HWHTErpuile
eMUIeHeTCKU cTatyc U GUoMapkepe pelloKe craryca, peacTaB/ba OPUrMHaAaH U METOA0OMIKH
yTeMeJbeH JOTPUHOC YHarmpehemy AMjarHOCTHYKEe TayHOCTH 3a mpeaBuhame KOMIUIMKalHja
T2]IM, wmeby kojuma ce wuszapaja JIC. JlobujeHu Hanasu wumajy 3HauajaH TpaHCIALMOHM
MoTeHLMjan ¥ Mory Hahu mpuMeHy y mnepcoHanu3oBaHoM mnpahemwy mnporpecje T2]IM u
NpaBOBPEMEHO] MPeBEHIHM|H HPEeBep3UOMITHUX BacKyIapHUX owTehema.
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K. Opayke aoxaannx ETuukux ogbopa 3a cnpoeoletbe HeTpakuBamba

HcrpaxuBame Koje je CNpOBEACHO Y 0BO] AOKTOPCKO] AdcepTauuje omoOpeHo je on
crpade Etwukor ombopa KnuHnuko-GomHMYKOr ueHTpa ,3Be3mapa™ (oamyka oxa 15.10.2020.),
Etuukor oagbopa Knununuko-6onnuukor uentpa ,Jp Jparnma Muwosuh — [leaume™ (omnyka
Op. 01-5656/24, on 24.04.2019.), Eruukor ondopa Onure Gonuuie y IMoxapesiy (omnyka 6p.
7190/2020 ox 30.12.2020.) wu Ernukor komurera 3a OHOMEAMUMHCKA MCTpa)KMBamwa
Vuusepsurera y beorpany — ®@apmaneyrckor dakyarera (oamyka op. 2566/3 oa 19.11.2024.).

3. Muu/beme H npeaior

Ha ocHOBy jerajbHe aHaiu3e NOKTOpPCKE AMcepTaluje Mo HasuBoM ,McnuTHBame
crerieda rnobanue merunaudje JIHK kon Oonechuka ca tumom 2 aujaberec Menuryca:
MOBE3aHOCT ca OuOMapKepMMa OKCHAATUBHOT cTpeca, HHGuamaLuje U JUCIUIHAEMHje”
nokropanaa Came Byjunh, Komucuja cmatpa na je oBa AoKTOpcKa auceprauuja ypahena npema
0100peHoj npHjaBH, a jeé OPUTHHAIHO M CaMOCTAIHO HAay4yHO JIEJI0 U J1a CY Ce CTEKJIM YC/IOBH 32
EHY jaBHYy 0/10paHy.

HcTpaxuBame je METONOJNOLIKM MPEeLU3HO KOHUMMHpaHO, a A0OMjeHM pe3ynTatH cy
CHCTEMAaTHYHO aHANM3MpaHU W KPUTHYKM cariefjaHd y OAHOCY Ha aKTyejHa jocturxyha
caBpeMeHe HayuHe jqureparype. M3BeaeHu 3aKk/bydln y MOTIYHOCTH NMPOM3KUIA3E W3 PE3y/ITaTa
ucrpakupama. Umruiementanuja UHPLC-DAD meToje 3a KBaHTU(UMKaUMjy cTeneHa riodanHe
merunaunje JTHK, cBeoOyxBaTHa eBanyaudja enureHerckor npocuaa obonenux ox T2IM y
KOHTEKCTY pEeIOKC CTaTyca, CUCTeMCKe MH(IaMaluuje v JTUINUIHOT cTaTyca, Te MAEHTUDUKaLKMja
OKCHJAaTHBHOI CTpeca Kao mpumapHor mnpeaukropa xunomerunanuje JTHK cBpcraBajy oy
aucepraumjy Mehy HMCTpakuBama Of BHUIIECTPYKOI METOJONOIIKOr M KIMHMYKOr 3Hayaja.
[ToceGHO 3HaYajaH AOMPUHOC Orjiesia ce y Bepr(HUKALMj1 11jarHOCTUYKOT MOTEHLIM]aa CTeneHa
rnobandHe merunaumje JHK 3a npeamkuujy aujaGerecHor cronana, Kao W OpPUTHHAIHOJ
MHTETpallij| eMUreHeTCKUX MapKepa y MyJITUMapKepeKe naHese, yuMe ce 3HauajHo yHanpehyje
npoueHa pusuka. Hasegenu Hanmasu ykasyjy Ha NoTeHUMjan 3a YBOEH:E OBOI' ENUIEeHETCKOTr
Ouomapkepa y OKBHpe nepcoHanusoBaHor npuctyna T2JIM. YKynHO y3eBuId, pe3yNTaTH OBe
aucepTaluje JOMPUHOCE NMpolIupery noctojelux 3Hamwa y o0nactd MeJULMHCKe Ouoxemuje u
CHAOKPHUHOJIOTHje, Te TMoceayjy MOTeHUMjal 3a MNpakTHYHy TM[pUMeHYy Y yHanpehemwy
[IM]jarHOCTUYKHUX W MPOTHOCTHYKMX CTPATeruja y KIMHUYKO] NPAKCH.

Pesynratu oBe HOKTOpPCKe AMcepTaLuje myOIMKOBAHM Cy Y OKBMpY [iBa HaydHa paja y
mehyHapoaHuM yaconucuma kareropuje M21, wro notephyje HayyHH KBaJWTET U JONPUHOC
CIIPOBEICHOT UCTPAKUBAIHA.
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Ha ocHoBy cBera uzioxeHor, Komucuja cmatpa aa JOKTOpCcKa AMCEPTalMja MCIyHhaBa
CBEe KpHTEPHjyMe MponucaHe 3aKOHOM O BUCOKOM 00pa3zoBarby U NpaBUJIHULMMA Y HUBEp3UTETa
y beorpany 3a cTHuame akaaeMCKOr HasuBa AokTopa Hayka. Crtora npeanaxemo HacrasHo-
HayyHoM Behy YHuBepsutera y beorpany — ®apmaneyrtckor (akynarera Ja npuxBaTH OBaj
u3BellTaj ¥ ynytu ra Behy nayunux o6nacTu MeJMIMHCKHAX Hayka paau A00ujarba carjiacHOCTH
3a jaBHy oa0paHy JOKTOpCKe auceprauuje noj HasusoMm ,McnuTHBame cremeHa riodaiane
mernaanuje JHK kox OosecHuka ca tumom 2 gujaGeTec MeaMTyca: NOBE3aHOCT ca
OnoMapkepuMa OKCHAATHBHOI cTpeca, HH(pJamanuje H JAHCIMIOHAEMHje™, [IOKTOpaHaa
MarucTpa apmaliinje — MeauIUHCKOr 6noxemuuapa Came Byjuuh.

VY beorpany
08.06.2026.

Ap cu. A.ﬂelccaﬂnﬁ:/ Bemmom;ii, peaoBHH npodecop
Vuusepsuret y beorpany — @apmaueyTcku (axyirer
(Yika nayuna obnact: MeauuuHeka Guoxemuja)

/)

__ j?luﬁ "ﬁtﬁé hgé}/

_ Hp cu. Ana Huuuh, penoBau npodgecop
Vuusepsutet y beorpaay — @apmaneyTcku pakyaTer
(Vika HayyHa obnact: MeauuuHcka 6uoxemuja)

i f ¥ /

Ap cu. UBa I[Ieposuh Eﬂarojennl’anéyquu capajHHK
Knunnuko-6onuuuku uenrap ,,JIp Aparuina Muiosuh — Jleaume*
(Vika mayuna obnact: MeauunHcka 6Moxemuja)
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OLIEHA M3BEILITAJA O ITPOBEPU OPUT'MHAJTHOCTH
JOKTOPCKE JTUCEPTAIINJE

V cknany ca wiagom 20. IlpaBuiHuka 0 JOKTOPCKHM akKajeMcKuM cryaujama PDakynrer je
M3BPIIMO MPOBEPY OPHIMHAIHOCTH [OKTOpCKe aucepTanuje noj HasusoM ,McnurhBame
crenena ruobanne Merwnanuje JHK xox Oonechuka ca tumom 2 aujaberec Menuryca:
MOBE3aHOCT ca OGuoMapKepuMa OKCHAATHBHOT cTpeca, HHIaMaluje U JUCIMIHAEMHje”, ayTopa
marucrpa (apmauuje — MeguuuHckor o6uoxemuyapa Came Byjuuh, codrBepckum nporpamom
Koju 06e30ehyje YHuBep3urer.

V usBelmTajy Koju je Kpeupao nporpam iThenticate peructpoBano je 17% mpeknanama ca 334
U3BOpa, ca yuMe Cy ymosHatu wiaHoBH Komucuje 3a oneHy u 010paHy 3aBpIIEHE JOKTOPCKE
nucepranuje npod. ap Anekcanapa 3esmkosul, npod. ap Axa Huruh u ap cu. Msa Ileposuh
Bnarojesuh.

HakoH geTa/bHOT pa3MaTparba LeI0KyIHOT U3BeITaja 1aTo je caesehe oOpasinokeme:

- 2% nopyaapama ca uzsopoM 6poj 1 - Bojanin, Dragana. "Early lipid and inflammatory
markers of atherosclerosis in children with type 1 diabetes mellitus: effects of
metabolic control and comorbidities”, Yuugepszumem y beocpadv, Papmayevmcku
paxynmem, 2020 jaBuno ce 300r Tora wmro cy 00a HCTpaXHMBama NpoydaBasa
OuoMapkepe aucnuMnuaeMuje W HHQIamManuje y aujabeTec MENUTYCY, yCen
yHU(DOPMHOT HauMHa TPHKa3UBamba pe3yarara H H3pakaBama NPHINKOM ONMHCHBaKbA
pesynTata, MeyTUM y MOMEHYTOM H3BOPY Cy HCIHTHBAHHU I€JW]aTPH]CKH Malll]eHTH
ca TunoM 1 aujaberec MemuTyCa M aHATM3HPAHHU Cy APYTH Mapkepy HH(Iamaluje

- 1% nopymapama ca u3BopoMm 0poj 2 - Gojkovié, Tamara. "The importance of
cholesterol synthesis and absorption markers determination in healthy subjects and
patients with ischemic heart disease.”, Yuugepsumem y beocpady, Papmayeymcxu
axynmem, 2018 jaBuno ce 300r Tora WTO Cy 00a HCTPaKMBama I[poydasaja
Guomapkepe JUCIUNUAEMHje, YCIeA ONMCHBama Merogonoruje (xopumheme
pacrioioXKMBe amapatype, peareHaca u codTepa), kopuiihewa ckpaheHuna u
yHUDOPMHOT MpHKa3HBamka pesylitara ¥ HadMHA U3pakaBamka NMPUIHKOM ONHCHBAHKA
pesyarara, MchjyTHM y TIOMEHYTOM M3BOpPY CYy MCIUTHBAaHE 3[paBe 0co0C U MalujeHTH
ca KapAMOBacKynapHuM OonecTMMa M aHAIM3HpPaHM Cy M JPYrH MapKcpu
JUCITHITHACMH]C

- < 1% noayaapama je npoxaheno ca 332 u3Bopa ycnea ynorpede TepMUHONOrUje M
yHuGOpMHOr Ha4yMHA W3paKaBamka MpPU [PUKa3HBalby II0CTYNaka H TyMaucmwy
pesyJiTaTa HaBCACHHUX Y 0BOJ AOKTOPCKO] AUCEpTalU]H.



Y3umajyhu y 063up cBe HaBemeHo, a y ckiaay ca 4iaHOM 8. cra 2. [IpaBuiHHKA O MOCTYIKY
IPOBEPE OPHIHHAHOCTH JOKTOPCKUX JUCEepTaLuja Koje ce Opane Ha YHuBep3utery y Beorpany,
M3jaBJbyjeMO Jia H3BEIITAj yKa3yje Ha OPUrHHATHOCT JOKTOPCKE JAMCEpTaLuje, Te Ce [IPONUCAHU
IOCTYNAaK NpUIpeMe 3a leHy 0A0paHy MOKe HACTABUTH.

21.05.2026. rogune

Menropu:

Ap cu. Jenena Bexuh, pegosau npodecop
YHuusepsuret y beorpany — ®apmaneyTcku axyarer
y’ka Hay4Ha o0yacT: MeTIIHHCKa GHoXeMuja

\/AAP’CMIVL% @7,{_@&({@6}[
/

ap cu. Mussanka Bykcanoeuh, gonenr
Yuusepsurer y beorpany — Meanuuncku gpakynrer
y’a Hay4Ha 001acT: eHIOKPHUHOJIOTH]a — UHTEPHA MEIHIIHHA
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»Zvezdara - Unlverslty Medical Center
Zveadara Universty Medien Cests TR orch Potectons
vezdara University Medical Center IRB#1 (renewed) No IRB00009457
Approved by Federalwlde Assurance - FWAOOOMIS: i

L Eti¢ki odbor Je konstituisan | funkcioni¥e u skiadu sa natelima ICH-GCP | lokalnom zakonskom regulativom. |
Dimitrija Tucoviéa 161, 11000 Belgrade, Serbis
Tel: +381 1130 88 672, fax: +381 11 30 88 673, e-mail: etikain@mts.rs

Members of the Ethics Board:

Prof. Dr Nebojia Despotovié, Cardiologist, Chairman LEC
Prof. dr Nata3a Markovié-Nikol ié, Cardiologist, member
Prof. dr Teodora Belji¢-Zivkovié, Endocrinologist, member
Dr Srdjan Markovig, Gastroenterologist, member

Ass. dr Radoslav A3éeri¢, Surgery, member

Nenad Radi¢, Lawyer, external member

Slavko Babié, Lawyer, external member

Suzana Nedelkov, Bachelor economist, Secretary LEC

ODLUKA ETICKOG ODBORA

Mr ph Sanja Vuj&ié,
student doktorskih akademskih studi ja,
asistent na Farmaceutskom fakultetu Univerziteta u Beogradu

U periodu od 09. - 15. Okt 2020. god. odrZana je elektronska sednica Eti¢kog odbora KBC
“Zvezdara” tako Sto je svim &lanovima Etitkog odbora prosledjen materijal dostavljen za

razmatranje i odobrenje sprovodjenja dole navedenih projekata.

Zakljuéno sa 15.10.2020. god, Predsednik Eti¢kog odbora, Prof. dr Nebojsa Despotovié i ¢lanovi
Eti¢kog odbora: Prof. dr Teodora Beljié-Zivkovié, Prof, dr Natasa Markovié-Nikolié, Dr Srdjan
Markovi¢ i Slavko Babi¢, dipl.pravnik, dostavili su svoja pozitivna misljenja i jednoglasno

odobrili sprovodjenje dole navedenog projekta.
Ass. dr Radoslav A3ceri¢ i Nenad Radi¢, dipl. pravnik, nisu dostavili svoja misljenja u

ostavljenom roku.

Clanovi Etickog odbora razmatrali su molbu Mr ph Sanje Vujié, studenta doktorskih
akademskih studija i asistenta na Farmaceutskom fakultetu Univerziteta u Beogradu, za
odobrenje sprovodjenja nauénog istraZivanja u cilju izrade doktorske disertacije pod nazivom:
“Znataj ispitivanja epigenetskih promena i njihove veze sa biomarkerima oksidativnog
stresa dislipidemije i inflamacije u proceni rizika za razvoj komplikacija dijabetes

melitusa”.

IstraZivanje se sprovodi u saradnji sa lekarima Odeljenja za endokrinologiju KBC “Zvezdara”,

Ass dr Milica Marjanovi¢ Petkovié i Ass dr Miljanka Vuksanovié.
Mentori su dr sc Jelena Vekic i dr sc Jelena Kotur-Stevuljevié, profesori F armaceutskog fakulteta

Univerziteta u Beogradu.



Na El‘Vld | razmatranje dostavljena je kompletna dokumentacija koja je &lanovima Etitkog odbora
pruzila sve informacije potrebne za donoSenje ispravne odluke o etitkoj podobnosti i
Spl‘OVOdj.enj.u predmetne studije: molba sa detaljnim obrazloZenjem same metodologije
sprovodjenja ovog istraZivanja, obrazac pisane saglasnosti i informacija za pacijente, Saglasnost
Natelnika Odeljenja za endokrinologij

a ; u, Prof. dr Teodore Beljié Zivkovié, da se studija moze
sprovoditi u okviru Odeljenja za endokrinologiju i Upitnik za pacijente u&esnike.

Lokalni Eti¢ki odbor koji je konstituisan i radi po nadelima i principima ICH-GCP,
predmetno klini¢ko istraZivanje je ocenio etitki podobnim i odobrio sprovodjenie istog.

’ iy Etickog odbora
Datum: 15.10.2020.g

nojsa Despotovié/

< /9%7%‘7
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KOMPLETAN ZAHTEV PREDAN 19.12.2019.

ODLUKA: Na sednici EO Opéte bolnice PoZarevac odrZanoj 25.12.2019.g, a na osnovu &l. 4 icl.5
Pravilnika o radu Etikog odbora Opéte bolnice PoZarevac doneo je sledeéu odluku. Zahtev je:

odobren; odbijen; suspendovan

ETICKI ODBOR BOLNICE POZAREVAC

Sprovodenje epidemiolodkog upitnika i prikupljanje uzoraka venske krvi u cilju istraZivanja faktora
rizika za razvoj dijabetesnog stopala

I: Naziv istrazivanja: ,Interaktivna uloga dislipidemije, oksidativnog stresa i inflamacije u
aterosklerozi i drugim bolestima: genetitki i biohemijski markeri"

Il: Dokumentacija za: a) novu studiju
b) amandman za studiju u toku (Amandman )
c) ostalo

V: Sponzor-Proizvoda¢: Ministarstvo prosvete, nauke i tehnolodkog razvoja Republike Srbije

VI:Glavni istraziva&: Mr ph Tatjana Stefanovi¢ i Prim Dr Srecko Bosi€ — Opsta bolnica Pozarevac
Mr ph Sanja Vujgié i Prof Dr Jelena Veki¢ — Farmaceutski fakultet, Beograd

VII: Zemlje u kojima se studija sprovodi: Republika Srbija

VIII: Mesta u kojima se studija sprovodi: Opsta bolnica Pozarevac i Farmaceutski fakultet
Univerziteta u Beogradu

Predsednik Eti¢kog odbora OpSte bolnice PoZarevac




YHUBEP3UTET ¥V BEOI'PALY
GOAPMALEYTCKU ®AKVIJITET
BojBone Crene 450

11000 Beorpan

Bp. L5661

Jarym: 19.11.2024.

Ha ocuoBy unana 19. IlpaBunnuka o paxy ETuuxor xomurteTa 3a GHOMEIMIIMHCKA
ucrpaxuBama @apmaneyrekor ¢dakynrera y beorpany, ETHuku koMuTeT 32 OGHOMeIMIIMHCKA
ucrpaxuBama Papmaneyrekor dakynrera y beorpamy Ha cenHuim oapykanoj 18.11.2024.
TOJIUHE, IOHEO je

ONJIVKY

JAJE CE CATI'JTACHOCT 3a cipoBoljerse HCTpaskuBarba 1o HasuBoM: ,,Mcnutusame
crenena rinobanne merunanuje JJHK kox Gonecnuka ca tunom 2 nujaberec Meautyca:
OBE3aHOCT ca OMoMapkepuma OKCHaTUBHOL ¢Tpeca, HpaMaluje u aucaunuaeMuje”, y
UJbY U3pajie JOKTOPCKe JAucepTanuje.

Mentop pokropceke aucepranuje je npod. ap Jeaena Bexuh, penposuu nmpodecop Ha Katempu
3a MeJIMIIMHCKY Oroxemujy, YHuBepsutera y beorpany-®apmaneyrckor dpakynrera.

MonOy 3a naBame carjacHOCTH NojiHeNa je MarucTap Gapmaiuje — MeMLMHCKHA Ornoxemuyap
Cama Byjuuh.

OyKy JI0CTaBUTH: IOAHOCHOLY 3axTeBa, MEHTOpy, npexaceanuky Kowmwurera,
cekperapy, wedy Ojcexa 3a npaBHe u ommte nociose, OAceKky 3a HACTaBy M CTYACHTCKa
[UATamba U ApXUBH.

[TPEACEIHUK ETUYKOI' KOMUTETA
3A BMOMEZ[HLH/IHCKA NCTPAXVBAIA

Dusabe




KBC ,,DR DRAGISA MISOVIC-DEDINJE
Heoja Milana Tepi¢a 1

Broj: 01-5656/24

Datum: 24.04.2019.godine

1:;/20081“(;)“91 odredb; ¢lana 14§a Zakona o zdravstvenoj zagtiti (»Sluzbeni glasnik RS* 107/2005
» 99/2010 i 57/2011) i odredbe &lana 38-39 Statuta KBC ,,Dr Dragi3a Misovié-Dedinje‘:

Eti¢ki odbor na sednici odrZanoj 24.04.2019.god
Biblioteke Ustanove doneo je sledeu ‘Bodine sa pocetkom u 12:00 Easova u prostorijama

ODLUKU

Usvaja se Molba za odobrenje naugnog istraZivanja

o ObrazloZenje
Naugno istraZivanje ¢e se sprovediti u saradnji KBC “Dr Dragisa MiSovi¢-Dedinje” i Katedre za

medicinsku biohemiju Farmaceutskog fakulteta Univerziteta u Beogradu. Ovo istraZivanje bi se
odvijalo u sklopu nau¢nog projekta Ministarstva prosvete, nauke i tehnoloskog razvoja Republike
Srbije pod nazivom |, Interaktivna uloga dislipidemije, oksidativnog stresa i inflamacije u
aterosklerozi i drugim bolestima: geneti¢ki i biohemijski markeri“ (broj projekta 175035), a u
svrhu izrade doktorskih disertacija mr ph Sanje Vuj&ié, studenta doktorskih akademskih studija i
istrazivata pripravnika na Farmaceutskom fakultetu Univerziteta u Beogradu i mr sc. med. dr
Branke Koprivice Uzelac sa Odeljenja endokrinologije Klinike za internu medicinu KBC ,,Dr
DragiSa Mi3ovi¢-Dedinje“. Studija bi bila sprovedena u skladu sa smernicama dobre klini¢ke
prakse, dobre laboratorijske prakse, Helsinskom deklaracijom i vazeéom lokalnom regulativom.
Pacijenti bi najpre bili detaljno upoznati sa ciljevima i protokolom istraZivanja, a u studiju bi se
ukljucili nakon potpisane saglasnosti. Za uée$ée pacijenata u studiji nije predvidena nov€ana
nadoknada.

Glavni istrazivacdi iz KBC ,,Dr Dragi$a MiSovi¢-Dedinje*

Dr sc. med. dr Sanja Ili¢-Mijailovi¢, spec. interne medicine, subspecijalista endokrinologije,
nagelnik Odeljenja endokrinologije, Klinike za internu medicinu KBC ,,Dr Dragida MiSovi¢-

Dedinje*
Mr sc. med. dr Branka Koprivica Uzelac, spec. interne medicine, subspecijalista endokrinologije,
Odeljenje endokrinologije, Klinike za internu medicinu KBC ,,Dr Dragi$a MiSovi¢-Dedinje*

Dr sc. med. Iva Perovié-Blagojevié, spec. medicinske biohemije, 3ef Odseka biohemije, Sluzbe za
laboratorijsku dijagnostiku KBC ,,Dr Dragi3a MiSovi¢-Dedinje

Glavni istraZivadi sa Farmaceutskog fakulteta Univerziteta u Beogradu
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ObrazlozZenje
Prema aktuelnim epidemioloskim podacima, dijabetes mellitus spada u najugestalija hronicna
oboljenja i predstavlja veliki javno-zdravstveni problem. Prema podacima Svetske zdravstvene
organizacije, 2016. godine u svetu je od dijabetesa bolovalo 415 miliona ljudi, a procenjuje se da
Ce taj broj do 2040. godine dosti¢i 642 miliona. Najveéi porast broja obolelih ofekuje se u
zemljama u razvoju, u koje se ubraja i Srbija. Na osnovu podataka Instituta za javno zdravlje
Srbije za 2016. godinu, u naloj zemlji od dijabetesa boluje priblizno 750 000 osoba, odnosno
13,2% stanovniStva (Incidencija i mortalitet od dijabetesa u Srbiji, Beograd 2016.). Broj obolelih
od dijabetes melitusa tip 2 je viSestruko veéi u odnosu na broj pacijenata sa tipom 1. S obzirom na
to da je potvrdeno da su rano dijagnostikovanje i pravovremena terapija u cilju postizanja
adekvatne metabolitke kontrole kljugni faktori za prevenciju razvoja komplikacija u dijabetesu,
posebno zabrinjava Cinjenica da veliki broj osoba sa tipom 2 dijabetesa nema postavljenu
dijagnozu i ne zna za svoju bolest.
Dijabetes melitus je udruZen sa razvojem mikrovaskularnih i makrovaskularnih komplikacija. Iako
centralno mesto zauzima hiperglikemija, veliki broj studija je doveo u vezu razvoj komplikacija u
dijabetesu sa poveéanom produkcijom slobodnih radikala i smanjenom antioksidativnom zastitom.
Rezultati dosadasnjih istraZivanja ukazuju na &vrstu vezu izmedu hiperglikemije i oksidativnog
stresa, mada molekularni mehanizmi odgovorni za nastanak komplikacija u dijabetesu nisu u
potpunosti rasvetljeni. U tom smislu, rezultati predloZenog istraZivanja doprineli bi rasvetljavanju
uloge oksidativnog stresa u razvoju komplikacija, a analiza koncentracija krajnjih proizvoda
uznapredovale glikacije, kao i proizvoda uznapredovale oksidacije proteina i drugih markera
redoks statusa kod pacijenata sa i bez komplikacija mogla bi da ukaze na prognosti¢ki potencijal
ovih biomarkera (Park S, Kang HJ, Jeon JH, et al. Recent advances in the pathogenesis of
microvascular complications in diabetes. Arch. Pharm. Res. 2019;42:252-62.).
Na osnovu medunarodnih preporuka, pacijenti sa dijabetesom se svrstavaju u kategoriju visokog
rizika za razvoj kardiovaskularnih bolesti (ekvivalent koronarne bolesti), a ovaj stav podrzava i
Nacionalni vodi¢ dobre klini¢ke prakse za dijagnostikovanje i le¢enje dijabetes melitusa. Iako su
mehanizmi koji povezuju identifikovane faktore rizika sa razvojem kardiovaskularnih bolesti jo3
uvek nepotpuno razjadnjeni, raspoloZivi dokazi upu€uju na zakljufak da poremedaji lipidne
homeostaze, inflamacija i oksidativni stres udruZeno deluju u procesu aterogeneze. U skladu sa
prethodnim, razumevanje biohemijske osnove i rana identifikacija potencijalnih serumskih
biomarkera korisnih u proceni rizika za razvoj ateroskleroze je vaZan deo strategije za prevenciju
razvoja budu¢ih kardiovaskularnih komplikacija u dijabetesu. Stoga bi jedan od ciljeva
predlozenog istraZivanja bio i identifikacija biomarkera dislipidemije, oksidativnog stresa i
inflamacije, kao i definisanje multimarkerskih pristupa, koji bi omoguéili predvidanje rizika za
razvoj mikrovaskularnih komplikacija i kardiovaskularnih bolesti kod pacijenata sa dijabetesom.



ﬁ::p:::;esrll;\;aé::ﬁs:aietses mlelitusm.n tip 2 javljaju se karakteristiéne promene u stru‘kturi
dilabetnsic dislipidem’i : e naf az. mah.h, gust}h I.,DL Cestica smatra jednom od komponenti tzv-
’ Je. Kvalitativne i kvantitativne promene LDL i HDL subfrakcija u tipu 1
d.ljabetes melitusa ispitivane su u manjem obimu, a raspoloZivi podaci sugerisu da se profil
lipoproteinskih subfrakcija u plazmi znaajno razlikuje u zavisnosti od toga da li su pacijenti na
konvencionalnom ili intenzivnom reXimu insulinske terapije, §to otvara moguénosti za dalja
istrazivanja. Distribucija pojedina¢nih HDL subfrakcija u plazmi je prevashodno rezultat aktivnosti
enzima lecitin-holesterol aciltransferaze (LCAT) i holesterol-estar transfernog proteina (CETP).
Odredivanje aktivnosti LCAT i CETP, enzima koji uti®u na remodelovanje HDL &estica u plazmi,
i aktivnosti paraoksonaze 1, enzima koji je odgovoran za antioksidativna svojstva HDL
testica,ukazalo bi na potencijalnu disfunkciju HDL &estice, $to je trenutno najaktuelnija oblast u
istrazivanjima ovog lipopoteina. Dodatno, izmerena aktivnost CETP pruZila bi uvid i u stepen
remodelovanja LDL subfrakcija u plazmi, imajuci u vidu da je CETP kljucni Cinilac koji dovodi do
njihove redistribucije ka malim, gustim LDL &esticama (Vergés B. Pathophysiology of diabetic
dyslipidaemia: where are we? Diabetologia 2015; 58: 886-99.).
Neprekidan porast prevalencije dijabetesa sugerise da nagin Zivota i faktori sredine imaju ulogu u
razvoju i progresiji ove bolesti, kao i da bi njihovo bolje razumevanje zna&ajno doprinelo
pobolj¥anju postojeéih i razvoju novih terapijskih strategija. Stoga ¢e okosnicu ovog istraZivanja
giniti ispitivanje epigenetskih promena kod pacijenata sa dijabetesom. Danas je veé dobro utvrdeno
da epigenetske modifikacije DNK, koje nastaju kao rezultat interakcije sa faktorima sredine,
dovode do promena u ekspresiji razligitih gena. Analiza globalne metilacije DNK u leukocitima
periferne krvi omoguéava sveobuhvatni uvid u efekat interakcije prisutnih faktora rizika i faktora
sredine na gensku ekspresiju, ali je ova epigenetska modifikacija do danas nedovoljno istraZzena u
dijabetesu. Na osnovu do sada sprovedenih studija, ustanovljeno je da odredene promene u
obrascima metilacije DNK (hipermetilacija ili hipometilacija) leZe u osnovi razvoja dijabetesa, a
novije studije ukazuju da bi metilacija DNK mogla da bude i jedan od mehanizama odgovornih za
razvoj mikrovaskularnih i makrovaskularnih komplikacija, a shodno tome, i potencijalno ciljno
mesto terapije. Rezultati planirane studije doprineli bi boljem razumevanju znalaja globalne
metilaciie DNK u etiopatogenezi dijabetesa i ukazali na vaZnosti ispitivanja interakcije
epigenetskih sa drugim faktorima rizika u dijabetesu za razvoj njegovih komplikacija (Bansal 4,
Pinney SE. DNA methylation and its role in the pathogenesis of diabetes. Pediatr Diabetes 2017
;18:167-177.). Novija istraZivanja pokazuju da se u dijabetesu, pored epigenetskih, mogu javiti i
promene u sistemu telomere-telomeraza. Naime, skracenje duZine telomeraze smatra se jednim od
markera starenja éelija, ali je ovaj mehanizam do sada ispitivan u manjem obimu kod pacijenata sa
dijabetesom. Eksperimentalni dokazi i rezultati klini¢kih studija ukazuju da je duZina telomera i
aktivnost enzima telomerase u leukocitama periferne krvi u korelaciji sa vrednostima duZzine
telomera i aktivnosti telomeraze u drugim ciljnim tkivima i organima (Dudinskaya EN, Tkacheva
ON, Shestakova MV, et al. Short telomere length is associated with arterial aging in patients with
type 2 diabetes mellitus. Endocr Connect 2015;4:136-43.). Rezultati ovog dela istraZivanja



zajednici. Na taj nadin bi se otvorile mogucénosti za obe ustanove da zajednicki ili samostalno

apliciraju za buduée domade i medunarodne naugne projekte.
Plan istraZivanja

IstraZivanje bi obuhvatilo 150 pacijenata sa Odeljenja endokrinologije Klinike za internu medicinu
KBC ,,Dr Dragisa Mi3ovié-Dedinje* sa dijagnozom tip 1 i tip 2 dijabetes melitus. U istraZivanje bi
bili ukljueni pacijenti sa i bez mikrovaskularnih i makrovaskularnih komplikacija.
Planirano je prikupljanje slede¢ih demografskih podataka: starost, pol, telesna masa i visina, obim
struka i kukova, sistolni i dijastolni pritisak, Zivotne navike (ishrana, fizitka aktivnost, pusenje),
kao i klini¢kih podataka: duZina trajanja bolesti, terapija dijabetesa, prisustvo mikrovaskularnih
komplikacija (nefropatija, retinopatija, neuropatija), prisustvo kardiovaskularnih bolesti, drugih
komorbiditeta, primena ostalih vidova terapije (antihipertenzivi, statini, ACE inhibitori, lekovi za
regulaciju sréanog rada) i porodi¢na istorija kardiovaskularnih bolesti.
Za istraZivanja koja bi se radila na Farmaceutskom fakultetu uzimala bi se puna venska krv iz
periferne vene nakon no¢nog gladovanja. Pacijentima bi ukupno bilo uzeto 13 mL krvi prema
slede¢em protokolu: 1 vakutainer sa EDTA antikoagulansom od 3 mL i 1 serumski vakutainer sa
serum separator gelom od 10 mL. Svi uzorci bi nakont ransporta na Farmaceutski fakutet bili
obradeni i skladisteni na -80°C do daljeg analiziranja. Osnovni biohemijski i hematologki profil
pacijenata bio bi odreden u laboratoriji Sluzbe za laboratorijsku dijagnostiku KBC ,Dr Dragisa
Misovi¢-Dedinje* u okviru redovnog kontrolnog pregleda pacijenata koji se le¢e na Odeljenju
endokrinologije, a koji budu prihvatili u¢e$ce u istraZivanju.
U biohemijskoj laboratoriji KBC ,,Dr Dragisa MiSovi¢-Dedinje* vrdilo bi se odredivanje:
parametara za prafenje metaboli¢ke kontrole i procenu insulinske rezistencije (glukoza, HbA,q,
insulin), parametara lipidnog statusa (ukupan holesterol, LDL-holesterol, HDL-holesterol,
trigliceridi), parametara za procenu bubreZne funkcije (kreatinin, mokraéna kiselina,
mikroalbuminurija), enzimskog profila jetre (AST, ALT, LDH, GGT), ukupnih proteina, hsCRP i
completne krvne slike.

o



toriji Katedre ici ' ii
v ;;:::ra j za medicinsku biohemiju Farmaceutskog fakulteta radile bi se sledece
. stepen globalne DNK metilacije u leukocitima periferne krvi
. duZina telomera i aktivnost telomerase u leukocitima periferne krvi
. biomarkeri dislipidemije: veli¢ina i raspodela LDL i HDL subfrakc;ja
. aktivnost lipidnih transfernih proteina u serumu: LCAT i CETP. ’
. biofnarl.(eri oksidativnog stresa: TOS (totalni oksidativni sta;us), PAB (prooksidativno-
antioksidativni balans), MDA (malondialdehid), IMA (ishemijom modifikovan albumin),

T.AS (totalni antioksidativni status), SH-grupe (sulfhidrilne grupe), SOD (superoksid
dismutaza), PON1 (paraoksonaza 1),

. biomarkeri uznapredovale glikacije i oksidacije proteina (AGE, AOPP).

U donogenju predmetne odluke ugestvovali su, posle glasanja, sledeéi &lanovi Etitkog odbora
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KI?C _Dr Dragia MiSovi¢ — Dedinje®, Odeljenje kardiologije

- Prim.dr sci med Dragana Kuljié-Obradovi¢, &lan, Upravnik Bolnice za neurologiju KBC
,Dr Dragi$a MiSovi¢ - Dedinje®

. Dr Miroslav Cvetanovié, Klinika za hirurgiju, Sef odseka kolorektalne hirurgije, ¢lan

. Dr Vladislav Pesi¢, ¢lan, Klinika za urologiju KBC ,,Dr Dragi3a Misovi¢ — Dedinje®,
Stacionarno I odeljenje

. Jovanka Zegevi¢, advokat

- Mirko Mrki¢, ¢lan, advokat
Eti¢ki odbor KBC ,.Dr Dragisa Mi§ovic’:—D_qgi_"1_nje“ radi po principima GCP/ICH.

/ APISNIK VODILA, P ZAMENJK PREDSEDNIKA ETICKOG ODBORA,
(o sSias | sV lovi¢ Kleut

%r [(7/ a0t /)"c\




International Journal of

K

Molecular Sciences

Article

Global DNA Methylation in Poorly Controlled Type 2 Diabetes
Mellitus: Association with Redox and Inflammatory Biomarkers

4,5

Sanja Vujcic 1, Jelena Kotur-Stevuljevic !, Zoran Vujcic 2, Sanja Stojanovic 3, Teodora Beljic Zivkovic ,

Miljanka Vuksanovic 45, Milica Marjanovic Petkovic
Sanja Ilic-Mijailovic ¢, Manfredi Rizzo

and Jelena Vekic I'*

check for
updates

Academic Editor: Antonio Lucacchini

Received: 9 June 2025
Revised: 9 July 2025
Accepted: 11 July 2025
Published: 13 July 2025

Citation: Vujcic, S.; Kotur-Stevuljevic,
J.; Vujcic, Z.; Stojanovic, S.; Beljic
Zivkovic, T.; Vuksanovic, M.;
Marjanovic Petkovic, M.; Perovic
Blagojevic, I.; Koprivica-Uzelac, B.;
Ilic-Mijailovic, S.; et al. Global DNA
Methylation in Poorly Controlled Type
2 Diabetes Mellitus: Association with
Redox and Inflammatory Biomarkers.
Int. ]. Mol. Sci. 2025, 26, 6716. https://
doi.org/10.3390/ijms26146716

Copyright: © 2025 by the authors.
Licensee MDP], Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license

(https:/ /creativecommons.org/
licenses /by /4.0/).

4,5 6

, Branka Koprivica-Uzelac °,
8

, Iva Perovic Blagojevic

7(D, Aleksandra Zeljkovic 10, Tatjana Stefanovic 8, Srecko Bosic

Department of Medical Biochemistry, University of Belgrade-Faculty of Pharmacy, 11000 Belgrade, Serbia;
sanja.vujcic@icloud.com (5.V.); jelena.kotur@pharmacy.bg.ac.rs (J.K.-S.);
aleksandra.zeljkovic@pharmacy.bg.ac.rs (A.Z.)

Department of Biochemistry, University of Belgrade-Faculty of Chemistry, 11000 Belgrade, Serbia;
zvujcic@chem.bg.ac.rs

Department of Chemistry, University of Belgrade-Institute of Chemistry, Technology and Metallurgy,
11000 Belgrade, Serbia; sanja.stojanovic@ihtm.bg.ac.rs

Department of Internal Medicine, University of Belgrade-Faculty of Medicine, 11000 Belgrade, Serbia;
beljicdora@gmail.com (T.B.Z.); miljankavuk@gmail.com (M.V.); drmilicamarjanovic@gmail.com (M.M.P.)
Division of Endocrinology, Diabetes and Metabolic Disorders, Department of Internal Medicine,
Zvezdara University Medical Center, 11000 Belgrade, Serbia

Clinical Hospital Center “Dr. Dragisa Misovic-Dedinje”, 11000 Belgrade, Serbia; ivapb17@gmail.com (LP.B.);
bkoprivica@beotel.net (B.K.-U.); ilicsanja1969@yahoo.com (S.1.-M.)

Department of Health Promotion, Mother and Child Care, Internal Medicine and Medical Specialties,
University of Palermo, 90100 Palermo, Italy

General Hospital Pozarevac, 12000 Pozarevac, Serbia; tatjanastefanovicpo@gmail.com (T.S.);
delboske2@gmail.com (S.B.)

*  Correspondence: jelena.vekic@pharmacy.bg.ac.rs

Abstract

Although emerging evidence suggests that epigenetic mechanisms contribute to the patho-
genesis and progression of type 2 diabetes mellitus (T2DM), data remain limited for patients
with suboptimal metabolic control. The aim of this study was to assess global DNA methy-
lation in patients with poorly controlled T2DM and to identify diabetes-related factors
associated with DNA methylation levels. The study included 107 patients and 50 healthy
controls. Global DNA methylation (5mC) was measured by UHPLC-DAD method. Pro-
oxidant and antioxidant biomarkers, advanced glycation end-products, high-sensitivity
C-reactive protein (hsCRP) and complete blood count were determined and leukocyte
indices calculated. Patients had a significantly lower 5mC than controls (3.56 £ 0.31% vs.
4.00 £ 0.68%; p < 0.001), with further reductions observed in those with longer disease du-
ration and diabetic foot ulcers. Oxidative stress and inflammatory biomarkers were higher
in the patient group. DNA hypomethylation was associated with a higher monocyte-to-
lymphocyte ratio and hsCRP, pro-oxidant-antioxidant balance, ischemia-modified albumin,
and advanced oxidation protein products levels. Conversely, 5mC levels showed positive
correlations with total antioxidant status and total sulthydryl groups. Principal component
analysis identified five key factors: proinflammatory, pro-oxidant, aging, hyperglycemic,
and antioxidant. The pro-oxidant factor emerged as the sole independent predictor of
global DNA hypomethylation in T2DM (OR = 2.294; p = 0.027). Our results indicate that
global DNA hypomethylation could be a biomarker of T2DM progression, reflecting the
complex interactions between oxidative stress, inflammation, and epigenetic modifications
in T2DM.
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1. Introduction

Type 2 diabetes mellitus (T2DM) and its related complications continue to pose a major
public health challenge [1]. Recent studies emphasize the role of epigenetic dysregulation
in T2DM, particularly in the development of microvascular and macrovascular complica-
tions [2]. One of the most studied epigenetic modifications is DNA methylation, in which
a methyl group is added to the 5-carbon of cytosine in CpG dinucleotides. This process
is catalyzed by DNA methyltransferases (DNMTs) [3]. DNA methylation is considered a
crucial epigenetic mechanism due to its role in regulating gene expression, including genes
involved in glucose [4] and lipid metabolism [5].

Oxidative stress and inflammation are frequently present in poorly controlled
T2DM [6]. Novel findings suggest that these factors may cause changes in DNA methy-
lation [7]. Chronic hyperglycemia through several metabolic pathways contributes to the
overproduction of reactive oxygen species (ROS), which can overcome the body’s own
antioxidant defense, leading to oxidative stress [8]. Additionally, persistent hyperglycemia
leads to the formation of advanced glycation end-products (AGEs), which may further
increase ROS production through their interaction with receptors for AGEs (RAGE) [9]. Gly-
coxidative modifications of proteins such as IgG have been implicated in the immunopathol-
ogy of T2DM, supporting the pathological relevance of AGEs in the disease process [10]. It
has been established that ROS may affect DNA methylation through direct DNA damage or
interaction with DNMTs [11]. Although a direct link between AGEs and DNA methylation
has not yet been fully established, it may involve common pathways. Both oxidative stress
and AGEs promote the production of proinflammatory cytokines and activate the nuclear
factor kappa-B (NF-kB) pathway, which can alter the activity of DNMTs, leading to changes
in DNA methylation [12]. These epigenetic alterations can further affect genes involved in
inflammation and the oxidative stress response, creating a feedback loop that accelerates
the progression of T2DM.

Laboratory assessment of global DNA methylation, by estimating the 5-methylcytosine
(5mC) percentage in total cytosine within DNA, could be a potentially useful epigenetic
biomarker for screening DNA methylation status. While it is known that hypermethylation
of gene promoters leads to their silencing, the effects of alterations in global DNA methy-
lation on the pathophysiology of complex diseases, particularly T2DM, are not yet fully
understood [13]. Previous studies have reported conflicting results, finding both global
DNA hypomethylation [14] and hypermethylation [15] in T2DM. However, data are limited,
especially regarding DNA methylation in patients with poorly controlled diabetes. This
study focuses on its interplay with oxidative stress and inflammation, aiming to address
the still-existing gap in the current understanding of the role of DNA methylation in the
pathophysiology of T2DM.

The aim of this study was to examine DNA methylation patterns in patients with
poorly controlled T2DM. Specifically, we aimed to determine whether significant differ-
ences in DNA methylation levels exist between patients with and without diabetes-related
complications and to identify the diabetes-related factors that influence global DNA methy-
lation levels.
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2. Results

The demographic and laboratory data of the T2DM patients and the control group
(CG) are summarized in Table 1. The patients were older and had a higher proportion
of males. In addition, T2DM patients had higher systolic blood pressure and prevalence
of hypertension, as well as a higher body mass index (BMI) and prevalence of obesity, as
compared to the CG. The proportion of smokers was also higher in the T2DM group. As
expected, the patients had significantly higher levels of glucose and glycated hemoglobin
(HbA1.). The analysis of lipid status showed that the patients had higher triglycerides (TG),
but lower levels of total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C),
and low-density lipoprotein cholesterol (LDL-C) than the controls.

Table 1. Demographic and laboratory data of study participants.

Parameters CG T2bM p
(N =56) (N =107)

Age, years 52.6 9.3 (57) 62.0 £ 11.3 (62.5) <0.001
Gender, m/f 20/36 60/47 0.021
BMI, kg/m? 25.6 + 3.6 (25.9) 31.5 £+ 6.8 (29.6) <0.001
Obesity, % 7.1 49.5 <0.001
Systolic blood pressure, mm Hg 122.4 +20.3 (124) 133.9 £ 20.7 (130) 0.001
Diastolic blood pressure, mm Hg 80.5 + 10.8 (85) 80.5 + 11.7 (80) 0.990
Hypertension, % 35.7 88.7 <0.001
Smoking, % 54 38.3 <0.001
Glucose, mmol/L 5.23 4+ 0.61 (5.20) 10.60 + 4.08 (10.05) <0.001
HbA ., % 34+1.1(3.2) 9.9 + 1.9 (10.0) <0.001
TC, mmol/L 6.17 £ 1.14 (6.27) 4.61 4+ 1.21 (4.70) <0.001
LDL-C, mmol/L 3.88 &+ 1.01 (4.29) 2.64 £0.99 (2.70) <0.001
HDL-C, mmol/L 1.65 + 0.39 (1.50) 1.06 + 0.39 (1.00) <0.001
TG, mmol /L # 1.19 (0.98-1.54) 1.75 (1.10-2.65) <0.001

Abbreviations: BMI—body mass index; HbA;.—glycated hemoglobin; TC—total cholesterol; LDL-C—LDL-
cholesterol, HDL-C—HDL-cholesterol, TG—triglycerides. Data were shown as mean =+ standard deviation and as
medians (in parentheses) and as absolute or relative frequencies. # Data were shown as median (Q1-Q3).

In our T2DM group, the median duration of diabetes was 10 years (interquartile range:
3-15 years), with approximately one-third (35.5%) of patients having had T2DM for more
than 10 years. Regarding complications of diabetes, 48 patients (44.9%) had cardiovascular
disease (CVD), and 66 patients (58.9%) had microvascular complications. Neuropathy
was present in 51 (47.7%), retinopathy in 8 (7.5%), and nephropathy in 17 (15.9%) patients,
while 25 patients (23.4%) had diabetic foot ulcers. Almost a third of our patients (39.9%)
experienced both microvascular and macrovascular complications.

The levels of global DNA methylation in T2DM patients and CG are shown in
Figure 1. T2DM patients had significantly lower 5mC levels (3.56 + 0.31%) than con-
trols (4.00 = 0.68%; p < 0.001). The observed difference persisted even after adjustment for
age and gender (adjusted means for 5mC: 3.57 &£ 0.45% in T2DM vs. 3.98 £ 0.55% in CG;
p < 0.001).
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Figure 1. Global DNA methylation in CG and T2DM patients. Abbreviations: CG—control group;
T2DM—type 2 diabetes mellitus; 5mC—5-methylcytosine. Data were shown as mean =+ standard
deviation and compared by Student’s t-test.

A correlation analysis showed that the global DNA methylation level was inversely
associated with age (r = —0.213; p = 0.009) and serum glucose concentration (r = —0.388;
p < 0.001). On the other hand, a positive association was found between global DNA
methylation and HDL-C level (r = 0.228; p = 0.008).

We further analyzed whether the level of global DNA methylation differs depending
on the clinical characteristics of the T2DM patients studied (Table 2). This analysis showed
that patients with a T2DM duration of >10 years had significantly lower global DNA
methylation levels than those who had diabetes for less than 10 years. Reduced global DNA
methylation was also observed in T2DM patients who smoke, although the difference did
not reach statistical significance. Regarding T2DM complications, there was no difference
in 5mC levels between patients with and without CVD. However, a trend towards reduced
global DNA methylation was observed in patients with microvascular complications.
Patients with diabetic foot ulcers exhibited significantly lower global DNA methylation
levels than patients without this complication.

In order to elucidate factors affecting global DNA methylation, we first analyzed the
levels of F-AGEs in both groups. The results showed that F-AGEs levels in T2DM patients
(median: 5.44 U/mL, Q1-Q3: 4.91-7.71 U/mL) were comparable to those of CG (median:
5.82 U/mL, Q1-Q3: 4.57-6.71 U/mL; p = 0.139). There was no significant correlation
between global DNA methylation and F-AGEs levels (r = 0.060; p = 0.478).
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Table 2. Global DNA methylation according to the clinical characteristics of T2DM patients.

Category of T2DM Patients N 5mC, % p
Gender
Male 60 3.56 £ 0.27 0.912
Female 47 3.56 + 0.35
BMI
<25 kg/m? 54 3.53 +0.33 0.246
>25 kg/m? 53 3.60 + 0.29
Diabetes duration
<10 years 69 3.62 £0.33 0.027
>10 years 38 3.48 £0.24
Smoking
No 66 3.53 £ 0.28 0.090
Yes 41 3.64 £0.34
CVD
No 59 3.58 + 0.34 0.676
Yes 48 3.55+0.27
Microvascular
complications
No 41 3.63 £0.36 0.060
Yes 66 3.51+0.26
Neuropathy
No 56 3.60 £+ 0.36 0.236
Yes 51 3.52 £0.24
Retinopathy
No 99 3.55 £ 0.32 0.324
Yes 8 3.67 £0.16
Nephropathy
No 90 3.58 + 0.31 0.097
Yes 17 3.45+£0.30
Diabetic foot ulcers
No 82 3.60 £+ 0.32 0.037
Yes 25 3.45+0.26

Data are shown as mean + standard deviation.

Next, we analyzed inflammatory and redox biomarkers in T2DM patients and con-
trols (Table 3). Inflammatory markers such as high-sensitivity C-reactive protein (hsCRP)
and blood-count derived biomarkers (neutrophil-to-lymphocyte ratio (NLR), monocyte-
to-lymphocyte ratio (MLR), monocyte-to-white blood cell ratio (MWR)) were significantly
elevated in T2DM patients. Pro-oxidant biomarkers (total oxidant status (TOS) and
pro-oxidant-antioxidant balance (PAB)) and biomarkers of oxidative damage (ischemia-
modified albumin (IMA) and advanced oxidation protein products (AOPP)) were sig-
nificantly increased in T2DM patients (p < 0.001), while antioxidant defense biomarkers
(total antioxidant status (TAS), total sulfhydryl (SH) groups) were significantly reduced
(p <0.001).
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Table 3. Inflammatory and redox biomarkers in the studied groups.

Bi K CG T2DM
iomarkers (N = 56) (N = 107) p
Inflammatory
biomarkers
hsCRP, mg/L 0.30 (0.10-0.85) 5.80 (1.85-13.55) <0.001
NLR 1.95 (1.35-2.17) 2.19 (1.63-2.93) 0.013
NWR 0.60 (0.53-0.63) 0.60 (0.54-0.67) 0.407
MLR 0.16 (0.13-0.20) 0.24 (0.20-0.31) <0.001
MWR 0.05 (0.04-0.06) 0.06 (0.05-0.08) <0.001
LWR 0.31 (0.29-0.38) 0.28 (0.23-0.34) 0.001
106.90 111.00
PLR (89.75-138.80) (91.10-150.70) 0.326
Pro-oxidant
biomarkers
TOS, umol/L 4.5 (4.0-6.0) 6.60 (4.7-8.0) <0.001
PAB, U/L 74.24 (60.30-84.10)  88.33 (67.60-127.20) <0.001
Oxidative damage
biomarkers
IMA, AU 0.28 (0.20-0.33) 0.55 (0.47-0.62) <0.001
AOPP, umol/L 19.20 (18.25-27.35)  48.90 (36.60-58.90) <0.001
Antioxidant
defense biomarkers
1290.0 962.00
TAS, pmol/L (1217.0-1384.5) (714.0-1120.0) <0.001
SH-groups, .
mmol /L 0.35 (0.31-0.39) 0.25 (0.19-0.31) <0.001
SOD, U/L 133 (124-141) 136 (126-142) 0.162

Abbreviations: hsCRP—high-sensitivity C-reactive protein; NLR—neutrophil-to-lymphocyte ratio;
NWR—neutrophil-to-white blood cell ratio, MLR—monocyte-to-kymphocyte ratioo MWR—monocyte-
to-white blood cell ratio; LWR—Ilymphocyte-to-white blood cell ratio; PLR—platelet-to-lymphocyte ratio;
TOS—total oxidant status; PAB—pro-oxidant antioxidant balance; IMA—ischemia-modified albumin;
AOPP—advanced oxidation protein products; TAS—total antioxidant status; SH-groups—total sulfhydryl groups;
SOD—superoxide dismutase. Data are shown as median (Q1-Q3).

Further analysis was performed to investigate the correlations of 5mC levels with
inflammatory and redox biomarkers (Table 4). It was found that the 5mC levels were
significantly negatively correlated with hsCRP and MLR. Regarding redox biomarkers, 5mC
levels exhibited significant negative correlations with PAB, IMA, and AOPP. Conversely,
5mC levels showed positive correlations with the levels of antioxidative defense biomarkers
TAS and SH-groups.

Multiple linear regression analysis with stepwise selection was performed to identify
potential independent associations between global DNA methylation and variables that
showed significant correlations with 5mC levels in univariate analysis. In particular, the
following variables were included in the model: age, gender, glucose, hsCRP, MLR, PAB,
IMA, AOPP, TAS, and SH-groups. In the multivariate analysis, global DNA methylation
level remained significantly inversely associated with age (3 = —0.254; p = 0.004), while
showing positive associations with the antioxidant biomarkers TAS (5 = 0.342; p < 0.001)
and SH-groups (3 = 0.204; p = 0.023).

To test which of the investigated variables are possible independent predictors of
DNA hypomethylation in T2DM, we first reduced the number of parameters by principal
component analysis (PCA). The factors extracted by PCA analysis were composed of
parameters with a comparable level of variability. The Kaiser-Meyer—Olkin index, as a
measure of sampling adequacy, was 0.562 (fulfilling the condition of KMO >0.500), and the
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Bartlett’s test of sphericity, which yielded p = 0.001 (the condition for the Bartlett’s test p is
below 0.05), established the analysis’s significance. The extracted factors with loadings of
the included variables are presented in Table 5.

Table 4. Correlations of 5mC level with inflammatory and redox biomarkers.

5mC, %
r 14
Inflammatory biomarkers
hsCRP, mg/L —0.388 <0.001
MLR —0.174 0.035
Redox biomarkers
PAB, U/L —0.343 <0.001
IMA, AU —0.412 <0.001
AOPP, umol/L —0.214 0.009
TAS, pmol/L 0.386 <0.001
SH-groups, mmol/L 0.316 <0.001

Abbreviations: hsCRP—high-sensitivity C-reactive protein, MLR—monocyte-to-lymphocyte ratio; PAB—pro-
oxidant-antioxidant balance; IMA—ischemia-modified albumin; AOPP—advanced oxidation protein products;
TAS—total antioxidant status; SH-groups—total sulfhydryl groups.

Table 5. Factors extracted in PCA.

Factors Variables Included in the Loadings of the Factor Variability, %
Factor Variables (Total Variance: 58%)
hsCRP, mg/L 0.774
SOD, U/L —0.689
Proinflammatory factor NLR 0.621 18
PAB,U/L 0.607
IMA, AU 0.576
TOS, umol/L 0.708
Pro-oxidant factor AOPP, umol /L 0.643 12.5
BMI, kg/m? 0.599
. Age, years 0.757
Ageing factor Diabetes duration, years 0.723 105
F-AGEs, U/mL 0.687
Hyperglycemic factor Glucose, mmol /L —0.544 9
Gender 0.525
Antioxidant factor SH-groups, mmol/L 0.715 8

Abbreviations: hsCRP—high-sensitivity C-reactive protein; SOD—superoxide dismutase; NLR—neutrophil-to-
lymphocyte ratio; PAB—pro-oxidant-antioxidant balance; IMA—ischemia-modified albumin; TOS—total oxidant
status; AOPP—advanced oxidation protein products; BMI—body mass index; F-AGEs—fluorescent advanced
glycation end-products; SH-groups—total sulthydryl groups.

The factors extracted in the PCA analysis explained 58% of the variance of the in-
cluded parameters. The first factor was characterized by positive loadings for hsCRP, NLR,
PAB and IMA, and a negative loading for superoxide dismutase (SOD) activity. It was
interpreted as the “proinflammatory factor” and explained 18% of the total variance. The
second factor explained 12.5% of the total variance and was denoted as the “pro-oxidant
factor” due to positive loadings for TOS, AOPP levels and BMI. The third factor captured
10.5% of the total variance and was named the “ageing factor” due to positive loadings
for patients’ age and diabetes duration. The fourth factor was termed the “hyperglycemic
factor,” and was characterized by positive loadings for F-AGEs and gender and negative
loading for glucose concentration. This factor explained 9% of the total variance. The
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fifth factor included SH-groups with a positive loading, and was therefore labelled the
“antioxidant factor”, which explained 8% of the total variance.

Binary logistic regression analysis with the PCA-derived factor scores as independent
variables was used to assess their potential independent association with DNA hypomethy-
lation (5mC < 3.40%). As shown in Table 6, among the extracted factors, the sole significant
predictor of DNA hypomethylation was the “pro-oxidant factor”. Specifically, an increased
“pro-oxidant factor” significantly increased the probability of low 5mC levels (OR= 2.294;
p =0.027).

Table 6. Logistic regression analysis for prediction of DNA hypomethylation by PCA-derived factors.

Wald

Predictors B (SE) Coefficient OR (95% CI) P
Proinflammatory factor —0.777 (0.476) 3.074 0.460 (0.193-1.096) 0.080
Prooxidant factor 0.830 (0.377) 4.863 2.294 (1.097—4.798) 0.027
Ageing factor —0.120 (0.346) 0.120 0.887 (0.450-1.749) 0.730
Hyperglycemic factor 0.278 (0.410) 0.460 1.321 (0.591-2.949) 0.498
Antioxidant factor 0.173 (0.406) 0.181 1.188 (0.537-2.631) 0.671

Abbreviations: SE—standard error; OR—odds ratio; CI—confidence interval.

3. Discussion

In the presented study, we have demonstrated that poorly controlled T2DM patients
have decreased global DNA methylation. In addition, our data suggest a further decrease
in global DNA methylation levels with increasing age and duration of diabetes, as well as in
the presence of microvascular complications, particularly diabetic foot ulcers. Furthermore,
significant associations were observed between global DNA methylation and biomarkers
of inflammation and redox status, while the “pro-oxidant factor” emerged as the only
significant predictor of DNA hypomethylation in poorly controlled T2DM.

DNA methylation is a fundamental epigenetic modification in which a methyl group
is added to DNA, typically to cytosine in CpG dinucleotides, leading to changes in gene
expression without altering the DNA sequence [3]. In T2DM, aberrant DNA methylation
patterns have been observed in genes involved in glucose metabolism and insulin signal-
ing pathways [16,17]. These epigenetic changes can be further influenced by oxidative
stress and chronic inflammation, which typically occur in poorly controlled T2DM. DNA
methylation, in addition to serving as a link between environmental factors and genetic pre-
disposition to T2DM, could also be a valuable biomarker for monitoring disease progression.
However, while global DNA methylation has been extensively studied in cancer, studies in
T2DM have been very limited, and the reported results are conflicting. In the current study,
T2DM patients had significantly lower 5mC levels compared to control subjects (Figure 1).
Consistent with our results, Luttmer et al. [14] found DNA hypomethylation in individuals
with high fasting plasma glucose levels. In addition, Thongsroy et al. [18] found a decrease
in DNA methylation with increased HbA. levels. In contrast, Pinzén-Cortés et al. [15]
reported no difference in 5mC levels in T2DM patients compared to healthy controls, but
found hypermethylation in poorly regulated T2DM. Recently, Muka et al. [19] conducted a
systematic review, and established an inconsistent association between global DNA methy-
lation and T2DM, highlighting the current lack of studies in this area, and the need for
further research.

One of the possible reasons for such inconsistencies could be the use of different
methods for assessing global DNA methylation across studies. While the HPLC method
is considered the gold standard, other techniques such as ELISA, Alu, and LUMA are
commonly used due to their simplicity and cost-effectiveness [20]. However, the use of



Int. J. Mol. Sci. 2025, 26, 6716

90f18

different methodological approaches complicates result interpretation and limits the com-
parability of findings across studies, indicating the need for harmonization. Furthermore,
discrepancies in the results may also be influenced by the characteristics of the patients
included in the studies. For instance, our patients were older and had higher HbA . levels
than the patients included in the study by Pinzén-Cortés et al. [15]. In addition, our study
had a higher proportion of male patients and a greater obesity rate in the T2DM group. Of
note, although our patients were older and included a higher proportion of males compared
to the CG, the observed difference in global DNA methylation levels remained significant
even after adjustment for age and gender. In the current study, we did not perform a
gender-specific analysis, despite a significant difference in the gender distribution among
participants. Future studies with larger and more balanced cohorts are needed to explore
potential sex-specific effects on global DNA methylation and its association with oxidative
stress and inflammation.

Analysis of global DNA methylation in relation to the clinical characteristics of our
patients revealed that patients with a longer duration of diabetes and those with diabetic
foot ulcers had lower global DNA methylation levels (Table 2), suggesting that chronic
hyperglycemia and severe complications might exacerbate epigenetic changes, and vice
versa. Current data on patients with poorly controlled T2DM and developed complications
are very limited. Maghbooli et al. [21] found that global DNA methylation is a potential
biomarker of diabetic retinopathy, by comparing global DNA methylation between T2DM
patients with and without retinopathy. In this study, however, no difference in 5mC levels
was found between patients with and without retinopathy, likely due to the small number
of patients with this microvascular complication. Zhang et al. [22] found a decrease in
DNA methylation in diabetic neuropathy. Consistent with this finding, a trend towards de-
creased 5mC levels was observed in our patients with neuropathy, while it was significantly
decreased in patients with diabetic foot ulcers. Additionally, we detected a trend towards
global DNA hypomethylation in patients with nephropathy, although the difference did
not reach statistical significance. Although meaningful trends were observed, the relatively
small number of participants in certain subgroups, particularly those with diabetic retinopa-
thy, may have limited the ability to detect statistically significant associations. As such,
some findings should be interpreted with caution, bearing in mind the limited statistical
power rather than the lack of a true association. Future studies with larger and more evenly
distributed patients are needed to confirm and expand upon these observations.

Studies investigating the link between global DNA methylation and CVD risk have
reported significant associations with both increased [23] and decreased [24] global DNA
methylation levels. It is important to note that global hypomethylation has been specifically
associated with atherosclerotic plaques [25]. Wang et al. [26] found global hypomethylation
and the subsequent upregulation of genes implicated in cytokine—cytokine receptor interac-
tions and the MAPK signaling pathway. These molecular changes promote inflammatory
responses by recruiting immune cells, thereby contributing to both plaque formation and
instability. Additionally, activation of the MAPK signaling pathway by cytokines and
stress signals facilitates smooth muscle cell proliferation, macrophage foam cell formation,
and apoptosis, processes that drive plaque progression and increase the risk of rupture.
Similarly, Zuo et al. [27] demonstrated a correlation between hypomethylation of the
interleukin-6 promoter and the development of coronary artery disease. In the current
study no significant differences in 5mC levels were observed in relation to the presence of
CVD. A possible explanation could be that DNA methylation is affected by both genetic
and environmental factors, which could contribute to the inconsistency in the association
with CVD observed in the studies. Patient-related factors, such as lifestyle habits, med-
ication use and other comorbidities might also contribute to inconsistent results among
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studies. Furthermore, since CVD encompasses a broad spectrum of conditions, changes in
DNA methylation could occur at earlier stages of disease development, making it difficult
to detect differences at a single time point. Finally, global DNA methylation may vary
between tissues. In the current study, peripheral blood mononuclear cells (PBMCs) were
used, as liquid-biopsy is considered the most convenient minimally invasive procedure for
obtaining biological samples for DNA methylation analysis [28].

One of the known consequences of chronic hyperglycemia is the accumulation of
AGEs and increased expression of RAGE, whose interaction activates the NF-«B signaling
pathway [9]. This leads to the production of proinflammatory and prothrombotic factors
and further ROS generation, which promotes angiogenesis, oxidative stress, and cell
proliferation, thereby contributing to the development of microvascular and macrovascular
complications [29]. In the current study, no significant difference in F-AGEs levels was
observed between T2DM patients and controls, and there was no significant correlation
between global DNA methylation and AGEs levels. Previous studies have emphasized the
role of AGEs in the pathogenesis of diabetic complications [30,31], but their direct impact on
DNA methylation remains unclear. At this point, it should be mentioned that the method
used for the assessment of AGEs has certain limitations, as it only detects fluorescent AGEs,
which represent a smaller fraction of the total AGEs in serum. Furthermore, AGEs in serum
represent only a part of the body’s AGE pool, which includes both circulating AGEs and
AGEs accumulated in tissues, whose contribution remains unknown [31]. Our finding of
an inverse correlation between 5mC levels and both age and serum glucose concentration
(Table 3) suggests that advanced age and poor glycemic control may contribute to altered
DNA methylation patterns. However, although PCA analysis (Table 5) extracted “ageing”
and “hyperglycemic” factors, including glucose and F-AGEs levels, these factors were not
shown to be independent predictors of global DNA hypomethylation in this patient group
(Table 6). This brings to attention the need to further investigate the role of glucose itself
and F-AGEs on DNA methylation in patients with poorly controlled diabetes.

Another feature of poorly regulated T2DM is the presence of oxidative stress and
inflammation (Table 2), both of which can promote DNA hypomethylation by affecting key
enzymes involved in epigenetic regulation, namely DNMTs and ten-eleven translocation
(TET) enzymes [32]. DNMTs are responsible for maintaining established DNA methylation
patterns and adding new methyl groups, a process known as de novo methylation. In
contrast, TET enzymes catalyze the reverse process, by initiating DNA demethylation
through the oxidation of 5mC to 5-hydroxymethylcytosine (ShmC), ultimately resulting in
the demethylation of cytosine. Since molecular oxygen is required for TET activity, oxidative
stress could increase TET activity due to the increased bioavailability of oxygen, leading
to the production of 5hmC and subsequent DNA demethylation [33]. In addition, ROS
inhibit DNMT activity by directly oxidizing the enzyme, altering its structure and function,
and damaging DNA, which prevents proper DNMT binding [34]. Besides, ROS can
interfere with the availability of the essential cofactor S-adenosylmethionine (SAM), which
serves as a methyl group donor, further reducing DNA methylation. Indeed, multivariate
regression analysis identified older age and exhausted antioxidative defense mechanisms
as significant independent predictors of reduced global DNA methylation levels in our
T2DM patients. More importantly, PCA analysis has identified the “pro-oxidant factor”
as the only independent predictor of DNA hypomethylation (Table 6). These associations
suggest that exacerbated OS is a major driver of aberrant DNA methylation in poorly
controlled T2DM.

Our findings contribute to the growing body of evidence linking oxidative stress and
inflammation to global DNA methylation alterations in T2DM. In our cohort, patients with
poorly controlled T2DM exhibited significantly disturbed redox balance, as reflected by
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increased TOS, PAB, IMA, and AOPP levels, alongside decreased TAS and SH-groups
(Table 3). As previously described, oxidative stress can affect global DNA methylation
through both direct DNA damage and modulation of DNMT and TET enzymes [32,33]. In
support of this, we observed negative correlations between 5mC levels and pro-oxidant
biomarkers, and positive correlations with antioxidative defense biomarkers (Table 4), sug-
gesting redox-influenced regulation of global DNA methylation. Inflammation also appears
to influence the observed epigenetic patterns. Previous studies have shown that inflamma-
tory cytokines such as TNF-o and IL-6 can modulate DNMT expression via NF-kB signaling,
ultimately leading to global DNA hypomethylation [35]. Moreover, chronic inflamma-
tion, particularly TNF-a, contributes to ROS production, thereby indirectly promoting
DNA hypomethylation [36]. In our study, hsCRP and MLR were significantly elevated in
the T2DM group (Table 3) and showed negative correlations with 5mC levels (Table 4),
suggesting that sustained inflammation may contribute to global DNA hypomethylation.
In line with our results, Cucoreanu et al. [37] reported a link between elevated CRP and
reduced global DNA methylation in obese individuals. Taken together, these findings
suggest that persistent oxidative stress and inflammation in poorly controlled T2DM may
contribute to epigenetic remodeling, and that such molecular changes are reflected in
accessible blood-based redox, inflammatory and epigenetic biomarkers.

Emerging evidence suggests that nicotinamide N-methyltransferase (NNMT), an
enzyme that catalyzes the methylation of nicotinamide, may play a role in the patho-
physiology of T2DM and metabolic syndrome. NNMT activity affects both methyl group
availability, by consuming SAM, and NAD™ biosynthesis, by depleting nicotinamide and
limiting the NAD salvage pathway [38,39]. These metabolic effects have been linked
to increased oxidative stress, insulin resistance, and enhanced production of proinflam-
matory mediators such as TNF-«, IL-6, and CRP [40]. In this context, elevated NNMT
expression may represent a shared upstream mechanism contributing to the observed
alterations in global DNA methylation, redox imbalance, and chronic inflammation in
poorly controlled T2DM. Although NNMT expression was not investigated in our study,
its potential relevance to the epigenetic landscape warrants further exploration. Notably,
several NNMT inhibitors have already been developed, some of which show promise in
restoring metabolic balance and attenuating inflammation and oxidative stress [41-43]. The
inclusion of NNMT-related pathways in future epigenetic and biomarker studies may offer
new mechanistic and therapeutic perspectives.

At present, DNA methylation is considered an integral part of the “metabolic memory”
concept, which has been proposed to explain the long-term effects of glycemic control
on the risk of diabetes complications. Metabolic memory refers to the phenomenon in
which past episodes of hyperglycemia leave lasting effects on cellular function and gene
expression, even after glycemic control is improved [44]. Our findings, which demonstrate
significantly altered DNA methylation patterns in poorly controlled T2DM patients and
their association with redox and inflammatory biomarkers (Table 4), are consistent with
the assumption of Dong et al. [44] that the persistence of metabolic memory can lead to
sustained oxidative stress and inflammation, further exacerbating epigenetic modifications
and promoting the progression of diabetic complications.

Our study has several limitations. First, the relatively small sample size and the
limited number of patients within subgroups restrict the strength of conclusions related to
specific complications. Second, the cross-sectional design precludes assessment of causality
or temporal dynamics, thereby limiting the interpretation of global DNA methylation as a
potential predictor of disease progression. Longitudinal studies with repeated measure-
ments are needed to confirm these associations over time. Third, since F-AGEs represent
only a fraction of the total AGE pool, sole reliance on F-AGEs may not fully capture the
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complexity of AGE-related oxidative damage and may partially explain the lack of correla-
tion with DNA methylation levels. Finally, the potential confounding effects of medication
use among patients cannot be excluded. To better understand the interplay between global
DNA methylation, oxidative stress and inflammation in poorly controlled T2DM, further
studies with larger cohorts, longitudinal follow-up and more comprehensive assessment of
AGEs and other confounding factors are needed.

4. Materials and Methods
4.1. Study Participants

This multicentric study involved 107 patients with poorly regulated T2DM and
56 controls. The control subjects were healthy volunteers employed at the Faculty of
Pharmacy, University of Belgrade, while the patients were recruited from the Clinical
Hospital Center Zvezdara, the Clinical Hospital Center Dr. Dragisa Misovic—Dedinje, in
Belgrade, and the General Hospital in Pozarevac. Patients were selected on the basis of
glycated hemoglobin (HbA;.) values (>7%), indicating poorly controlled diabetes. The
collected data encompassed demographic and clinical variables, including age, gender,
weight and height, smoking habits, duration of diabetes, hypertension, medications, and
presence of complications. The patients” data were collected from medical records by the
attending clinicians. The data of the control subjects were collected through interviews.
Hypertension was defined as systolic blood pressure of >130 mmHg and/or diastolic
blood pressure of >80 mmHg, or ongoing antihypertensive treatment. Obesity was defined
as a body mass index (BMI) of >30 kg/m?. BMI was calculated for each patient by dividing
weight in kilograms by the square of height in meters.

In the T2DM group, 27 patients (25.2%) received insulin, 37 patients (34.6%) were
treated with oral hypoglycemic agents (OHAs), and 31 patients (29.0%) received a com-
bination of insulin and OHAs. The remaining 12 patients (11.2%) reported no prior use
of antidiabetic therapy. In particular, of the 68 patients receiving OHAs, 29 patients
(42.65%) used metformin, 6 patients (8.82%) used sulfonylureas, 3 patients (4.41%) used
SGLT2 inhibitors, one patient (1.47%) used dipeptidyl peptidase-4 (DPP-4) inhibitors, and
one patient (1.47%) used thiazolidinediones, while 28 patients (41.2%) used two or more
types of OHAs. In addition, 19 patients (17.8%) received statins and 66 patients (61.7%)
received antihypertensives.

The study adhered to the ethical principles outlined in the Declaration of Helsinki and
received approval from the Ethics Committees of all three hospitals: Clinical Hospital Cen-
ter Dr. Dragisa Misovic—Dedinje (protocol number: 01-5656/24), Clinical Hospital Center
Zvezdara (protocol number: 15/10/2020) and General Hospital in Pozarevac (protocol
number: 7190/2020) and University of Belgrade—Faculty of Pharmacy (protocol number:
835/2 and 2566/3). Written informed consents were obtained from all study participants.

4.2. Laboratory Analyses

The blood samples were collected after overnight fasting. Serum TC, TG, and HDL-C
levels were determined using routine laboratory tests (Beckman Coulter, Brea, CA, USA).
The LDL-C levels were then calculated by the Friedewald equation. Serum glucose levels
were measured enzymatically (Dimension RxL Max, Siemens, Erlangen, Germany), and
HbA . levels were measured using an immunoturbidimetric method (Innova Star, DiaSys;
Dimension EXL, Siemens, Erlangen, Germany). The complete blood count (CBC) analysis
was performed using the Sysmex XN-1000 analyzer (Sysmex, Kobe, Japan). Leukocyte-
based indices were calculated as follows: NLR by dividing the number of neutrophils by
the number of lymphocytes, NWR by dividing the number of neutrophils by the number
of leukocytes, MLR by dividing the number of monocytes by the number of lymphocytes,
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MWR by dividing the number of monocytes by the number of leukocytes, LWR by dividing
the number of lymphocytes by the number of leukocytes, and the platelet-to-lymphocyte
ratio (PLR) by dividing the number of platelets by the number of lymphocytes.

The assessment of redox status included spectrophotometric measurement of pro-
oxidant biomarkers: TOS and PAB; oxidative damage biomarkers: IMA and AOPP; and
antioxidant defense biomarkers: TAS, SOD activity, and SH-groups content. These mea-
surements were performed according to previously published methods [45] using the ILAB
300 Plus analyzer (Instrumentation Laboratory, Milan, Italy).

The concentration of fluorescent AGEs (F-AGEs) was measured in serum using a rapid
spectrofluorimetric detection method, as previously described [46]. In brief, serum samples
were diluted 50-fold with phosphate-buffered saline (PBS) and thoroughly mixed. Then,
300 puL of the diluted serum was transferred into black 96-well plates. Absorbance was
measured at excitation and emission wavelengths of 355 nm and 460 nm, respectively, using
a Spectrofluorimeter Appliskan (Thermo Fisher Scientific, Vantaa, Finland) with Skanlt
Software 2.3 RE for Appliskan. PBS was used as a blank control. Fluorescence intensity
was expressed in arbitrary units per milliliter of serum (AU/mL).

4.3. Assessment of Global DNA Methylation

Global DNA methylation was assessed in PBMCs. The analysis of global DNA methy-
lation included several consecutive steps: isolation of PBMCs from whole blood, extraction
of DNA from PBMCs, hydrolysis of DNA to nucleosides, and quantification of nucleo-
sides using ultra-high-performance liquid chromatography with diode array detection
(UHPLC-DAD).

PBMCs were isolated from whole blood using the optimized Ficoll density gradient
method. Briefly, whole blood was collected with the K;EDTA anticoagulant and centrifuged
at 1800 g for 10 min. The white blood cells were then mixed with an equal volume of
PBS. After several centrifugation and washing steps with PBS, the PBMCs were stored
at —80 °C until use. DNA was extracted from the PBMCs using the FlexiGene DNA Kit
(Qiagen, Hilden, Germany), according to the manufacturer’s instructions. DNA quantifi-
cation was performed using the Spectrostar NANO LVis Plate (BMG Labtech, Ortenberg,
Germany). DNA purity and integrity were validated by measuring absorbance at 260 nm
and 280 nm, comparing the absorbance ratios at these wavelengths, and by agarose gel
electrophoresis. Hydrolysis of 6 ug DNA per sample was carried out using the DNA
Degradase PlusTM (Zymo Research, Irvine, CA, USA), according to the manufacturer’s
instruction. All hydrolysates were freshly prepared prior to UHPLC analysis.

The reversed-phase chromatography method was adapted from Crescenti et al. [47]
for use with small sample volumes and for faster separation. UHLPC was performed on an
UltiMate™ 3000 Basic Automated System (Thermo Fisher Scientific, Waltham, MA, USA)
with a ZORBAX Eclipse Plus C18 column (Agilent Technologies, Santa Clara, CA, USA) and
a ZORBAX Eclipse X DB-C18 HPLC guard column (Agilent Technologies, Santa Clara, CA,
USA) using methanol /water as the mobile phase. The gradient chromatography conditions
that provided the best separation were as follows: for the first 10 min, 5% methanol was
used, followed by a gradual increase to 100% methanol over the next 5 min. From 15 to
25 min, the flow was maintained with 100% methanol. Then, over the next 5 min (up
to 30 min), methanol was decreased back to 5%, and this concentration was maintained
until the end of the analysis at 60 min. The flow rate was kept constant at 1 mL/min. The
column was heated to 30 °C. Calibration curves for 5mC and deoxycytidine (dC) were
constructed, based on serial dilutions of commercially available standards. In hydrolyzed
DNA, the percentage of global DNA methylation was calculated as the percentage of 5mC
in total cytosine (5mC + dC), where concentrations were derived from the area under the
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curve (AUC) of HPLC peaks, using Chromeleon™ Chromatography Data System software
v7.2.4.8179 (Thermo Fisher Scientific, Waltham, MA, USA).

4.4. Statistical Analysis

Data were presented as means + standard deviations or medians with interquartile
ranges for continuous variables and as relative or absolute frequencies for categorical
variables. Comparisons between groups were performed using Student’s ¢-tests or Mann—
Whitney U tests for continuous variables and Chi-square tests for categorical variables.
Spearman correlation coefficients were calculated to examine associations between vari-
ables. Multiple linear regression analysis was employed to identify independent predictors
of global DNA methylation levels. PCA with varimax-normalized rotation was performed
to extract factors, which were than included in a binary logistic regression analysis to test
for a possible independent association with DNA hypomethylation in T2DM, defined as
5mC levels below the 25th percentile (6mC < 3.40%). In PCA analysis, an eigenvalue >1
was used to extract factors, and variables with factor loadings >0.5 were considered for
interpretation. Statistical analysis was performed using PASW® Statistic v.18 (Chicago, IL,
USA). A significance level of p < 0.05 was considered statistically significant.

5. Conclusions

Our research revealed that patients with poorly controlled T2DM have global DNA
hypomethylation that worsens with increasing age, longer duration of diabetes, and the
presence of microvascular complications, particularly diabetic foot ulcers. However, the
relatively small number of participants in subgroups with microvascular complications
limits the strength of conclusions that can be drawn regarding specific complications.
Additionally, we identified the “pro-oxidant factor” as a significant predictor of DNA
hypomethylation in poorly controlled T2DM. Overall, these results highlight the complex
interplay between epigenetic modifications, inflammation, and oxidative stress in poorly
controlled T2DM. Lower global DNA methylation levels in T2DM patients, particularly
in those with longer disease duration and severe complications, point out the potential
of global DNA methylation as a biomarker for disease progression. Future longitudinal
studies are essential to validate the predictive potential of 5mC for disease progression.
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DNMTs DNA Methyltransferases

DPP-4 Dipeptidyl Peptidase-4

ELISA Enzyme-Linked Immunosorbent Assay
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Diode Array Detection

hsCRP High-Sensitivity C-Reactive Protein

IMA Ischemia-Modified Albumin
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LUMA Luminometric Methylation Assay

LWR Lymphocyte-to-White Blood Cell Ratio

MAPK Mitogen-Activated Protein Kinase

MLR Monocyte-to-Lymphocyte Ratio

MWR Monocyte-to-White Blood Cell Ratio

NF-«B Nuclear Factor kappa B

NLR Neutrophil-to-Lymphocyte Ratio

NNMT Nicotinamide N-methyltransferase

NWR Neutrophil-to-White Blood Cell Ratio
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PAB Prooxidant-Antioxidant Balance

PBMC Peripheral Blood Mononuclear Cells

PBS Phosphate-Buffered Saline

PCA Principal Component Analysis

PLR Platelet-to-Lymphocyte Ratio

RAGE Receptor for Advanced Glycation End Products

ROS Reactive Oxygen Species

SAM S-adenosylmethionine

SH-groups Sulfhydryl Groups

SOD Superoxide Dismutase

T2DM Type 2 Diabetes Mellitus

TAS Total Antioxidant Status

TC Total Cholesterol

TG Triglcyerides

TET Ten-Eleven Translocation

TOS

Total Oxidant Status
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Abstract: Background and Objectives: Diabetic foot (DF) development is driven by complex interac-
tions of hyperglycemia, inflammation, and oxidative stress (OS). We aimed to investigate OS and
inflammatory biomarkers in patients with DF and their potential to improve early diagnosis and
management of DE. Materials and Methods: The prooxidant-antioxidant balance (PAB), superoxide
dismutase (SOD), total oxidative status (TOS), total sulthydryl groups (SHG), routine biochemical
parameters, and complete blood count were determined in 42 patients with type-2 DM, of which
23 patients had DF, while 19 patients were without DF complications. The neutrophils-to-lymphocyte
ratio (NLR) was evaluated as a biomarker of inflammation. Results: Patients with DF had signifi-
cantly higher (p < 0.05) PAB levels (170 £ 33.9 U/L) compared to those without DF complications
(142 + 31.3 U/L). In addition, patients with DF had significantly reduced SOD activities (p < 0.01).
NLR values were significantly higher in the DF group (median: 2.8; interquartile range: 2.0-4.3) than
in the group without DF (median: 1.4; interquartile range: 1.4-2.1; p < 0.01). A positive correlation
was found between the PAB and NLR index (r = 0.449; p < 0.05). The diagnostic accuracy of both PAB
(AUC =0.741; p < 0.01) and NLR (AUC = 0.760; p < 0.01) was estimated as acceptable. Conclusions: In
conclusion, the development of DF is associated with enhanced OS and inflammation processes. PAB
and NLR could be useful non-invasive biomarkers of DF development.

Keywords: diabetic foot; oxidative stress; diabetes mellitus; PAB; NLR

1. Introduction

Type-2 diabetes mellitus (T2DM) is a leading cardiometabolic disorder of the modern
age. Despite constant advances in preventive medicine, the global incidence of T2DM
remains high [1]. Furthermore, T2DM is often diagnosed too late, when one or more
complications have already developed [2,3]. Diabetic foot (DF) is one of the most severe
complications of diabetes [4], which considerably worsens the quality of life of the pa-
tients [2]. Without adequate early intervention, ischemic foot changes may progress to
necrosis and gangrene of the foot [2]. Hence, DF is considered to be the major cause of
non-traumatic lower limb amputations [5]. In addition, patients with DF are characterized
by increased morbidity and mortality due to cardiovascular disease (CVD) [6]. These data
imply that the development of DF and atherosclerosis share common mechanisms.

Evidence-based guidelines consider long-standing diabetes, poor metabolic control,
smoking, and the presence of other microvascular and macrovascular complications as the
main risk factors for DF development [1,2]. In addition, patients with diabetes are also
characterized by enhanced oxidative stress (OS) [7-9], which plays an active role in the
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pathogenesis of complications [10]. Recent studies suggest that patients with DF have in-
creased levels of serum prooxidants, including malondialdehyde (MDA) and prooxidative—
antioxidative balance (PAB) [11-13]. Furthermore, a depletion of antioxidative mechanisms
has been demonstrated in both wound tissue [14] and blood samples [15] of patients with
DE. Although serum OS biomarkers are widely used as a non-invasive approach for a redox
status assessment, their clinical importance in the etiology of DF has been less studied. To
overcome the gaps in the literature, further studies are necessary.

The hyperglycemia-induced overproduction of reactive oxygen species (ROS) sig-
nificantly contributes to endothelial dysfunction and inflammation [10]. Earlier studies
have demonstrated increased levels of inflammatory biomarkers, such as high sensitivity
C-reactive protein (hsCRP), procalcitonin, and interleukin-6, in serum of patients with
DF [16,17]. As recently suggested, these biomarkers could add diagnostic and prognostic
information in terms of concomitant infection and the risk of amputation and post-operative
mortality [18]. The neutrophil-to-lymphocyte ratio (NLR) is a readily available and econom-
ical biomarker, and a growing body of evidence suggests its clinical significance in patients
with cardiometabolic diseases [19]. In line with the previous information, Duman et al. [20]
demonstrated increased NLR in patients with poorly regulated T2DM. Recently, a higher
NLR index has been demonstrated in patients with DF [21]; moreover, a positive correlation
has been reported between elevated NLR and osteomyelitis, increased risk of amputation,
and septic complications in patients with DF ulcerations [22].

The aim of this study was to examine the significance of OS and inflammatory biomark-
ers determination in patients with DF, as well as to investigate their potential to improve
early diagnosis and management of DF.

2. Materials and Methods
2.1. Study Participants

This cross-sectional study included 23 patients who were consecutively diagnosed
as having DF based on a medical history and standard foot examination according to the
national guidelines [2]. These patients were hospitalized at the surgical department of
the General Hospital in Pozarevac between December 2020 and March 2021 in order to
assess the requirement for amputation. Thirteen patients underwent surgery, while the
remaining ten were treated conservatively. The study also included 19 patients with T2DM
who were treated at the Clinical Hospital Center “Dr Dragisa MiSovi¢” in Belgrade between
April 2019 and March 2020. Additional inclusion criteria for patients treated at the Clinical
Hospital Center “Dr Dragisa MiSovi¢” was poor metabolic control and no previous history
or clinical evidence of DF complications. The exclusion criteria for both groups of patients
were previous history of COVID-19, which has been confirmed to affect inflammation, OS,
and the further course of the underlying disease.

The following demographic and clinical data were collected: age, gender, smoking
status, duration of diabetes, presence of comorbidities (hypertension, CVD), and prescribed
medications, including oral antidiabetic agents (OAD) and insulin. Following the interna-
tional guidelines, hypertension was defined as systolic blood pressure (SP) > 130 mmHg
and/or diastolic blood pressure (DP) > 80 mmHg and/or current antihypertensive therapy,
and obesity was considered in patients who had a body mass index (BMI) > 30 kg/m?,
while the presence of anemia was determined if hemoglobin (Hgb) levels were <135 g/L in
men or <120 g/L in women [23,24]. The study was conducted under the ethical principles
of the Declaration of Helsinki with the approval of the Ethics Committees of the Clinical
Hospital Center “Dr Dragisa MiSovi¢” and the General Hospital in PoZarevac. All patients
gave written, informed consent.

2.2. Laboratory Analyses

Blood samples were obtained after the overnight fasting period. In DF patients
who required amputation, the sampling was performed before the surgery. The serum
glucose concentration was measured by a standard enzymatic method on the Dimension
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RxL Max analyzer (Siemens Health Care Diagnostics, Erlangen, Germany). The level of
glycohemoglobin (HbA;.) was determined by the immunoturbitimetric method on the
Innova Star (DiaSys Diagnostic Systems, GmbH, Germany) and Dimesion EXL (Siemens
Health Care Diagnostics, Erlangen, Germany) analysers. Complete blood count (CBC) was
obtained using the hematologic analyser XN-1000 (Sysmex Corporation, Kobe, Japan). The
NLR index was calculated as a ratio of absolute neutrophil-to-leukocyte counts. Redox
status assessment included determination of total oxidative status (TOS), prooxidative—
antioxidant balance (PAB), SOD activity, and total sulthydryl groups (SHG) content by
spectrophotometric methods, as previously described [25-28].

2.3. Statistical Analysis

The Shapiro-Wilk test was used for testing normality of the data. Normally distributed
continuous variables were presented as arithmetic means with standard deviations, while
skewed data were presented as medians and interquartile ranges. Normally distributed
continuous variables were compared with the Student’s f test, while skewed variables were
compared using the Mann—-Whitney U test. Chi-square and Fisher Exact tests were used to
analyze categorical variables. Spearman’s non-parametric correlation analysis was used to
investigate associations between OS and inflammatory and metabolic control biomarkers.
Binary logistic regression analysis was used for testing the association of PAB and NLR with
DE, while ROC (Receiver Operating Characteristics Curve) analysis was performed to test
diagnostic accuracy of these parameters. The discriminatory ability of the test was evaluated
according to the Hosmer and Lemeshow criteria. Based on the area under the ROC curve
(AUC), the models can be classified as: weak (0.5 < AUC < 0.7), acceptable (0.7 < AUC < 0.8),
excellent (0.8 < AUC < 0.9), or extraordinary (AUC > 0.9). The probability p < 0.05 was
taken as a condition for the existence of statistical significance. SPSS software (version 18.0 for
Windows, SPSS Inc., Chicago, IL, USA) was used for statistical analysis.

3. Results

The demographic and clinical data of patients are shown in Table 1. Patients with DF
were older than patients without DF (p < 0.05), while the distributions of gender, smokers,
and patients with hypertension and obesity were similar. The group with DF was also
characterized by a longer duration of diabetes (p < 0.05) and a higher prevalence of patients
treated with insulin (p < 0.001). An evaluation of biochemical parameters showed that
glucose concentration did not differ significantly between the groups, while the level of
HbA ;. was significantly lower in patients with DF (p < 0.05).

Table 1. Demographic and clinical data of study participants.

Parameter Without DF With DF 4
N 19 23

Age, years 59.2 +12.9 66.74 + 9.4 <0.05
Gender, male/female, % 57.9/42.1 82.6/17.4 0.098
BM], l<g/m2 31.7 £ 5.7 28.7 +4.7 0.116
Diabetes duration, years 71+5.6 13.7 £ 78 <0.05
Obesity, % 69.2 45.5 0.293
Hypertension, % 88.9 77.3 0.427
Smoking, % 18.8 409 0.178
HbA1., % 9.6 £1.7 78+t13 <0.05
Glucose, mmol /L 10.1 +3.7 9.7 +2.6 0.665
Therapy

OAD 43.7 30.4 <0.001
OAD + Insulin 43.8 0 <0.001
Insulin 12.5 69.6 <0.001

Abbreviations: BMI, body mass index; OAD, oral antidiabetic drugs; HbA;., glycated hemoglobin. Data were
presented as means =+ standard deviations and as relative frequencies. Continuous variables were compared by
Student’s t test and categorical variables by Chi-square and Fisher Exact tests.
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We further analyzed the complete blood count (CBC) parameters in both groups. As
shown in Table 2, hemoglobin (Hgb) levels and red blood cell (RBC) counts were signifi-
cantly lower (p < 0.05) in patients with DF. Accordingly, a significantly higher prevalence of
patients with anemia was presented in the DF group (60.9% in the DF group vs. 20.3% in
the group without DF; p < 0.001). An analysis of the distribution of white blood cell (WBC)
subpopulations showed significantly increased neutrophil and reduced lymphocyte counts
in patients with DE In line with the previous findings, the NLR ratio was significantly
higher in the DF group (p < 0.01).

Table 2. CBC parameters and NLR index in patients without DF and with DF.

Parameter Without DF With DF p

RBC (x10'%2/L) 474 +0.61 404 +0.71 <0.05
Hgb, g/L 137.3 £19.7 121.2 +£10.8 <0.05
WBC (x10%/L) 78418 89425 0.123
Neutrophils (x10°/L) # 4.0 (3.3-5.3) 5.6 (4.2-6.6) <0.05
Lymphocytes (x10° /L) * 2.4 (2.1-2.8) 1.9 (1.6-2.3) <0.05
Monocytes (x10% /L) # 0.6 (0.5-0.7) 0.7 (0.5-0.8) 0.331
NLR*# 1.6 (1.3-2.1) 2.8 (2.0-4.3) <0.01

Abbreviations: RBC, red blood cells; Hgb, hemoglobin; WBC, white blood cells; NLR, neutrophils to lymphocytes
ratio. Data were presented as means =+ standard deviations and compared by Student’s ¢ test variables. * Data
were presented as medians (interquartile ranges) and compared by Mann-Whitney U-test.

The parameters of the redox status were presented in Figure 1. We found that the
levels of PAB in the DF group (170.4 + 33.9 U/L) were significantly higher than the
levels (142.5 £ 31.2 U/L) in patients without DF (p < 0.01). On the other hand, super-
oxide dismutase (SOD) activities were significantly lower (p < 0.05) in patients with DF
(118.1 +13.6 U/L) as compared to patients without DF complications (134.6 + 13.7 U/L).
The levels of total oxidative status (TOS) and total sulfhydryl groups (SHG) did not differ
significantly between the groups (p = 0.397 and p = 0.123, respectively).

Further analysis of the DF group showed that levels of PAB (182.4 & 26.7 U/L) in
patients who underwent amputation (N = 13) were higher than the levels (154.9 + 37.2 U/L;
p = 0.05) in patients who did not require amputation (N = 10). In addition, DF patients who
underwent amputation had significantly reduced levels of SHG (median: 0.15 mmol/L;
interquartile range: 0.12-0.28 mmol/L; p < 0.01) as compared to those who did not undergo
the surgery (median: 0.29 mmol/L; interquartile range: 0.26-0.35 mmol/L). No difference
was found in NLR values between the groups (p = 0.203).

Next, we examined the association of OS biomarkers with parameters of inflammation
in patients with and without DF. In the DF group, a strong positive correlation was found
between PAB and NLR values (r = 0.449; p < 0.05). In contrast, no significant correlations
were found between NLR and OS biomarkers in patients without DF (data not shown).

A binary logistic regression analysis revealed that increased levels of both PAB and
NLR were significantly associated with the presence of DF (Table 3), while decreased activity
of SOD was not (OR = 0.964; 95%CI: 0.930-1.000; p = 0.05). The observed associations of
PAB and NLR remained significant even after adjustment for age, smoking status, and
HbA . levels. After adjustment for diabetes duration, PAB remained a significant predictor
of DE, while the association between the NLR ratio and DF was lost (p = 0.068). In the
multivariable model that included all confounding variables, PAB remained significantly
associated with DF (OR = 1.072; 95%CTI: 1.008-1.140; p < 0.05) while NLR did not (p = 0.066).

Finally, we examined the diagnostic accuracy of PAB and NLR to identify the patients
with DF. The diagnostic accuracy of both PAB (AUC = 0.741; 95%CI: 0.590-0.893; p < 0.01)
and NLR (AUC = 0.760; 95%CI: 0.608-0.911; p < 0.01) was acceptable. ROC curves for PAB
and NLR were presented in Figure 2. For the PAB cut-off value of 149 U/L, the sensitivity
of the test was 82.6%, while the specificity was 68%. For the NLR cut-off value of 1.9, the
sensitivity of the test was 78.3% and the specificity was 64.7%. Furthermore, we found
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that a combination of PAB and NLR additionally improved the diagnostic accuracy for DF
(AUC = 0.790; 95% CI: 0.651-0.930; p < 0.01).

P<0.05

Without DF With DF

P<0.05

Without DF With DF

20.01

16.01

8.0

TOS, pmol/L

4.01

Without DF

With DF

1.0

0.8+

0.6

0.4

SHG, mmol/L

0.2

Without DF

With DF

Figure 1. Biomarkers of OS in patients without DF and with DF. The levels of PAB and SOD were
presented as means and standard deviations, and the levels of TOS and SHG as medians and
interquartile ranges. Abbreviations: PAB, prooxidative-antioxidative balance; SOD, superoxide

dismutase; TOS, total oxidative status; SHG, total sulfhydryl groups.

Table 3. Logistic regression analysis for the association of PAB and NLR with DF.

PAB NLR
OR (95% CI) p OR (95% CI) p

Univariate 1.026 (1.005-1.048) <0.05 2.812 (1.206-6.568) <0.05
Adjusted for:

Age (years) 1.024 (1.003-1.046)  <0.05  2.684 (1.106-6.513)  <0.05
Diabetes duration (years) 1.043 (1.008-1.080) <0.05 2.915 (0.924-9.196) 0.068
Smoking 1.035 (1.009-1.062) <0.05 2.621 (1.101-6.230) <0.05
HbA 1 (%) 1.057 (1.014-1.102)  <0.05  4.632 (1.090-19.677)  <0.05

Abbreviations: OR, odds ratio; CI, confidence interval.
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Figure 2. ROC curve for PAB and NLR. Abbreviations: ROC, Receiver operating characteristic curve;
PAB, prooxidant-antioxidant balance; NLR, neutrophils-to-lymphocyte ratio.

4. Discussion

In this study, we found that patients with DF are characterized by proinflammatory and
prooxidative states, which are reflected by elevated levels of inflammatory biomarker NLR,
increased serum prooxidants, and a concomitant decrease of antioxidative mechanisms. In
addition, our data showed that elevated PAB and NLR are associated with the presence
of DF. We wish to clarify that in the present study we included all patients consecutively
diagnosed with DF in a 4-month period in the General Hospital. Given that the study
was conducted during the COVID-19 pandemic, we only included patients who did not
have a history of COVID-19 in order to avoid the impact of SARS-CoV-2 virus infection on
inflammation or oxidative stress, as well as the impact of COVID-19 itself on the course of
diabetes. As a result of this, our study has a relatively small sample size of 23 patients with
DF, although previous studies in DF patients also had similar sample sizes.

Diabetic foot is one of the most serious complications of diabetes, which reduces the
quality of life and life expectancy of the patients. For this reason, timely recognition of
risk factors in order to improve prevention of DF development and delay amputation
is of critical importance. Among the risk factors for DF development, a longer duration
of diabetes has been recognized as one of the principal contributors [2]. In line with
the previous statement, DF patients included in our study suffered from diabetes longer
than patients without DF (Table 1). In both groups, the majority of patients had poorly
regulated diabetes and hypertension, a common T2DM comorbidity (Table 1). Similarly,
the prevalence of obese patients in the DF group did not differ from the group without
DF. This finding is consistent with the study of Lavery et al. [29], which demonstrated that
obesity, although a risk factor for T2DM, is not directly associated with the development of
foot ulcerations.

Hyperglycemia due to poor metabolic control is recognized as the main initiator of
cellular damage, which precedes the development of DF [10]. In the current study, signifi-
cantly lower HbA . levels were observed in the DF group (Table 1), and such an unexpected
result was further ascribed to a high percentage of anemic patients in the DF group (Table 2).
The most common form of anemia in DF patients is anemia of chronic disease [30]. Namely,
chronic inflammation is characterized by cytokine overproduction, which may suppress
the synthesis of erythropoietin [31]. In addition, intestinal absorption of iron is inhibited by
hepcidin upregulation, which reduces its availability for erythropoeisis [32]. Thus, inability
to increase erythropoietin concentration in response to decreased Hgb is considered to
be the main cause of anemia in DF [30]. Our data clearly demonstrate the limitation of
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HbA . testing in patients with anemia. It should also be mentioned that, according to ADA
criteria, the introduction of insulin into the treatment of T2DM begins when—despite the
use of two different OAD medications—HbA . levels remain above target values (<7%).
In our study, patients with DF mostly received insulin therapy (Table 1), which may also
contribute to lower HbA . levels in this group.

Although patients with T2DM are characterized by enhanced OS [7-9], the results
of the current study showed an even more disturbed redox status in patients with DF,
as indicated by increased levels of PAB—with concomitantly reduced activities of SOD
(Figure 1). PAB is a biomarker of the balance between serum prooxidants and antioxidants
and its elevation indicates ROS overproduction [33]. Some previous studies have suggested
that redox imbalances could have a pivotal role in the development and delayed healing of
DF ulcers [11]. Accordingly, serum OS biomarkers were recently recognized as potentially
valuable tools in diagnostics and management of DF [11,12]. The results of the study by
Yarahmadi et al. [13] showed that PAB levels in DF patients highly exceed reference values.
The authors also found a positive correlation between PAB levels and hsCRP [13], which
indicates that both oxidative stress and inflammatory processes are exacerbated in patients
with DF. It is firmly established that hyperglycemia contributes to the development of
OS by overproduction of superoxide anion radicals through the mitochondrial electron
transport chain [10]. Another potential explanation for increased PAB could be the fact that
40% of our patients with DF were smokers, while the number of smokers was markedly
lower in the group without DF (Table 1). Although smoking is a strong risk factor for the
development of DF ulcerations and subsequent amputations [4], it had no impact on the
observed association between PAB and DF (Table 3), suggesting the role of other potential
sources of ROS generation during DF development.

Previous studies have established the depletion of antioxidant protective mechanisms
as an important risk factor for the development of diabetic complications. So far, the activity
of SOD in patients with DF has been investigated to a lesser extent. Bolajoko et al. [15]
reported reduced SOD activity in patients with DF compared to healthy controls. Our
current study further demonstrated that patients with DF had lower SOD activity than
DM patients without this complication (Figure 1). The finding of reduced SOD activity in
patients with DF implies a potential exhaustion of the enzyme activity due to superoxide
anion radical overproduction. Indeed, superoxide anion radicals are considered the main
contributors to oxidative damage of foot tissue [34]. The observed reduced activity of SOD
in patients with DF may also be a consequence of glycation of the enzyme, since it has been
demonstrated that the degree of glycation is proportional to the duration of diabetes [31],
which was significantly higher in our DF group (Table 1). Another important finding of
our study is the reduced serum content of SHG in DF patients who underwent amputation.
Gluthatione is one of the main contributors to the serum pool of thiols, which is usually
estimated as a content of total SHG. Reduced gluthatione is among the most important
endogenous antioxidants due to its scavenger role in neutralizing electrophilic and oxidant
species. Other authors also reported depleted levels of reduced gluthatione in patients with
DF [14]. Our data suggest that the activity of antioxidant mechanisms further decrease
with DF progression toward amputation, which should be confirmed in further studies.

In recent years, the importance of low-grade inflammation in the development of DF
has been increasingly recognized [16]. The NLR index has been previously demonstrated
as a potentially useful biomarker of systemic inflammation, but also as a predictor of future
development of CVD [19]. More recently, its significance has been reported in diabetes [20].
The NLR index comprises the main components of the chronic inflammatory response. In
this respect, an increased neutrophil proportion indicates an active inflammatory process,
while a reduction of the lymphocyte proportion reflects an inadequate immune response,
which is one of the characteristics of T2DM [35]. Recent studies have shown that NLR
values are higher in patients with peripheral neuropathy and foot ulcerations compared to
patients without DF [20,21,35]. Consistent with these findings are the results of our study,
which showed that the NLR index was significantly higher in patients with DF compared



Medicina 2022, 58, 1866

8of11

to those without this complication (Table 2). Taken together, these results suggest a further
increase of NLR values with the exacerbation of the disease. In a recent follow-up study of
patients with DF ulcers, a marked difference in NLR between the patients with complete
healing ulcers and those who underwent amputation was demonstrated. On the other
hand, the patients with chronic wounds and those who underwent major amputation
had similar NLR [22]. These data suggest that NLR determination might be useful in the
prediction of DF outcome. In our current study, there is no difference in NLR between the
DF patients who did and did not undergo amputation, which could be the consequence of
its cross-sectional design, as well as due to a relatively small number of included patients.
Future studies with a larger sample size would be needed to assess whether NLR may be
used as a biomarker of amputation risk.

Furthermore, we found a positive correlation between PAB and NLR, which may
reflect the interactive role of OS and inflammation in the development of DF. Namely,
enhanced OS triggers the activation of the nuclear factor kappa B (NF-«B) pathway, which
leads to increased production of proinflammatory mediators [16]. On the other hand,
infiltration of leukocytes to the site of injury further contributes to ROS generation. Among
them, stimulated neutrophils are considered to be a major source of ROS as a consequence
of the upregulated activities of myeloperoxidase (MPO) and NADPH-oxidase [36]. Thus,
elevated NLR might be regarded as an indicator of potential feedback loops between
inflammation and OS processes.

Oxidative stress and inflammation affect the wound healing process, but whether
these processes could differentiate between an infectious and non-infectious state is still
insufficiently explored. Vatankhah et al. [22] recently evaluated the association between
NLR and the treatment outcomes in patients with DF and found that higher NLR was
associated with higher odds for non-healing ulcers. Since the observed association was
independent of main risk factors, including wound infection, the authors suggested that
NLR could serve as a biomarker of inflammatory mechanisms per se, rather than infec-
tion [22]. Indeed, increased oxidative stress and inflammation are common features of both
infectious and non-infectious diseases, such as cardiometabolic diseases, including diabetes
mellitus [37-39].

The results of our study extended previous findings by demonstrating that both PAB
and NLR levels are independently associated with DF (Table 3), suggesting a possible
additive effect on the risk for DF development. Indeed, both biomarkers had acceptable
diagnostic accuracy (Figure 2), which could be further improved by their simultaneous
determination. Recently, Chen el al. [40] reported higher NLR values in patients with
diabetic neuropathy in relation to patients without this complication. However, they found
that NLR had a weak diagnostic accuracy for diabetic neuropathy only in type-1 diabetes
mellitus patients [40]. To the best of our knowledge, no previous study investigated the
diagnostic accuracy of NLR for DF in patients with T2DM. These data emphasize the need
for further studies on the clinical importance of NLR determination in the assessment of
diabetic complications in both type-1 and type-2 diabetes mellitus patients.

This study has several limitations. Its cross-sectional design allowed us to demonstrate
associations, but conclusions regarding causality cannot be drawn. Due to a lack of wound
tissue cultures, we could not determine the impact of infection on the NLR ratio in patients
with DF, and consequently whether NLR could differentiate between an infectious and
non-infectious state. Further, the treatment of DF and indication for amputation was at the
discretion of the experienced treating surgeon and we are unable to provide full data since,
for the purpose of the current study, data on the detailed indications for amputation were
not collected. We can only assume that the indication for amputation was the extended
infection and gangrene, which follows the national guidelines; still, we wish to be fully
transparent by stating that the data availability on the indications for surgery would have
been valuable to further support our obtained results. In addition, we haven’t collected
any data about infection, with the only exception being the information on SARS-CoV-2
infection that was applied as exclusion criteria—since our main aim was to explore the
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significance of OS and inflammatory biomarkers in patients with DF. It should be noted
that NLR is a biomarker of an infection, although in the present study it was evaluated
as a biomarker of systemic inflammation. Finally, due to a relatively small sample size,
conclusions from the multivariate analysis could be biased, as a larger number of predictors
were included in the model.

Still, one of the strengths of this observational study is the fact that it was conducted
during the COVID-19 pandemic. We only included patients who did not have a history of
COVID-19 in order to avoid the impact of SARS-CoV-2 virus infection on inflammation or
oxidative stress, as well as the impact of COVID-19 itself on the course of diabetes, since
it has been shown that the consequences of post-COVID syndrome (i.e., “long COVID”)
are even more pronounced in patients with diabetes, including persistent tachycardia,
sarcopenia, and microvascular dysfunction [41].

5. Conclusions

In conclusion, the results of our study showed increased PAB levels and NLR in
patients with DF. Both PAB and NLR were independently associated with DF and could be
suggested in clinical practice to improve the early detection of DE. Further investigations
are required to confirm our preliminary findings.
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VHUBEP3UTET V BEOTPATY
OAPMAILIEYTCKH GAKVIITET

IMoca.6poj: 3/159
Iana 28.09.2023. roaune

Ha ocmosy Craryra Yuusep3utera y beorpady, mponexaH dakynrera je naHa
28.09 2023. roauHe, J0OHENa

OAJVYKY

OJIOBPABA ce CAIbH BYJUHR, crynenty PapmaneyTckor (hakynrera, HHIEKC
6p. 33/2017, npoayKeTak poKa 3a 3aBpIIETAK cTyauja 3a wkoncky 2023/2024.

Ob6paszaroocemne

CABA BYJUHMA, crynenr Ha cryamjckom mnporpamy JJAC - MeauuHHCKa
ouoxemnja, nomHena je saxres 6poj 3/159 ox 28.09.2023. ropuHe nponeKaHy dakynrera 1a
joj ce omobpu MpojIyKeTak poka 3a 3aBpIIETAK CTyAuja.

Iponekan dakynTera je pasmatpana saxres 28.09.2023.ronuHe 1 OUGHUIA 112 je 3axTeB
OCHOBAH, T€ j€ IOHETO PELIEH-E Ka0 Y AUCTIO3HTHBY.

MPABHA ITOYKA: IIpoTiB OBe OUIyKe MMEHOBAHM HMa TPaBo MPUroBOpa ACKaHY
daxynrera y poky oa 8 (ocam) faHa oJi laHa npHjemMa UCTOT.

Opnyky mocraBuTH: MIMEHOBAHOj-OM, J€KaHY H Onceky 3a HacTaBy M CTYACHTCKA
MHUTabA.

[TPOJEKAH 3A IOCJIEJJMIVIOMCKY
HACTABY
U KOHTUHYHUPAHY ENVKALIUIY
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VHUBEP3UTET YV BEOI'PAJTY
OAPMAILIEYTCKU ®AKVYIJITET
IToca.0poj: 5/169

ana 27.09.2024.roaune

Ha ocHoBy unana 107. 3akona o Bucokom obpasosamy Penybmuke Cpbuje, nmpoaekaH
®axkyrera je nana 27.09.2024. ronune, noHeR2

PEIEIE

OJOBPABA ce BYJUHh CAIbH, crynenry Papmaneyrckor (akynrera, WHACKC
6p. 33/2017, npoayeTak poKa 3a 3aBpLIETaK CTYAHja y mKojckoj 2024/2023.

Obpaszaroocere

BYJUUR CAIbA, crynent Ha cryamjckom nporpamy JAC — MeauuuHcka
Guoxemmja, monHena je 3axteB Op. 5/169 om 27.09.2024. rommHe mnpojckaHy 3a
nocaeaunomcke cryauje Paxynrera na joj ce onoOpH MPOAYKETAK POKA 32 3aBpUIETaK

cTyauja y mxoJickoj 2024/2028,
Iponexan @akyntera je pasmatpaia saxtes 27.09.2024. ronuse M OuLeHWNA 71a je

3aXT€B OCHOBAH, T€ je JIOHeTO Pellere Kao y AHCIO3HTHBY.

IPABHA ITOYKA: ITpoTtuB OBOr pelremna HMEHOBAHN MMa NPaBO NPUrOBOPa ACKAHY
dakyntera y poky ox 8 (ocam) 1aHa ojf AaHa TpHjeMa UCTOT.

Peweme nocrasutu; IMeHOBaHOM, iekaHy, POJIEKaHy 3a HACTaBY, cekpeTapy, Oncexy
3a HACTaBY M CTYAEHTCKA NTUTamka U APXUBU.

[TPOJIEKAH 3A TIOCJIEJUIINIOMCKY HACTABY
U KOHTUHYHUPAHY EJAVKAIIU]Y

e
\ { é;’—‘
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VHUBEP3UTET ¥ BEOI' PALY
GAPMAILIEYTCKH ®AKYIJITET
IToca.6poj: 3/115

Jlana 04.11.2025. ronune

Ha ocnopy Ctaryra YHusepsurera y beorpamy, npojiekaH 3a Noc/aeJuIIOMCKY HacTaBy
u KOHTHHYHMpaHy enykauujy Paxynrera je nana 04.11.2025. ronune, noHena

OAJNYKY

O/IOBPABA ce BYJUN'h CAIbH, crynenty @apmareyTckor daxynrera, UHIEKC
6p. 33/2017, npogy#eraK poKa 3a 3aBPIIETAK CTYAHja 32 WKOJICKY 2025/2026.

O6pazaoxeme

BYJUUR CAMbA, cryment Ha crymujckom mporpamy JAC — Meauuuncka
ouoxemuja, monuena je 3axres Opoj 3/115 oa 04.11.2025. romumHe npoAeKaHy 3a
[IOC/EAMIIOMCKY HACTaBy M KOHTHHyWpaHy enykauujy Paxynrera na joj ce omobpu
MPOMYKEeTaK PoKa 3a 3aBpIIeTaK CTyaHja y mikosckoj 2025/2026 roauuu.

ITponekaH 3a MOCIEAUIIOMCKY HACTaBy M KOHTHHYHMpPaHY enykauunjy Pakynrera je
pasmarpaina 3axtes 04.11.2025 ropuHe 1 OLieHHIIA 1a je 3aXTeB OCHOBAH, T€ j€ JIOHETO PElIeHEe
Kao y AUCTIO3UTHBY.

ITPABHA TTOYKA: [IpotuB OBe OMIyKe HMEHOBAHM HMa MPaBO MPUTOBOpPa ACKAHY
®akynTera y poky of 8 (0cam) faHa Ofl 1aHa MpyjeMa HCTOT.

Onnyky pocrasuti: MmenosaHoj-om, Onceky 3a HacTaBy M CTYJCHTCKAa MHTaba H
MEHTOPY

[TPOJIEKAH 3A TTIOCJIEJIATIIIOMCKY
HACTABY
_H KOHTUHYHUPAHY EJYKALIUIY
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