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Tomo6, AecucraB I.', TpoeB, Aumumbp M.2, MumeBa, Mapusa X.2, OpbeuoBa, Mapua M.2
'Kamegpa no buoopzaHuura xumua, MDapmaueBmuveH gpakyamem,

2KauHuka no EHgokpuHoaozua u 6oarecmu Ha obmaHama, YMBAA ,CB. Teopau”,

Kamegpa no eHgokpuHoAo2ua, MeguuuHcKu hakyamem,

Meguuurcku yHuBepcumem, MNMaroBguB

MocmwvnBare: 01. 07. 2023 / PeBusupare: 05. 07. 2023/
lpuemane: 08. 07. 2023

Isoprostanes as Oxidative Stress Markers

Tomov, Desislav G.', Troev, Dimitar M.2, Miteva, Maria Zh.2, Orbetzova, Maria M.?
! Department of Bioorganic Chemistry, Faculty of Pharmacy,
2 Clinic of Endocrinology and Metabolic Diseases, ,Sv. Georgy”, University Hospital

Department of Endocrinology, Faculty of Medicine,

Medical University, Plovdiv

Submitted: 01. 07. 2023 / Revised: 05. 07. 2023 /
Accepted: 08. 07. 2023

Pe3siome

CBobogHume pagukaau npegcmabBaaBam cuaHo
peakmuBHU hopmu, Koumo moz2am ga cbwecmByBam
CamoCmoAmMeAHO camo 3a cpaBHUMEAHO Kpamku UH-
mepBaau om Bpeme, HO echekmume, koumo okazBam
Bvbpxy pazauuHume buomorekyau, ce cBopzBam c
noumu Bcuuku 3a60aa8aHua B yoBewkua op2aHu3bM.
OcHoBHa npuyuHa 3a noBuweHa 3aboreBaemocm ca
gezeHepamuBHume 3aboaaBaHug, a namoz2eHemMuyHU-
me mexaHu3mu Ha kaembuHama yBpega, HezaBucumo
ye ca MHO20 pa3AudHu, BkarouBam yyacmuemo Ha ok-
cugamuBHua cmpec. AupekmHuam aHaau3 Ha HuBama
Ha cBobogHume pagukaau B opzaHu3zma e mpygHo
U3NBAHUM, HO ONpegeAaHemo Ha Npogykmume om
geticmBuemo um Bbpxy BUOAO2UYHUME MOAEKYAU €
gocmbnHa Bb3moxkHocm 3a goka3zBaHe Haauuuemo
Ha okcugamuBeH cmpec 6 opeaHu3ma.

V3onpocmanume ca ocHoBeH Nnpogykm Ha Aunug-
Hama nepokcugauua 8 pesyamam Ha getcmBuemo Ha
cBobogHume pagukaau. Te ca cmabuaHu cbeguHeHus,
Koumo ce Hamupam B8 Bcuuku meuHocmuHocmu 6
opeaHu3mMa u mMo2am ga gagam uHdgopmauua 3a Ha-
Aubyuemo Ha okcugamuBern cmpec. Om cbwecmBy-
Bawume Kbm MOMEHMa Memogu 3a aHaAu3 Ha u3o-

Abstract

Free radicals represent highly reactive forms
that can exist independently only for relatively
short intervals of time, but the effects they
exert on various biomolecules are associated
with almost all diseases in the human organism.
Degenerative diseases are a major cause of
increased morbidity, and the pathogenetic
mechanisms of cell damage, although very
different, include the involvement of oxidative
stress. Direct analysis of the levels of free radicals
in the body is difficult to perform, but the
determination of the products of their action on
biological molecules is an available possibility to
prove the presence of oxidative stress in the body.

Isoprostanes are the major product of lipid
peroxidation as a result of the action of free
radicals. They are stable compounds that are
found in all fluids in the body and can provide
information about the presence of oxidative
stress. Of the currently existing methods
foranalysis of isoprostanes, the enzyme-
immunochemical ones are the most widely
employed. Of the chromatographic methods,
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TomoB, QecucaaB I. u konekmuB

npocmaxu Hal-WUpoKO ca pa3znpocmpaHeHu eH3um-
HO-uMyHoxumuuyHume. Om xpomamozpagckume me-
mogu Halt-yecmo ce u3noa3zBam 2a3-xpomamozpad-
ckume ¢ npegBapumenana gepuBamuzauus. bpoam
Ha nybaukyBaHume go momeHmMa mMe4YHO-XpPOMamo-
2papcku Memogu e o2paHudeH u npu noBeyemo om
max ce uznoazBam BucokouyBecmBumearu aHaau3za-
mopu kamo QTRAP, QTOF uau uHgppauepBeHa cnek-
mpockonua ¢ MDypue mpaHcgpopmavua (FTIR). ToBa
npegocmaBa Bb3moxkHocm 3a pazpabomBare u Ba-
AugupaHe Ha HoBu meuyHo-xpomamozpagcku memogu
3a aHaau3 Ha 8-isoPGF2-alpha 68 pazauuHu Guoao2uvHu
Mampuuu, Koumo ga 6bgam Npegao>KeHu 3a guaz2Ho-
cmuka 6 exxegHeBHama npakmuka.

KaroyoBu gymu:

the gaschromatographic ones with preliminary
derivatization are most often used. The number
of liquid chromatographic methods published so
far is limited and most of them use highly sensitive
analyzers such as QTRAP, QTOF or Fourier
transformed infrared spectroscopy (FTIR). This
provides an opportunity to develop and validate
new liquid chromatographic methods for the
analysis of 8-isoPGF2-alpha in various biological
matrices to be proposed for diagnostics in
everyday practice.

Key words:

cBobogHu pagukaau, okcugamuBeH cmpec, u3o-
NpOCMaHu, eH3UMHO-UMYHOXUMUYHU Memogu, mey-
HO-XpOMamozpadcku Memogu

free radicals, oxidative stress, isoprostanes, enzyme-
immunochemical methods, liquid-chromatographic
methods

BbvBegeHue

OcHoBHume BugoBe peakmuBHu opmu, Kou-
mo ce HabaigaBam 6 opzaHu3ma ca ¢ yvyacmuemo
Ha kucAropog (Reactive Oxygen Species, ROS) u a3om
(Reactive Nitrogen Species, RNS). Te mozam ga umam
eHgoeeHeH (MUMOXOHgPUU, NEePOKCU30MU, eHgoNnAasz-
MamuveH pemuKyAym, pa2ouumu, KCaHMUH OKcugasa,
memaboAumHU Nbmuwga Ha apaxugoHoBama kuce-
AUHa, yBpexkgarua B8 caegcmBue Ha ucxemus/penep-
y3usn, peakyuu BraouBawu memaau ¢ npomeHauBa
BareHmHocm, guzudecku HamoBapBaHua u gp.) uau
eK302eHeH Npou3xog (UuzapeH gum, aAKOXOA, Nnecmu-
uugu, uzzopeau 2a3o08e, 3ambpcaBaHe ¢ mexku me-
maau, 030H, UOHU3Upawa paguayus, MegukameHmu u
gp.) (1). Npouecume Ha cuHMe3 U HeymMpaau3upaHe Ha
cBobogHume pagukaau ce Hamupam 6 paBHoBecue 6
yoBewkua opzaHuzbm. HapyweHuemo Ha moBa pabHo-
Becue ce obo3HauaBa kamo okcugamuBeH cmpec (2).

Poag Ha cBobogHume pagukanu u okcuga-
muBHuga cmpec B pasBumuemo Ha XxpoHuy-
HU U 0OCMpU NAMOAO2UYHU hpouecu

MybaukyBanume B Aumepamypama aHaAu3u
cBbp3zBam okcugamuBHua cmpec kakmo ¢ Bb3HuUKBa-
HEemo, maka u ¢ npozpecuama Ha MHO20 3aboaaBa-

Hug, BkAloYUMeEAHO gezeHepamuBHU U OHKOAORUYHU
(3). Cnopeg C30 xpoHuuHume gezeHepamuBHuU 3a-
6oaaBaHua ca Bogewa npudyuHa 3a 3aboreBaemocm
u cmbpmuocm Beve He camo B pazBumume cmpa-
HU, HO U B me3u ¢ HUCKU u cpegHu goxogu (4). Kom
ma3u 2pyna npuHagaexkam pazauuHu yBpeskgaHua Ha
HepBHama cucmema, Ha CbpgeuHo-cbgoBama, Ha eH-
gokpuHHama u gpyeu. Kamo obwa xapakmepucmuka
npu Bcuuku e HeoGpamumama yBpega Ha mbkaHume.

MamoeeHemuyHume mexaHuzmu Ha HeBpoge-
2eeHepamuBHume 3aboanaBaHua ca MHO20 pa3zAuvHU,
HO OOWOMO MeXgy MAax e ydyacmuemo Ha oKcuga-
muBHua cmpec 6 kraembuHama yBpega. Bb3zHukBa-
Hemo Ha okcugamuBeH cmpec moxke ga 6bge Kakmo
nopagu noBuweHa npogykuua Ha cBobogHu pagu-
KaAu, maka u nopagu noHuxkeHa edgekmuBHocm Ha
aHmuokcugaHmuume cucmemu 6 opzaHu3ma. He-
3aBucumo uye mol moxe ga He e omkatouBaw, hak-
mop 3a pazBumue Ha 6oaecmma, yuacmBa akmuBHo
6 HeGHama npozpecua (Que. 1) (5, 6). M3aBama Ha
3aboanBatemo B Hakou cayvau e cBbp3aHa cbe 3a-
2yba Ha 2o0aam Opol kaemku (Hanp. npu boaecmma
Ha MapkuHcoH npomaHama 6 gBuzameaHama akmu6-
Hocm ce HabatogaBa egBa caeg 3azyba Ha >60% om
gonamuHepauuyHume HeBporu B cybcmanuua Huzpa,
UAU ga umumupa gpyau 3aboaaBaHua (MHoXxecmBe-
Ha ckaepo3a) (5-7).

72

EHgokpuHonozus Tom XXVIII Ne2/2023



(9 ‘s wo nvendawew ou) snHegsvoget nHgnwedsHazabodgaH nodsH eH anwngted ndu dadwd

efodawvyd envedawev
eHhndodwonwy

wewewfive eH ognH
OHhQWRVIHAQEY]

| dowdoudHedw
wewewhv] »

weuwniey H

c@:: ﬁ
nHnnz2daH]

snhedoHazabodgoH

HAWZHNWHAY
eH WDavoq

mj_._@:EN@DUv_O BH oNWIdDeBhA ‘T QQ@N:S

anHmidfi| snewe
EH SWMIWOVH envedagadahonnu)
eH efowuouy
nHodgoH awnndbHoxowNw nHodgaH
awnHdowow eH snMIHAD nHhn2daHnweuohH
BH 9HeOXMRdQA eHomAdep eH e€owuouy
HOOHMIde] |
gnnhezadze BH wdavoqg
HNAWVIAHND) — 0
swnwnhodwoe e€odavd
eH snhevhzad L OM3VUWOM BHIQUIDIKOH W
eHomAdeH HaunR (Y oHeBKadgh sGnunhoduse
onwoSeawod| | eH snhevhAzad
eHomhdey
1 VOD , ewsnvaodinw
BHUDNIR IV /nzedodsiew eH
. snhegnuy egfize€ eHvenooxe
. ‘awnwnhodbHabHo2NVO
&1N1D eH oHegemhd¢ed
dowdoudedw ‘HNvanw eH eghizeg
HIJOMOIV l mievu
§ nHvawnveutag
efeHazodbnxah d - Bnovnwe AdVW
QWM De q eH 9HE2BVWQO 8ed-3INI eH
g efovorve en | bnxabvevdahny] gnhegnusly
wandy | "\
. «wmmu:wv_ n avg - Hnawodu-Aew eH
HndgaHnhevy auednvndodooddauny
nndBHOXOWNW BH BNhegnudy snhedosHazabodgoH

eH oaHegemhdSted

e€owuouy

doawnexhvy
BH WD3voq

(14N) BnHRWNVURE
nudevndgndodgaH eH
snHegufidwey

Endocrinologia vol. XXVIII Ne2/2023




Tomov, Desislav G. et al

CTHMYAHPINE HA
OCTa XMNOoTanamyc-
xunodnia-

0HWEHI

Nosuwexa
cexpeyma
H3 NeNTHH

Noxnena
CEKPEUMATA HA
JANNOHEKTHN

CeKpeUMA Ha

NPOMHGAIMATOPHK .
UMTOKMHM

CEKPEUMA HI TSH

Hapywena
| HEYTPANM3ALMA

Norucxkane
CeKpeUMaTa Ha FSH
&

-

}J] Noowwena

Norucrare Ha CeKPeUMA Ha
ocra | UMTOKMHM

v
XMNOTaNAMYyC- :

XHNOSH3II- p—
NOAOBH WAEIN mm"’lT
cexpeuma Ha LTH

s —

Norucxane
CCKPEeUMA
Ha GnRH

NOBHWEHA CEXPEUMA HA
CCTPaRMON M MMXMBuN
Crumynupane Ha ocTa
T XMNOTANAMYC-XHNOPHIA-
L HAAEBEpEUNH KACIH

-

NoBUWeHa cexpeuma
HA KOPTHIOA

COKPEUMATA Ha LH

,-” - .
- BvananmTenum
M3MEHEHHA HA
MACTHATA THKAH

3arnucTasane

© XHNCPHHCYAMMEMMA,
’ MHCYNMHOBA
; HC ’C;‘ PEIUCTEHTHOCT
HONO. -
] \("_,- HMCmmw

CHCTEMHO
Bu3NaneHme

HOBr ;
HNO,

i
X
Engorenna

Norucxane
COXpeUMATa Ha SHBG

Notuckane
cexpeymaTa Ha GH
e Y
Norucxane
cexpeumaTa ua GnRH Yy
_ e XunepanaporeHnIbm

4

XHnepecTporeHHIsm

Nosrwera
cexpeuma Ha LH

O0JI1 74 Yauacmue Ha okcugamuBHua cmpec npu HAKOU €HYOKPUHHU HapyweHua

Mo omHoweHue Ha cbpgeuHo-cbgoBama cuc-
mema crabomo nokauBaHe Ha HuBama Ha cBo6ogHu-
me pagukaau BAuse aHMUCKAEPOMUYHO U NPO-aH2uo-
2eHHo. Toaremume KoauvecmBa cBobogHu pagukasu
ce cBbp3Bam c okucaeHue Ha membpaHHUME Aunugu
u me3u yuacmBawu 6 AunonpomeuHume C Hucka
nabmHocm (LDL), eHgomeaHa gucgyHkuua B8 pe-
3yamam Ha akmuBauyua Ha KAemKume Ha eHgome-
AQ, EKCNpecus Ha agxe3uoHHU MOAeKyAu, noBuweHa
eKcnpecua Ha NPOUH(AAMAMOPHU 2eHU U KAEMbYHU
hakmopu Ha pacmexa, u npuBauvaHe Ha MOHOUU-
mu, mpombouumHa azpezauua u mpombozeresa (8).

Mpu nayueHmu c npegguabem, HoBoomkpum
UAU gbA2o20guweH 3axapeH guabem mun Il, HuBama
Ha okcugamuBeH cmpec, OueHeHU 4pe3 aHaAu3 Ha
8-uzonpocmazaaHgur-D2-aagpa (8-isoPGF2-alpha), ca
Bucoku. Had-Bucoku cmolHocmu Ha mapkepume 3a
okcugamuBeH cmpec ce uzmepBam B8 epynama ¢ goa-
2020guwieH 3axapeH guabem u ca npako cBbp3aHu ¢

koauuecmBomo BucuepasHa macmHa mbkaH u HuBa-
ma Ha kpbBHa 3axap caeg HaxpaHBane. OcBeH moBa
€ HaAuue U CUAHA NOAOXKUMEAHA KopeAauus mMexkgy
8-isoPGF2-alpha u 2aukupaHua xemoz2ao6uH (9).

[MamozeHe3ama Ha yecmo cpewaHama bazego-
Ba 6oaecm (6orecm Ha pelBc) ce xapakmepu3upa ¢
xunepmemaboauzbm, noBuweHa KOHCYmauua Ha Kuc-
AOPOQ, HapyweHa (PYHKUUA Ha MUMOXOHgpuume u
8 pesyamam noBuweHo omgeaaHe Ha cBobogHu pa-
gukaau. YBperkgaHuama 6 pe3yamam Ha noAyuveHun
okcugamuBeH cmpec ca kakmo 6 wumoBugHama
>KAe3a, maka u 6 nepudgepHume mbkaHu. YcmaHo-
BeHu ca noBuweHu cmodHocmu Ha 8-uzonpocmatu
npu nayueHmu ¢ moBa 3aboanBare 6 cpaBHeHue c
KoHmMpoAHa 2pyna (10).

OkcugamuBHuam cmpec uzpae ocHoBHa poaa
U NpuU CUHgpPOMa Ha NOAUKUCMO3HUME AUYHUUU
(PCOS), egHa om Hal-yecmume NnpuvuHu 3a oBapu-
aAHa gucdyHkuua, 3acazawa go 10% om >keHume
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6 penpogykmuBHa Bv3pacm. MoBuwenume cmol-
HOCMU Ha uzonpocmaHume npu moBa 3aboaaBaHe
KOopeAupam NOAOXKUMEAHO CbC cmoUHoCMume Ha
HOMA uHgekc, LDL-xorecmepoa, mpuzauuepugu,
XoMouucmeuH u anoaunonpomeun B (11).

Ha Queypa 2 e cucmemamu3upaHo ydacmuemo
Ha okcugamuBHua cmpec 6 namoezeHe3ama Ha peguua
€HgOKPUHHU U memaboAaumHu Hapywetus (Que. 2).

foAama yacm om xpoHuuHume 3aboaaBaHun
ce xapakmepu3jupam CbC 3amaHa Ha (YHKUUOHU-
pawama mwbkaH ¢ ubpo3Ha, kamo cBobogHume
pagukaAu u npogykmume Ha maxHomo geucmBue
ca ocHoBHU MogyAaamopu Ha Mmakpodpaeume u pu-
6pobracmume yuyacmBawu 6 mo3u npouec. Anon-
mo3ama Ha aaBeoaapHume enumeAHU KAeMKU Npu
navyueHmu ¢ uguonamuyHa NYAMOHaAHa pubposa,
acbecmosa UAU CUAUKO3a, KOAMO ce uHgyuupa om
cBobogHume pagukasu, gONbAHUMEAHO ce Nog-
cuaBa B8 omzoBop Ha noBuweHomo um uzabuBaHe
om yBpegeHume arBeorapHu mumoxoHgpuu. To3u
npouec Bb3znpenamcmBa Bv3zcmaHoBaBaremo Ha
6erogpobHUA napeHxum u yaecHaBa GerogpobHa-
ma ¢ubposza (12). Npu yepHogpobHa cmeamo3a
U HeaAKoxoAeH cmeamoxenamum noBuweHume
cmotHocmu Ha D2-uzonpocmaHume ce cBbp3zBam
¢ noBuwena akmuBHocm Ha 38e3goBugHume kKaem-
KU, Nnpogykuuama Ha kKoAazeH u pa3zBumuemo Ha
pubpo3Hu uzmeHeHua (13).

IMpu oHKoAO2UYHU 3abo0aaBaHua okcugamuBHu-
am cmpec uzpae poAa u 8 mpume ocHoBHU emana
B8 pazBumuemo Ha oHKOAO2u4HUME 3aboaaBaHus
- uHuuuauua, npomouua u npoepecusa. [TopBuam
eman yecmo 3anouBa 6 pe3zyamam Ha gelcmBue-
mo Ha cBobogHume pagukaau, KOUMO gUPEKMHO
yBpexxgam moaekyrama Ha AHK u ecpekmuBHo no-
BuwaBam Bb3mMoKHOCMMA 32 MymMauuu U OHKO2€EH-
Ha mpaHcgopmayua Ha KAemkKume, UAU ga e onoc-
pegcmBaH upe3 cueHaAHU NbmMuwa akmuBupaHu om
cBobogHume pagukaau. Bb6 Bmopusa eman c6060g¢-
HUMe pagukaAu mozam ga goBegam go HapyweHa
2eHHa ekcnpecus, OAOKUpaHe Ha KOoMyHuKauuama
mexkgy kaemume, noBuweHa kAembuHa npoAugepa-
Uua U nomuckaHe Ha anonmo3ama Ha HoBoobpasy-
BaHume kaemku. B emana Ha npoepecua c6o6ogHu-
me pagukaAu mo2am goNbAHUMEAHO ga NpoOMeHAam
cmpykmypama Ha AHK 8 HoBocb3igageHama kae-
mbyHa nonyaauua (14).

OcBeH npu xpoHuuHu 3aboanBaHuq, okcuga-
muBHuam cmpec yyacmBa 6 namodu3zuoro2uvHU-
me mexaHu3mu u npu ocmpu 3aboaaBaHun, kamo
npu Hakou om max HuBama Ha 8-isoPGF2-alpha mo-
2am ga ce uznoA3zBam 3a oueHka Ha CbcmoaHuemo u
npozpecuama Ha 3aboaaBaHemo. Npu nHeBmoHuama
npugobuma 68 obwecmBomo HuBama Ha 8-iso PGF2-
alpha u uHgramamopHume uumokuHu HapacmBam ¢

BrowabaHe Ha 3a60aaBaHemo, kamo Hau-Bucokume
cmoUHocmu ca cBbp3aHu ¢ AemaaeH u3xog (15).

PoArama Ha okcugamuBHua cmpec ce uzyyaba u
6866 Bpb3ka ¢ npouecume Ha cmapeeHe. HapyweHu-
ama 666 pyHkuuama Ha mumoxoHgpuume B pe3ya-
mam Ha okcugamuBeH cmpec 6 kaemkama u 6b3-
HUKHaAume npomeHu 68 mumoxoxgpuaaHama AHK 6
caegecmBue Ha moBa, ce pazaaexkgam kamo Bepoam-
Ha Npu4uHa 3a npoueca Ha ocmapaBaHe, KakmMo u Ha
cBobp3aHume c Hezo 3aboraBaHus (8).

MHozo06pazHume mexaHu3mu U POAU, KOUMO
uzpae okcugamuBHuam cmpec 6 pazauuHu npoue-
cu 6 opeaaHu3ma, uzuckBam mou ga 6bge uzmepeH ¢
nogxogawu memogu.

Memogu 3a aHaAus Ha okcugamuBHug cmpec

PeakmuBHume kucAropogHu u azomuHu BugoBe
BrkatouBam kakmo cpaBHumeAHo cmabuAHU MOAe-
KyAau kamo BogopogeH Nepokcug u aAKuA xugpone-
POKCUQ, maka u CUAHO peakmuBHume XugpokcugeH,
cynepokcugeH U aAkokcugeH pagukaa (16). CuaHo
peakmuBHume cBobogHu pagukaau ycnaBam ga
npocbwecmByBam camocmoameAHo 3a MHO20 Ma-
AbK ompazbk om Bpeme (10-9-10-12sec) (17). Emo
3awo aHaAau3bm Ha cBobogHume pagukaau 8 yoBew-
KUA Op2aHu3bm € gocma CAOXEH U MoXe ga Obge
ocbwecmBern eguHcmBeHO uype3 eAekKmpoH CNuH
pe3oHaHCHa CNekmpockonua - MexHuUKa, MpyYgHo
npuroxkuma B exxegHeBHama AabGopamopHa npak-
muka (18). Kem Hacmoawuam momeHm kocBeHo ce
Cbgu 3a Haauduemo Ha cBobogHu pagukaau upe3 u3-
mepBaHe Ha npogykmume om maxHomo getcmBue
Bbpxy pazauuHume BugoBe GuoAO2UHMHU MOAEKYAU.
[Mopagu ¢pakma, ye noBeuemo mecmoBe 3a okcu-
gamuBeH cmpec He u3zmepBam gupekmHO cbom-
HOWEHUEeMO NpooKcugaHmu/aHmuokcugaHmu 6
opeaHu3ma, Bce owe Hama eguHHO cmaHoBuwge Kol
om Bcuuku mecmoBe 3a aHaau3 Ha okcugamuBHusa
cmpec B8 opeaHuzma e Hal-nogxogaw, 3a PYmMuUHHO
u3znoa3zBare 8 nAabopamopuume (18).

Mozam ga ce u3zcaegBam unguBugyarHume
NPOgYKMU OmM OKUCAEHUEMO Ha aMUHOKUCEAU-
HUMe Kamo OuUMUPO3UH, OPMO-MUPO3UH, 2-OK-
CO-XUCMUQUH, 2Aymamam noayargexug, agunuHoB
noayaagexug, BaauH xugpokcug, AeBuuH xugpokcug,
L-guxugpokcudeHuraratuH (L-DOPA), kakmo u 6u-
MUPO3UH Cbgbp>Kawu KpbcmocaHo cBbp3zaHu npo-
meuHu (19).

TpuHumpomupo3uHsbm, ocHoBeH npogykm Ha
getcmBuemo Ha Hakou peakmuBHume a3omuu op-
MU, € eguH om wupoko npoyuBaHume mapkepu
B8 nocaegHume 2oguHu (20). PagpabomeHume
2a3-xpomamozpadcku memogu 3a HezoBomo onpe-
geAaHe ce xapakmepu3upam ¢ Bucoka mouHocm u
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yyBcmBumeaHocm, HO cbwo u Bpemememkocm, go-
Kamo meuyHOo-Xpomamoezpapckume U WUpPOKO pas-
npocmpaHeHume ELISA-6a3upaHu memogu umam
no-Hucka 4yBcmBumeaHocm u He MHO20 gobpa
mouHocm (21). 3a onpegeAaHe Ha KOHUeHmMpauuama
Ha 00Womo CbgbpykaHue Ha kapboHuAHU 2pynu 6
npomeuHume Moxe ga ce uznoa3Ba peakyuama um
¢ 2,4-guHumpodeHuaxugpazuH (DNPH) nocaegBaHa
om cnekMpoomMOoMEMPUYHO OMYUMaHe Ha NOAY-
yeHua Nnpogykm (22). 3a cbXKareHue peakuuama He
e cneuucuyuHa, 3awomo DNPH peazupa u ¢ muoaa-
gexug. Cowo maka e Bb3moxHo u uznoazBaHemo
Ha pAyopecueHmMHo 0a2puAo Hanpumep XUugpoKcu-
AAMUH, pAyopecueuH-5-muocemukapbazug uau ge-
puBamu3zauua ¢ GuomuHxugpa3uH u Bu3yaauzauua c
aBuguH caeg 2ea-enekmpodpopesa (23). KoauvecmBe-
HUAM aHaAU3 Ha OKUCAEHUME NPOMEUHU e U3KAKUU-
MeAHO MpPYgeH om egHa cmpaHa Nopagu 20AAMOMO
MHO2006pazue om NPOMEHU Ha aMUHOKUCEAUHHUME
ocmambuu, KOUmMo mo2am ga ce HabatogaBam, a om
gpyz2a cmpaHa nopagu gonbAHUMEAHUMeE MOgudu-
kauuu B8 pesyamam om B3aumogeldcmBuemo um ¢
OKUCAUMEAHU NPOGUYKMU Ha gpyau MOAEKYAU Kamo
Aunugu u Bveaexugpamu (24).

Had-yecmo u3noazBanuam mapkep 3a yBpex-
gaHe Ha AHK e 8-xugpokcu-2-geokcuayaHo3uH (8-
OHdG), koimo ce noayvaBa npu 8-xugpokcuaupaHe
Ha 2yaHuHa, kamo okucAeHume 6a3u om AHK ce
3ameHam c HoBu, a noBpegeHume ce ekckpemupam
8 kpbBma u cbomBemuo 8 ypunama (25). Hegoc-
mambK Ha onpegeAaHemo Ha 8-XugpoKcu-2-geokcu-
2yaHo3zuHa e apmuduuuarHomo noBuwaBare Ha
KoHueHmpauuama my 8 npobama 8 npoueca Ha u3-
oAauua Ha AHK, pazaukume 6 okucaeHuemo Ha mu-
moxoHgpuaaHa u agpeHa AHK, Bauanue Ha BbHwHU
aHMUOKCUgaHMu NpuemaHu ¢ XpaHama, MACmMo Ha
yBpegama - akmuBHu uau HeakmuBHu 2eHu, B 30Ha-
ma Ha MmeAOMepume UAU Ha yvyacmbK 6e3 CMUCbHA U
He Ha nocAegHO macmo Bug Ha KAemKume U mbKaHu-
me om koumo e u3oAaupaHa AHK (19).

AoCma WwupoKo paznpocmpaHeHo e onpegeaa-
HEMO Ha MaAoHguaAgexug 3a OUeHKa Ha okcugamu-
Ben cmpec. Had-yecmo mou ce u3caegBa nocpeg-
cmBom peakuyua ¢ muobapbumypoBa KuceauHa
(TBA) - memog, koimo Bbnpeku Huckama cu cebe-
cmoUHoCm, ce xapakmepu3upa ¢ Aowa Bb3npous-
Bogumocm, Hucka cneuyucuyHOCM, MaAka cmabua-
Hocm Ha uznoa3BaHume kaaubpamopu u KOHMPOAU
(26). CowecmByBawume gaHHU 3a KOpeAauua Mex-
gy cmolHocmume, noAydeHu ¢ muobapmumypo-
Buas mecm 3a onpegeaaHe Ha MaAoHguaagexug u
gpyau mapkepu 3a okcugamuBeH cmpec (Hanpumep
8-OHdG), gokazBam eguHcmBeHo HaAuuue Ha gpyau
Npogykmu Ha okcugamuBHua cmpec, peazupawu c
muobapbumypoBama kuceauHa (27). Npegaazam ce

U Memogu 3a onpegeAaHe Ha MAaAOHgUaAgexug no-
cpegcmBom uau upe3 eH3umHo cBbp3zaH umyHocop-
6enmen aHaauz (ELISA) uau 6uocen3opu (28).

3a pazAuka om masoHguaAagexuga, uzonpocma-
Hume ca cmabuAHU MOAEKYAU u kamo makuBa mo-
2am ga cAy»kam 3a oueHka Ha okcugamuBHua cmpec
8 opeanuzma. Te ce omkpuBam B8 peguua mbkaHu
u mevyHocmu B opzaHu3zma Kamo nAa3ma, ypuHa,
AukBop, bpoHxoarBeorapeH AaBaxk, CAIOHKA U XKAbY-

a (29). Om gpyea cmpaHa, maxHama KOHUeHmMpa-
uua AecHo ce uzmeHa B noaoXkumeaHa nocoka, caeg
B3emaHe Ha Buoao2uyHama npoba, ako 6 Hea uma Ha-
Auyue Ha pocgoaunugu, BrarouBawu apaxugoHoBa
KUCEAUHa, U npu Aunca Ha gobaBeH aHmuokcugaHm.
Emo 3awo e om ocobena BaxkHocm HezabaBHomo
ueHmpodyeupaHe u 3ampazaare Ha Guoro2udHUME
npobu BegHaza careg B3emaHemo UM, CbxpaHeHUEMo
um npu - 80°C, uau uznoazBaHemo Ha nogxogaw, aH-
muoKcugaHm, kamo OymuAupaH XUgpOKCUMOAYEH
(BHT), eaymamuon (GSH), uHgomemauuH uAu Kom-
6uHauyua om max. Onumume noka3Bam, ye obpaszy-
Banemo Ha uzonpocmanu ex vivo 6 Guoaro2udHuMeE
npobu npogbaxkaBa, gopu ako me ca nocmaBeHu
3a cbxpaHeHue 6v6 cppuszep npu -20°C (30). M30-
npocmaHume ce omkpuBam 6 6GuoaozuuHama ma-
mpuya 6 cBobogHa popma, cBbp3aHu ¢ npomeuHu
uau 8 ecmepucpuyupaHa gopma. 3a kKoauyecmBeH
aHaAU3 HA MOMAAHOMO CbgbprKaHue Ha uzonpocma-
HU e Heobxogumo cBbp3aHume uzonpocmaHu ga ce
ocBobogam, kamo obukHoBeHo moBa ce nocmuza
nocpegcmBom aakaaHa xugpoausa (30-32).

INpu aHaAu3 Ha KpbBHU Npobu (nAa3zma, cepym)
e Heobxogumo ga ce uzbaz8am makuBa c xemoau3a,
mbl kKamo ma ce cBbp3Ba ¢ ocBoborkgaBaHe Ha 20-
Aemu koaudecmBa pocgpoaunugu 8 npobama, u cbe
cbomBemHo noBeue Nnpogykmu Ha AunugHama ne-
pokcugauus (33).

Haauuuemo Ha kpbBHO-mO3buHa Oapuepa 3a-
mpygHaBa 6 2orama cmeneH guazHOoCmMuKama u Ae-
yeHuemo Ha 3aboaaBarnuama Ha LIHC. AHaauzbm Ha
uzonpocmanu 6 AukBop moxke ga ce uznoa3zBa kamo
mapkep Ha okcugamuBHume npomeHu npu HeBpoge-
2eHepamuBHume 3ab6oaaBaHun (34,35).

HezaBucumo om unBazuBHua xapakmep Ha
npo6oB3emaHemo, aHaAu3bM Ha amHUOMUYHaMa
meuyHoCcm MmoXKe ga gage 6ozama uHgopmauus 3a
3gpaBemo Ha nAoga u naaueHmama, Koamo He 6u
MO2AQ ga Cce NoAYYU No gpye HaduH. M3caegBane-
mo Ha 8-isoPGF2-alpha moxe ga ce uznoa3zBa kamo
nomeHuuareH npegukmuBeH mapkep, mMbU Kamo
noBuweHume my cmouHocmu ce HabaogaBam npu
6pemerHu, koumo B8 nocaegcmBue pazBuBam npee-
KAaamncua (36). HapyweHuama Ha okoAOnAOgHUA cak
u 3abaBane 8 uHmpaymepuHHomo pazBumue cbwo
ce cBbp3zBam c HapacmBaHe Ha KOHUeHMpauuama
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Ha uzonpocmaHume 6 OKOAONAOgHaMa MmeuvHoCm.
MNpu BpogeHu 3aboraBaHun, Kamo cuHgpPom Ha AayH,
ce ycmarHoBaBam mHozokpamHo noBuweHu cmod-
HOCMU Ha Cbwua nokazamea (37).

MHozo gobpa uHgopmamuBHa cmolHocm 3a
npozpecuama Ha uHmepcmuyuasHume 3aboaaBaHua
Ha 6eaua gpob uma aHaAuzbm Ha uzonpocmau 6
npoba om GpoHxoarBeorapeH AaBax (BAA) uau 6
Xpauka. Xpaukama Cbgbpika CMeC Om CAIOHKA U My-
KYC Om 20pHUME OMQUEAU Ha guxameAHUa Mpakm u
gaBa uHgopmayua no-CKopo 3a mpaxeo-6poHxuan-
Homo gbpBo, gokamo BAA - 3a goaHUmMe omgeau u
cbgbpykaHuemo Ha arBeoaume (38).

EguH om Had-yecmo uznoazBaHume Guoao2uu-
HU MamepuaAu 3a aHaAu3 Ha u3zonpocmaHu e ypu-
Hama. OcHoBHomo npegumcmBo Ha uznoazBaHemo
Ha ypuHHuU npobu e HeuHBa3zuBHua xapakmep Ha
npo6oB3emaHemo, emo 3awo moBa e npegnouu-
maH Guoroz2uueH mamepuar om noBevemo yuyeHu.
Hegocmamwbuume ce cBbp3zBam ¢ aowama cmat-
gapmu3auus Ha npoueca Ha npoboB3emaHe, kKakmo
u Haauyuemo Ha BewecmBa, npomeHawu npoueca
Ha UOHU3aUUA Ha aHaAumMume Npu Mac Cnekmpo-
Mempu4yHama gemekuua, KOoumo ¢ nomowma Ha
NOgXogawu MexHUKU Mo2am go 20AaMa CmeneH ga
6bgam komneHcupaHu (39).

CaloHkama kamo aamepHamuBeH u3mouHuK Ha
uHcpopmayun 3a 3gpabemo Ha opeaHu3ma uma pegu-
ua npeumywecmBa. Hat-ocHoBHume ca cBbp3aHu ¢
HeuHBa3zuBHua xapakmep Ha B3emaHe Ha npobama,
Bb3morxkHocmma npoboB3iemaHemo ga ce u3zBbpw-
Ba om Bceku u gopu 8 goma Ha nauueHma (omnaga
HY>Xgama om cneuyuaiHo o6yyeH NepcoHaA), HUCHK
pucKk 3a ope2aHuzma om camomo npoboB3emate, Hu-
CbK puck om KpbcmocaHo 3ambpcabBaHe Ha npobu-
me, cbnocmaBumu pezyamamu ¢ KpbBHUmMe npobu
3a egHa yacm om memaboaumume (40). [Npu aHaau3
Ha uzonpocmanu B caloHka om ocobeHo 3HavYeHue e
HauuHbmM Ha npoboB3emare, koemo e B cbcmonaHue
He camo ga yBeauuu, HO U ga HamaAu cmolHocmume
Ha noaydeHume pe3jyamamu. Hanpumep uznoa3Ba-
Hemo Ha cucmema 3a npoboB3emaHe Ha CAlOHKA He
BuHazu e Hal-ygauHuam BapuaHm u moxke uyBcmBu-
MEeAHO ga NPOMEHU NOAYYeHUMe KoHueHmpauuu (41).

AHAAU3 Ha usonpocmpaHu

Bb3mosxkHoCcmume 3a aHaAu3 Ha ugonpocmaxu 6
6uoro2uuHa mampuua ce cBexkgam go gbe ocHoBHU
2pynu MeMogu - Xxpomamozpacku ¢ Mac cnekmpo-
MempuyHa gemekuua U UMYHOXUMUYHU.

Xpomamoezpagcku memogu
IMpegcmaBasaBam pazgeaumeaHu memogu, npu
KOumo cbcmaBHume KOMNOHEHMU Ha aHaAu3upaHa-

ma cmec ce paznpegeaam mexgy gBe HecmecBawu
ce pa3u - egHama HenogBu>kHa, 3apegeHa B koAoHa
UAU pa3cmAaHa Ha NAOCKOCM U gpyeama nogBux-
Ha - 2a3zoBa uau meuHa (42). KoHueHMpauuoHHU-
am guana3oH, 8 koimo obukHoBeHO ce Hamupam
cmoUHocmume Ha 8-isoPGF2-alpha 8 6uoao2uuHume
meuHocmu, e om ng/L go pg/L, koemo Haraea u3-
noazBaHemo Ha mHo20 YyBcmBumeaHu gemekmopu
npu aHaau3a.

[a308a xpomamoepacpua ¢ mac Cnekmpomempus.

AHaAUMuUYHUAM Memog, C nomouwyma Ha Kou-
mo 3a npbB nbm ca onpegeaeHu F2-uzonpocmatu,
cbwo e om mo3u mun (43). Memogbm ce 6a3upa
Ha gepuBamu3auua Ha u3onpocmaHume go neH-
ma-tpayopobeHzuroBu ecmepu U MpUMEMUACUAUAO-
Bu AemauBu gepuBamu. foaama yacm om nocaegBa-
wo nybaukyBarHume memogu ce Gazupam Ha mo3u
(35, 44, 45). To-HoBo pa3zpabomeHume memogu
uznoa3zBam 2a3zoBa xpomamozpadua ¢ maHgem mac
cnekmpomempudeH 3aBbpwek u BbmpewHa cmas-
gapmu3zauua (31). OcHoBHume o2paHuveHua Ha
2azoBo-xpomamoepagpckume memogu ca cBup3a-
HU ¢ Bb3MOXKHOCMMa 3a aHaAu3 camo Ha AemauBu
BewecmBa. ToBa Haraza BvbBexgaHemo Ha gonba-
HumeAHa - gepuBamu3sauuoHHa npouegypa 3a npe-
BpbwaHe Ha aHaauzupaHume BewecmBa B no-aecHo
AemauBu. Taz-xpomamoepagpckume memogu € mac
cnekmpomempuyHa gemekuusa ca yyBecmBumenru u
cneyuuUYHU, HO UMam CAOXHa U mpygoemka npo-
6onogzomoBka.

BucokoepekmuBHa medHa xpomamoepagpua C mac
cnekmpomempusa

M3noa3zBaremo Ha mo3u mun memogu HaBau3a
MaAKO NO-KbCHO NpU aHaAu3a Ha uzonpocmanu. Oc-
HoBHO npegumcmBo Ha meuHo-xpomamozpackua
aHaau3 B cpaBreHue c 2azoBo-xpomamozpacdpckus e
Auncama Ha Heobxogumocm om gepuBamu3auun Ha
no-chabo aAemauBume aHaaumu (46). Npo6onogeo-
moBkama BkatouBa uznoazBaHe Ha mBbpgogazoBa
U/UAU MeYHO-MeYHa eKcmpakuyua Ha u3onpocmaHu-
me om GuoAro2uyHama mampuua. Bcuuku nybaukyBa-
HU MeyYyHO-Xpomamozpagcku Memogu go MomeHma
BratouBam pazgeaaHe ¢ nomowma Ha Bucokoedek-
muBHa meuHa xpomamoepadua ¢ obpamHa asa,
ompuuameaHa UoHu3auua (eaekmpocnpel UAU Xu-
MUYHA) U MaHgem mac CneKmpomempuyHa gemek-
uusa (32, 47, 48). MNMpu noBeuemo om nybaukyBaHume
go momeHma memogu e u3znoa3BaH mpouHokBagpy-
NOAEH aHaAu3amop, a Npu egHa maaka yacm QTRAP,
QTOF uau FTICR aHaauzamopu (47, 49, 50).
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MMyHOXUMUYHU Memogu

Bagupam ce Ha peakuyuama aHmu2eH-aHMuMa-
A0. B Aumepamypama ca nybaukyBaHu gaHHu 3a u3-
noazBaHemo Ha gBa muna uMyHOXUMUYHU memogu:

PaguoumyHoxumuyHu memogu (RIA)

B egurcmBerusam nybaukyBaH go momeHma pa-
guoumMyHOXUMUYEH Memog ce u3noa3Ba mapkupaH c
paguoakmuBer BogopogeH uzomon mpumud (3H)
aHmuzeH (8-isoPGF2-alpha), koimo ce cBvp3Ba cbe
cneyuuuHu aHmumeaa (51). Memogbm uma MHO20
gobpa uycmBumeanocm (23 pmol/L), Ho kKakmo npu
noBeyemo uMyHOXUMUYHU Memogu npobaem e Kpbc-
mocaHama peakmuBHocm ¢ gpyau u3onpocmaHu u
npocmazaaHguHU.

EH3UMHU UMYHOXUMUYHU Memogu

EH3UMHUME UMYHOXUMUYHU Memogu ca Hal-wu-
POKO paznpocmpaHeHume memogu 6 nocaegHume
HAKOAKO 20gUHU nNopagu cpaBHUmMeAHO maakume UH-
Becmuuuu 8 o6opygBare u Huckama cebecmol
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Pesiome

3axapHuam guabem e xpoHu4HO 3ab6oaaBaHe,
npegcmabBanBawo 3Hayum 3gpabeH, meguko-co-
uuaseH u ukoHomudecku npobaem. CaoxxkHama
emuonamozeHe3a npegnoaAaza pa3geaaHemo My
Ha noBeuye om goceza no3zHamume ocHoBHU mu-
noBe - 3axapeH guabem mun 1, 3axapeH guabem
mun 2, 2ecmauuoHeH 3axapeH guabem u cumn-
momamuyeH 3axapeH guabem. BvBexxgaHemo Ha
HoBa KAbCmepHa KaacuuKkayus, pajgeaaw,a hauu-
eHmume Ha 5 cneyuduuHu 2pynu, 6u NnomozHaA0
Ha cneyuaaucmume ga uHguBugyaauzupam mepa-
neBmuuHua cu nogxog u gobpe ga geduHupam
HaAUYUEMO Ha YCAOXKHeHUAa owe npu nocmaBaHe-
mo Ha guazHo3zama. C nomowma Ha oueHaBaHemo
Ha cAegHume 6 nokazameaa - Bb3pacm, uHgekc
Ha meaecHa maca (TM), HBA, , Haauuue Ha aH-
mu-GAD65 aHmumeaa, oueHka Ha HGema-kAembu-
Hama ¢yHkyua (HOMA2-B) u Ha uHcyauHoBama
pesucmenHmHocm (HOMAZ2-IR), 3axapHuam gua-
6em moxe ga b6bge omHeceH 8 HAakoa om caeg-
HUMe 2pynu - MmexXbk aBmoumyHeH, mexxbk UHCY-
AUH-geuUUMeH, MeXbK UHCYAUH-PE3UCMeHMEH,
Aek, cBbp3aH cbc 3amabcecmabane, u Aek, cBbp3aH
c Bb3pacmma 3axapeH guabem. Cmpemexkbm Kbm
nepcoHaau3zupaH nogxog 6u nogobpua 3gpaBemo
Ha nauueHmume, 6u omaoxuA uHBaruguzupawu-
me ycAoXKHeHua u 6u Hamaaua 3gpaBHume pa3zxo-

Abstract

Diabetes mellitus is a chronic disease
representing a significant health, medico-
social and economic problem. The complex
etiopathogenesis suggests its division into more
than the hitherto known main types - diabetes
mellitus type 1, diabetes mellitus type 2,
gestational diabetes mellitus and symptomatic
diabetes mellitus. The introduction of a new
cluster classification, dividing patients into
5 specific groups, would help specialists
to individualize their therapeutic approach
and comprehensively define the presence
of complications at the time of diagnosis. By
evaluating the following 6 indicators - age,
body mass index (BMI), HgA, 6 presence
of anti-GAD65 antibodies, assessment of
beta-cell function (HOMA2-B) and insulin
resistance (HOMAZ2-IR), diabetes mellitus can
be classified into any of the following groups
- severe autoimmune, severe insulin-deficient,
severe insulin-resistant, mild obesity-related, and
mild age-related diabetes mellitus. Pursuing a
personalized approach would improve patient
health, delay debilitating complications, and
reduce healthcare costs by directing them toward
disease-specific prevention and management.
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beuyeBa, EaneHa A. u konekmuB

gu, HacouBalku 2u Kbm npoguAakmuka u mpemu-
paHe Ha KoHkpemHomo 3aboaaBaHe.

B Hacmoawama o630pHa cmamua ca pa3aae-
gaHu B yacmHocm cneuyuduyHUME Xapakmepuc-
MUKU Ha pa3AUYHUME KAbCMeEepu, maxHama 4vec-
moma u 066bp3aHOCM C KOHKPEMHO YCAOXKHEHUE,
0azupaHu Ha gaHHU om pa3AudHu npoyuBaHua
cpeg nonyaauuu no cBema, nokazBawu maxHama
3Hayumocm u Heobxogumocm om u3znoa3Bane 6
exxegHeBHama npakmuka.

KarovoBu gymu:

In the present review article, the specific
characteristics of the different clusters, their
frequency and association with a specific
complication, based on data from different
studies among populations around the world,
showing their importance and necessity of use
in daily practice, are discussed in particular.

Key words:

3axapeH guabem, KAbCmepHa Kaacugukauus, mepa-
neBmuyeH NOgxog, YCAOXKHEHUA Ha 3axapeH guabem

diabetes mellitus, cluster classification, therapeutic
approach, complications of diabetes mellitus

BvBegeHue - knacudpukayuga Ha 3axap-
Hug guabem B ucmopuyecku naaH

3axapHuam guabem e eguH om HaU-3HavYuUMuUMe
meguuuHcku npobremu B cBemoBen mawab-nou-
mu 537 muauoHa xopa Ha Bb3pacm mexgy 20 u 79
20guHU cmpagam om 3aboaaBaHemo, kamo moBa
ce paBuaBa Ha 10,5% om cBemoBHomo Haceae-
Hue. INMpe3 2030 2. ce ouakBa 3gpaBHume pazxogu
3a AevyeHue u ynpabBaeHue Ha 3axapHua guabem ga
gocmuzHam Hag T mpuauoH goaapa (1).

Onumume 3a pa3geAaHe Ha 3axapHua guabem
Ha omgeAaHu munoBe gamupam om gbAboka gpeB-
Hocm. pbukuam aekap Aretaeus (81-138 2. omH.e.)
gaBa onucaHue 3a nbpBu nbm Ha 3ab6oaaBaHe, Koe-
mo Hapuua ,guabem” (om 2pbuku Stafaivw - npe-
MuHaBam), Kamo No MO3u Ha4YuUH oxapakmepu3upa
noBuweHomMo omgeAaHe Ha ypuHa npu moBa cbce-
moanue (2). Owe npe3 5-mu u 6-mu Bek nbpBume
atopBeguuru yuenu Sushruta u Charaka onucBam
caagka Ha Bkyc ypuHa, HapuuaHa ,Madhumeha”
UAU owe ,megeHa ypuHa” u uzkazBam cobmHeHue
3a cowecmByBanemo Ha gBa muna guabem - egu-
Huam, cBbp3aH ¢ maagama Bb3pacm, a Bmopuam,
066bp3aH cbc 3amabcmaBane (3). pe3 1788 .
Thomas Cawley caeg aymoncua Ha guabemHo 6o-
A€H U3Aaza npegnoAoykeHue 3a Bpb3kama Ha nat-
Kpeaca ¢ moBa 3aboaaBaHe, creg kamo omkpuBa
6eare3u 3a mbkaHHa yBpega 8 mo3u opezan (3).

MNpe3 1866 2. G. Harley uzkazBa npegnoao-
eHue, ve cbwecmByBam noHe 2 Buga 3axapeH
guabem, koumo u3uckBam guamempaAHO npo-
muBonoAoxxHo AedeHue (4). OpeHckuam yueH E.
Lancereaux pazepaHudaBa 3axapeH guabem npu
Bucoko meaao u makbB NpPU HUCKO UAU HOPMAAHO

meano ,diabete gras” u ,diabete maigre” (5). Pazau-
Kama mexgy gbeme opmu Ha 3axapeH guabem
HaucmuHa e 6uaa acHa owe 6 epama npegu om-
kKpuBaHe Ha uHcyAauHa u BvBexkgaHemo My Kamo
AedveHue. YcmaroBaBa ce, ye noBeuemo geua u Ha-
Kou xopa 6 3para Bb3pacm ymupam om 3axapeH
guabem B pamkume Ha HAKOAKO Meceua, gokamo
no-Bb3pacmHu xopa C HAGHOPMEHO ME2A0 YeCcmo
oueaaBam c 2oguHu.

R. D. Lawrence (6) cbwo u3zyvaBa Haauduemo
Ha gechuyum Ha UHCYAUH NPU Yacm om xopama CbC
3axapeH guabem u omcbcmBuemo my npu gpyau.
[Mpe3 1926 2. mol 3a nbpBu nbm Bepuduuupa Ko-
AudyecmBeHOMO CbgbpikaHue Ha UHCYAuH B cepy-
Ma, uzydaBa epekmume my Bbpxy 2Al0KO3HamMa Ha-
AuyHocm nog BauaHue Ha uzuvecka akmuBHocm
U npuemaHe Ha BbeaexugpamHa xpaHa u 6 maszu
Bpb3ka - mexaHuzmume Ha Bb3HUKBaHe Ha xuno-
2aukemus. HabeaazBa npakmuyecku cwBemu 3a nog-
gbpykawa guema u pe2yaupaHe Ha uHcyauHoBama
go3a 6 3aBucumocm om xpaHeHemo u gBuz2amenHus
pexkum, HacouBa BHumMaHuemo Kbm nepcoHaAu3upaH
nogxog B AeyeHuemo Ha 3axapHua guabem 8 3aBucu-
MOCM oM Hy>kgama om UHCYAUH (6).

W. Falta u cemp. (7) npe3 1931 2. u3kaz-
Bam cmaHoBuwe 3a cbwecmByBaHemo Ha uH-
CYAUH-yyBcmBumeAHU U UHCYAUH-pe3ucmeHmHu
dopmu Ha 3axapeH guabem. [Mpuro>keHuemo Ha
UHCYAUH Npu UHCYAuH-yyBcmBumeaHume nauueH-
Mu nomucka omgeAaHemo Ha 2AlKko3a 6 ypuHama
u Bogu go xunoz2aukemus, gokamo cnupaHemo Ha
uHcyauHa 6bp3o Bogu go 2AI0KO3YpuUA U KEmMO3a,
goKamo Npu UHCYAUH-PE3UCMEeHMHU NayueHmu He
ce HabatogaBam nogo6HU npomeHu (7). AHaro2uu-
HU guazHocmu4Hu mecmoBe npunaza u H.P.
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Himsworth (8) npe3 30-me 2oguHu Ha muHaaua Bek u
pa3epaHuvaBa gBama ocHoBHU muna 3axapeH gua-
6em. [llpu uHcyauH-yyBcmBumeaHume nauueHmu
3aboaaBaHemo ce gbAXKU Ha geduuum Ha UHCYAUH,
goKamo npu UHCYAUH-pe3UCMEeHmMHuUme nauyueHmu
3axapHuam guabem e pe3yamam om Aunca Ha Heus-
Becmen pakmop, koimo npabu maromo HeuyBcm-
BumenHo Kbm uHCyAuH (8). J. Lister u comp. npe3 1951
2. gokaagBam, ye uma ,g6e wupoku 2pynu NavueHmMu
CbC 3axapeH guabem” - 2pynama Ha maagume, cAabu,
HeapmMepuoCKAEPOMUYHU C HOPMAAHO KpbBHO Haa-
2aHe u 06ukHoBeHo ocmpo Havaao Ha 3aboraBaHemo
u no-Bb3pacmHume, 3amMAbCMEAU, apMEPUOCKAEPO-
muuHa 2pyna ¢ xunepmonua u obukHoBeHo 6e3cumn-
momHo Hauvano (9). Philip Hugh-Jones, pabometku 6
dmatka npe3 19552, gopa3BuBa uzkazaHomo mBbp-
geHue om Lawrence u Lister u 8b8e>kga mepmuHume
3axapeH guabem mun 1 u mun 2 (10).

[Mpe3 1965 2. EkchepmHa Komucua No 3axapeH
guabem nybaukyBa nvpBua gokaag Ha C30 omHoc-
HO KAacucpukauuama Ha 3aboaaBanemo (11). MNMpe3
1980 2. EkcnepmHama komucua npegaaza 2 ocHOBHuU
KAaca 3axapeH guabem - uHcyauHo3aBucum 3axapeH
guabem (M33A)/mun 1 u HeuHcyAauHo3aBucum 3axa-
peH guabem (HM33A)/mun 2 (12). MNpe3 2oguHume
mepmuHume M33A u HM33A 6uBam npemaxHamu
om KAacugukauuume, nopagu maxHama macHa Ha-
COYEHOCM KbM NPUAOXKEHOMO OmM KAUHUUUCMUME
AeveHue u Bb3zpacmma Ha cbomBemHua nayueHm,
Hepa3kpuBawu namozeHe3ama Ha 3a6oaaBaremo.

B Hauaromo Ha 2023 2. AMepukaHckama guabem-
Ha acouuauusa (ADA) ymBbpykgaBa caegHomo nogpas-
geaeHue Ha 3aboaaBaHemo - mun 1 3axapeH guabem
(BcaegemBue Ha B-kaembuHa gecmpykuus, obuyalHo
Bogewa go abcoaromeH uHcyauHoB gecpuuum); mun 2
3axapeH guabem (gbakaw, ce Ha HeaBmoumyHHa Nnpo-
epecuBHa 3azyba Ha agekBamHa B-kAembUHa UHCYAUHO-
Ba cekpeuus Ha (poHa Ha uHcyAuHoBa peucmeHmHocm
u memaboAumeH CUHgPOM), XUBPUGHU (hopMU Ha 3axa-
peH guabem (6aBHo pazBuBaw, ce umyHHO-meguupaH
3axapeH guabem npu Bb3pacmuu /6uBw LADA - Latent
Autoimmune Diabetes in Adults, AamenmeH aBmoumy-
HeH guabem B 3para Bb3pacm/, cKAOHEH Kbm Kemo3a
guabem mun 2); cneyucpuyHu munoBe 3axapeH guabem
(Hanp. moHozeHHU cuHgpomu - MODY /Maturity-onset
diabetes of the young/, 2zeHemuuru gecpexkmu 6 uHcy-
AuHoBomo geticmBue; 3aboanBaHun Ha EK30KpUHHUA
naHkpeac - naHkpeamum, Kucmu4yHa ¢pubposa, Kap-
UUHOM Ha NaHKpeaca, eHgoKpuHHU 3aboaaBaHug, B8 m.u.
cuHgpom Ha Cushing, akpomezaaus, AekapcmBeHo uHgy-
uupaH 3axapeH guabem - npu ynompeba Ha 2AI0KOKOp-
MUKOCMepPOUgU, MUPEeoUgHU XOPMOHU, Mua3ugu, arda-
u 6ema-agpeHep2uYHU a20HUCMU U M.H.), 2eCMayuoHeH
3axapeH guabem (HapyweHue Bb68 BbarexugpamHua
moaepaHc, ycmaHoBeno no Bpeme Ha Bmopu uau
mpemu mpumecmbp Ha GpemeHHOCMMa, Koemo He e

buao peaucmpupaHo 6pemeHHocmma)
(Taba. 1) (13).

3a ga ce pazpabomam no-cbBbpweHu cucmemu
3a Kaacugpukauua e Heobxogum Hanpegbk 6 pazbupa-
HEemMo Ha paszAudyHUMeE emuo-namo2eHUMUYHU NbMu-
wa u mexaHusmu, Bogewu go xunepaaukemua u noaBa
Ha 3axapeH guabem. Aokamo kaacuyeckume munoBe
3axapeH guabem - mun u mun 2, o6ukHoBeHo mo2am
ga 6bgam gobpe pazepaHuYeHU KAUHUYHO, UMa MHO-
20 XOpa C KAUHUYHU U BUOXUMUYHU Xapakmepucmuku,
Koumo 3ampygHaBam munu3zupaHemo Ha 3aboaaBa-
Hemo. V3acHaBaHemo gaau xubpugHume nogmuno-
Be npegcmaBasBam omgeAHU HO30A02UYHU eguHUUU
UAU ca yacm om npozpecupaw, 666 Bpememo pazau-
YeH cnekmMbp Ha HapyweHuama cbwo uzuckBa HoBu
no3HaHus. 3caegoBamenckama yea e ga ce uzacHam
emuo-namozeHemuyHume nbmuuwia, Bogewu go Ha-
manaBaHe u/uau 3a2yba Ha B-kraembuHama yHKuuA.
Tol kamo moBa e egHa obwa xapakmepucmuka Ha
Bcuuku munoBe 3axapeH guabem, e Bb3MOXKHO Obge-
wiume cucmemu 3a Kaacugpukauua ga ce pokycupam
Bbpxy mo3u gakm, npu ycroBue ye Gbgam ugeH-
mucpuyupaHu omAUYMUMEAHU MmexaHu3mu, cBbp3aHu
C YHUKaAHU KAUHUYHU nogmunoBe, koumo 6 kpadHa
cMemKa moz2am ga umam OomHoweHue KbM NepcoHa-
AU3UpaHe Ha AeveHuemo. 3a Hal-MOYHO munu3upaHe
Ha 3axapHua guabem ca Heobxogumu buomapkepu u
HagexxgHu mecmoBe 3a oueHka Ha [-kAembuHama
maca u yHKuua, Kakmo u 3a npocaegaBaHe Ha npo-
2pecuama Ha HapyweHuama u omaoBopa Kbm pa3auu-
HU mepaneBmuuHu uHmepBeHyuu.

B masu Bpb3ka obwupHo ckaHguHaBCko KAUHUY-
HO npoyuBaHe cvbobwaba 3a nem pa3zauuHu nogmu-
na Ha 3axapeH guabem Ha 6a3ama Ha 2pynupaHe Ha
KAUHUYHU, BUOXUMUYHU U 2eHemuyYyHU Nnoka3ameau
npu xopa ¢ HoBoguazHoCcMuUupaH 3axapeH guabem.
Taka, npe3 2008 2. npoepamama ANDIS cu nocma6a
3a ueAa ga ob6xBaHe Bcuuku HoBoguazHOCMuUUUpPaHU
AUUQ CbC 3axapeH guabem go 1 2. om nocmaBaHe-
mo Ha guazHo3ama B o6racmma CkaHua 6 HO>xHa
[lIBeuusa (14). BkatoueHume B Hea uHguBugu ca Hag
20 000 uau Hag 90% om HoBoguazHocmuuupaHume
navuuenmu. E.Ahlgvist u comp. nogpazgeaam me3u
uHguBugu, uznoazBalku caegHume 6 nokazameaa
- Bv3pacm, UTM, HBA, , Haauuue Ha aHmu-GAD65
aHmumeaa, oueHka Ha Oema-kAembuyHama QYHK-
uua (HOMA2-B) u uHcyaurHoBama pezucmeHmHocm
(HOMAZ2-IR) (14, 15).

MoAayueHume 5 kabcmepa npumexaBam cne-
UUMPUYHU XapakmepucmuKu u npozpecus.

Kabemep 1 - mexbk aBmoumyHen guabem
(SAID) o6xBawa 6% om Bb3pacmHume uHguBugu
B8 ANDIS, koumo obukHoBeHO ce kAaacudguuupam
Kamo nauueHmu cbc 3axapeH guabem mun T uau
LADA. To3u kAbCcmep ce xapakmepu3upa C paHHO
HayaAro Ha 3ab6oAaBanemo, uHcyautoB gedpuuum,

npegu
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Tabauya 1. Hoba kracudpukayua Ha 3axapHua guabem (no 13).

3axapeH guabem mun 1

3axapeH guabem mun 2

XubpugHu ¢popmu Ha 3axapeH guabem

baBHo pa3zBuBaw, ce umyHomeguupaH guabem npu Bb3pacmHu
CKAOHEH KbM Kemo3a 3axapeH guabem mun 2

Apyau cneyuguuHu munoBe
MoHozeHeH guabem

EHgoKpuHHU HapyweHuA

Mupexkuuu

- MoHoz2eHHU gedpekmu Ha B-kAembyHama pyHKUUA
- MoHozeHHU gepekmu B gedicmBuemo Ha uHCYyAUHa
3aboaaBaHun Ha eK30KPUHHUA NaHKpeac

MHgyuupaH om aekapcmBa uau Xumudecku azeHmu

Pegku cneyuduuHu popmu Ha umyHomeguupaH guabem
Apyau 2eHemuyHU CUHgPOMU, NoHAaKoza cBbp3aHu ¢ guabem

HekAacuduyupaH 3axapeH guabem

Tazu kamezopua mpa66a ga ce uznoa3zBa BpemeHHO, gokamo ce U3ACHU emuo-namozeHe-
3ama Ha 3aboaaBaHemo upe3 ueareHacoueHu u3zcaegBaHun

3axapeH guabem npu 6pemeHHOCM
[fecmauuoHeH 3axapeH guabem

Xunepz2Aaukemua, omkpuma 3a nbp6u nom no Bpeme Ha GpemeHHOCM

omHocumeAHo Hucbk WTM, aAow memaboau-
men KoHmpoa (Bucok HbA,) u Haauyue Ha aH-
mu-GAD65 aHmumena.

KAbcmep 2 - mexxbK UHCYAUH-gepuyumeH gua-
6em (SIDD) BkatouBa 18% om uzcaegBaHume, kamo
mo3u mun npumexata cbwume KAUHUYHU Xapakme-
pucmuku kamo Kabcmep 1 ¢ egHa cu2HUUKaHmMHa
pa3Aauka - Auncama Ha aHmu-GAD65 aHmumeaa.

Kabcmep 3 (SIRD) - mexxbk UHCYAUH-pe3ucmer-
meH guabem, npezesmupa 15 % om nauueHmume,
umawyu Bucok MITM u Bucoka uHcyauHoBa pe3uc-
meHmHocm (Bucok HOMAZ2-IR), Ho no-Hucbk HbA, .

Krvecmep 4 (MOD) - aek, cBbp3aH cbce
3amabcmaBaHe guabem, ob6xBawa 22% om uHgu-
Bugume, umawu Bucok VITM, HO He u uHcyAauHoBa
pe3zucmeHmHocm.

Kabcmep 5 (MARD) - Aek, cBbp3aH ¢ Bb3pacmma
guabem e Had-2oaamama 2pyna om 39%, obeguHaBa-
wa no-Bb3pacmHume nayueHmMu CbC 3axapeH gua-
6em, 6e3 uHcyauHoBa peucmeHmuocm (14-16).

Ho, mpa6Ba ga ce noguepmae, ue 6 maka
npegAazaHama Kaacugpukauyua ce Habaogaba uz-
BecmHo npunokpuBaHe Ha emuonamozeHe3zama
Ha 3aboaaBaHemo meXkgy omgeAaHume KAbcmepu.

KabcmepHa kaacupukauua Ha 3axap-
Hug guabem u ycaokHeHuq

MpegcmaBenume cybepynu, pazeaexkgaHu 3a-
gbAbBoUeHO Om pazAudHU HaydHu kKoAekmuBu no
cBema, gokazBam no-zoAamama vecmoma Ha egHu
YCAOXKHEHUA Ha 3axapHua guabem B cpaBHeHue c
gpyau npu onucaHume KAbcmepu.

Mpu Kavcmep 1 (SAID) u Kavcmep 2 (SIDD) 8
cpaBHeHue ¢ gpyeume onucaHu 2pynu ce Habaloga-
Bam 3HavumeaHo no-Bucoku cmolHOCMU Ha 2AUKU-
paH xemozrobun (HbA, ), koimo e cuaeH npeguk-
mop Ha Kemoauugo3a owe npu nocmaBaHemo Ha
guazHo3zama. Cvwo maka, uHguBugume om me3u
KAbCmepu ca ¢ HabaogaBaH no-Bucok ppakmypeH
puck (17), HO € no-MaAko kapguoBackyAaapHU YCAOX-
HeHuA, Nopagu HUCKama Yyecmoma Ha gucAaunugemus
u obe3zumem.

B Karvcmep 2 Hal-uecmo HabaogaBaHomo yc-
AOXKHEHUE e guabemHama pemuHonamuf, Kamo
23% om xopama noka3zBam npu3Hauu Ha Aeka pemu-
HONnamus, CKpUHUPaHU gopu ckopo caeg nocmabaHe-
mo Ha guazHo3ama (15). B lepmanckomo guabemHo
npoyuBaHe (GDS), xopama om Kabcmep 2 nokas-
Bam cbwo maka u no-Bucoka yecmoma Ha guabem-
Hama ceH3omomopHa noauHeBponamusa u cbpgeuHa
aBmoHomHa HeBponamusa. Mo Bpeme Ha 5 2oguw-
Homo npocaegaBaHe Ha me3u nayueHmu, Bbnpeku
Bb3cmaHoBaBaHemo Ha 2At0OKO3HaMa xomeocmasa, He
ce HabaogaBa Bb3zcmanoBaBare Ha cpyHkyusmMa Ha
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cbomBemuume HepBu (18). Koezamo ce 208opu 3a yc-
AOXHeHuama, cBbp3aHu ¢ nbpBume gBa kKAbecmepa,
koumo BcbwHocm npegcmabBam egHO UHCYAUH-ge-
puyumHo cbcmoaHue, HezaBucumo om moBa gaau
navuueHmume nonagam 6 Kabcmep 1 uau Kavecmep 2,
pUCKbM 0M MUKpOCbgoBu YyCcAoXKHEHUA NPU hauueH-
mume MACHO KOpeAupa C HaAUYUEMO Ha pe3ugyaseH
C-nenmug, kakmo nokazfBa egHO 20AAMO (PUHAAHJCKO
nonyaauuoHHo npoyuBare (19). CaegoBameaHo, 3a
no-npeuuzHomo usyuaBaHe Ha ycaokHeHuama npu
KAbCmepupaHe Ha moakoBa xemepoeeHHama gua-
6emHa nonyaauua Bepoamto we e HYxHO BkatouBa-
He Ha noBeue nokazameAu U aHaAU3UpPAHE HAa MexHU-
me acouuauuu.

B Kavcmep 3 (SIRD) uzcaegBanume uHguBugu ca
C U3MepeHU Hau-HUCKU CMOUHOCMU Ha 2AOMepYAHa
dpuampauua (GFR) npu nocmaBate Ha guaeHo3ama ¢
npeBaaupawo ycAoXHeHUe- XpOHUYHO 6bbpeuHo 3a-
6oaaBate, MakpoaAbyMUHYpuUsa, C meHgeHuua 3a npo-
2pec go KpaeH cmagul Ha 6bbpeuHo yBpexxkgaHe (15).
MucyaunoBama pesucmermuocm goBexkga go ycko-
pEHO NpozpecupaHe Ha XPOHUYHO ObOpeyvHO 3aboAn-
BaHe (Xb3) no caegHume mexaHu3zmu - BogHo-coneBa
3agpbXKKa, 2AOMEpyAapHa XunepmoHus, Xunepgua-
mpauua u xunepypukemuda. B Kavcmep 3 Heaako-
XOAHamMa macmHa 4epHogpobHa 6oaecm (HAMYB/
NAFLD) cbwo u3au3a Ha npegeH naaH kamo odakBa-
HO ycAOoXKHeHue- npu u3zcaegBaHume Auua ce peauc-
mpupam 3aBuweHu cmotHocmu Ha AAAT u Bucok
VTM. OnpegeaeHu Haydu epynu uzkazBam Bpb3ka
MEXQgy HaAuvHUMe uHcyauHoBama pezucmeHmHocm
U XUNepuHCYAuHemua u puckbm om u3aBa u pa3Bu-
mue Ha 3AokavecmBeHu 3aboaaBaHua u gemeHuus/
6orecm Ha Aauxaimep, koemo npaBu xopama om
Kabecmep 3 yazBumu (20, 21).

[pu Kavecmep 4 (MOD) HAMYB, apmepuarHama
XUNEePMOHUA U guCAUNUgeMUA He ca maka 3acmbne-
HU Kakmo npu Kabcmep 3, koemo Hu gaBa ocHoBaHue
ga cmamame, ye noBevemo om xopama 6 2pyna 4 mo-
eam ga 6bgam omHeceHU KbM M.Hap. OMHOCUMEAHO
memaboaumHo ,no-3gpaBu” obesHu (14).

MHuguBugume om Kavcmep 5 (MARD) cmpagam
npeBaAupawo om ycaoxkHeHus, 068bp3aHu ¢ Ha-
npegHarama Bb3pacm kamo ocmeonopo3a u noBu-
WweH puck om gpakmypu, koeHumuBHu yBpeskgarus,
cbpgeuHo-cbgoBu 3ab60aaBaHus- CopgeuHa Hegocma-
MbYHOCM, aMePOCKAepO3a U NPEJCLPGHO MbXKgeHe
(22). OcHoBHumMe namozeHemuuHU MexaHu3mu 6
maszu 2pyna ca HamaAeHUAM UHCYAUH CEeKpemopeH-
Kanauumem u uHcyauHoBa uyBecmBumearocm, npu-
YyuHeHu om npomaHa B meaecHua cbcmaB- HamannBa-
He Ha MyckyAaHama maca ¢ yBeauveHue Ha macmHama
mbkaH (23).

Anjana u comp. (24) 3a nbpBu nvm B MHgua npu-
Aa2am KAbCmepupaHemo Ha 3axapHua guabem npu
19 084 uHguBuga cbc 3axapeH guabem mun 2, uz-
noa3Baiku caegHume 8 nokazameas - Bv3pacm,

WNTM, obukoaka Ha maausma, HBA, , mpuaauuepugu,
HDL xoaecmepoa, C-nenmug - Ha 2AagHO U cAeg cmu-
myaauus. Tezu uzcregoBameau gobaBam 2 yHukaaHu
camo 3a uHgulckama nonyaauua KAbcmepa - UHCY-
AUH pe3ucmeHmeH 3axapeH guabem npu obe3Hu nayu-
eHmu (IROD) npu 25,9% u KoMBUHUpPaH UHCYAUH pe3-
UCmeHMeH U UHCYAUH gecpuuumeH guabem (CIRDD)
npu 12,1%. Xopama om kabcmepa Ha CIRDD ce
npe3eHmupam ¢ MpYygHO KOHMPOAUPYEMA XUNEP2AU-
kemua u noBuweH puck 3a 6bOPEUHU U OUYHU YCAOXK-
HeHua (24). MiHgulckama nonyaauua 6uBa no-nogam-
AuBa kbm pazBumuemo Ha 3axapeH guabem mun 2
B cpaBHeHue ¢ KaBkazkama nonyaauua. Cbwo maka,
omzoBopbm Kbm pazAuUHU 2pynu XUno2AuKemu3upa-
wu megukameHmu 6uBa pazauver - S. Gan u cemp.
npegcmaBam memaaHaau3, npe3eHmupaw, no-gobpa
epukacHocm Ha uHxubumopume Ha HampueBo-aato-
Ko3HuUa kKo-mpaHcnopmep 2 (SGLT2-i) u gunenmugua
nenmuga3a - 4 (DPP-4 JuHxubumopume npu uHguu-
ckama nonyaauua cnpamo KaBkazkama (25).

L. Xing u comp. (26) npoBesxgam 6 2pag LLIbH-
gkbH npoyuBare npu 1060 kumalcku nauyueHmu
kamo u3zmepBam 5 nokazameaa - Bvb3pacm, VITM,
HBA, , HOMA2-B, HOMA2-IR u pa3geaam u3caegBa-
Hume Auua 6 4 kAbecmepa (uzkatouBalku KAbcmepa Ha
me>xxbk aBmoumyHeH guabem). AaHHume moeam ga
6bgam cpaBHeHu ¢ noaydeHume om Ahlgvist u comp.
[MauueHmMume ¢ MexXXbK UHCYAUH pe3ucmeHmeH 3axa-
peH guabem cmpagam 8 no-zoaama cmeneH om Xb3
(57%) u nepucpepHa HeBponamusa (67%), gokamo na-
uueHmume ¢ MmeXKbk UHCYAUH-gepUUUMEH 3axapeH
guabem umam Hald-Bucok puck om pa3zBumue Ha gua-
6emHa pemunonamus (32%), aanbymurypusa (31%) u
nepudgepHa apmepuasHa 6orecm (13%) (26).

TepaneBmuyeH nogxog cnopeg kabcmep-
Homo pasgeneHue

[MocaegHUMe KOHCEHCYCHU npenopbku Ha ADA
u EASD om 2022 2. 3a AeyeHuUe Ha Xuhepa2AuKemu-
ama npu 3axapeH guabem mun 2 ce ocHoBaBam
Ha xoAucmuyHua nogxog, 8 ueHmbpa Ha KOUMO
cmou uvoBekbm cbc 3axapeH guabem mun 2. W3-
6opbm Ha megukameHm ce 0a3zupa Ha HaAuvyuemo
Ha amepoCKAepOMUYHO CbpgeuHo-cbgoBo 3aboas-
Bane (ACCC3), Xuno2AUKEMUYEH PUCK, CMpaHUYHU
epekmu, ueHa u npegnovyumaHua Ha navueHma. Ha
npegeH naaH uznbvkBam npenopbkume 3a uznoa3Ba-
HeHa peuenmopHUMeEe a2o0HUCMU Ha 2AKKa20HO-NO-
gobrua nenmug-1 (GLP-1 RA) u uHxubumopume Ha
HampueBo-aAtoko3HUA Ko-mpaHcnopmep 2 (SGLT24) ¢
goKa3aHuU NOA3U NpU NAUUEHMU CbC CbpgeyHa Hego-
cmambuHocm (CH), Xb3 u ycmanoBerHo ACCC3 uau
muoxkecmBo puckoBu dpakmopu, ¢ uea HamaraBaHe Ha
20AeMume cbpgedHo-cbgoBu cbbumuna (MACE), a cbwo
maka npu me3u megukameHmu ce gaBa Bb3moxkHOCM
3a ynompebama um, HezaBucumo om u3xogHua HBA, u
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6a3ucHOmMo AevyeHue ¢ memdopmuHoB npenapam (27).

Mpu onpegeaaHemo Ha aHmuguabemua mepanua
e ymecmHo ga ce B83emam npegBug uHcyauHoBama
cekpeuusa U Haauduemo Ha uHcyauHoBa pe3ucmeHm-
Hocm, Koemo HoBama KAbCcmepHa Kaacukayua nog-
nomaza uype3 Beve uzuucreHume HOMA2-B u HO-
MAZ2-IR npu 2pynupaHemo Ha nauueHmume. Bonpeku
04YepmMaHoOMoO NO-NPEUU3HO KABCMEPHO KAaCUuUUU-
paHe Ha 2pynume nayueHmu CbC 3axapeH guabem
mun 2, MpaHCAUPAHEMO Ha akmyaAHUMe NpPenopbKu
Ha ADA/EASD (27) npu omgeAaHUme KAbCMepu He
moxe ga bbge gupekmHo, a go uzBecmHa cmeneH e
ycaoBHo u gaBa camo Hacoku.

Mpu uHguBugume om Kawvcmep 1 (SAID) ¢ u3z-
yepnaH UHCYAUH cekpemopeH Kanauumem 6u caeg-
Baro ga 6bge NPUAOXKEHO UHCYAUHOAEYEHUE C UEA
npeBeHuua pazBumuemo Ha ocmpa memaboaumHa
gekomneHcauua - guabemHa kemoauugo3a. Aokaza-
HO e, 4ye paHHOMO BkatouBaHe Ha ek302eHeH UHCYAUH
npu xopa ¢ 6aBHo pazBuBaw, ce umyHHO-meguupaH
3axapeH guabem npu Bb3pacmuu (6uBw LADA) 6u
NPOMEHUAO U OMAOXUAO npozpecuBHama 3a2yba Ha
UHCYAUH cekpemopHua Kanauumem (28).

Kavcmep 2 (SIDD) npegaaza no-wupok cnekmbvp
Ha u360p OMHOCHO NpuAazaHumMe Xuno2AUKeMU3upa-
wu megukameHmu - CYTI1, 2auHugu, DPP-4 unxubumo-
pu buxa 6uau nogxogaw, uzbop (22). Miumensudpuuu-
paHemo Ha mepanuama ¢ 6a3areH uAu npaHguaAeH
uHcyAauH u GLP1 RA cbwo uma 6aazonpuameH ecoekm,
Ko2amo uHcyauHoBume cekpemazo3u (CYI1, 2auHu-
gu) ca uzuepnaau cBoemo getdcmBue.

MNMayueHmume om Kavcmep 3 (SIRD) 6uxa umaau
20AAMa NoA3a om cnazBaHe Ha npaBuaeH u cmpuk-
meH xpaHumeaAeH u gBuzameneH pexxum 6 KombuHa-
uua ¢ ynompebama Ha memdopmuHoBu npenapamu
nopagu HaAudHama u3pazeHa uHcyauHoBa pe3uc-
meHmHocm. TuazoAuguHguoHume 6Guxa nokazaAu
6aazonpuamer ecpekm Bbpxy HAMYB, npeBaaupawo
cpewaHa npu me3u 60AHU, HO nokauBaHemo Ha me2ao
Kamo mexeH cmpaHuudeH edekm mpabtBa ga 6bge
B83emo nog BHumanue. MNpurazaHemo Ha GLPT RA u
SGLT2-i nognomaea pegyuupaHemo Ha HagHOPMEHO
meaA0 ¢ nogobpaBaHe Ha memaboAUMHUA KOHMPOA
u cbwecmByBawama uHcyauHoBa peucmeHmHocm
Kamo no mo3u HayuH cmaBam BaxkHa yacm om mepa-
nuama. Om gpyza cmpaHa, NpuAa2aHemMo Ha UHCYAUH,

CVYI u 2auHugu 6u goBeao go gonbAHUMEAHO Xune-
pPUHCYAUHU3UpPaHe Ha nauueHmMume, caegoBameaHo
ynompebama um mpabBa ga 6bge oepaHuyeHa npu
ma3u mapeaemHa 2pyna (27).

Kamo mepanua Ha nbpBu uzbop npu Kavcmep 4
(MOD) ymecmua 6u 6ura npomaHama 6 xpaHumen-
Ho-gBuz2amearua pexkum. (DapmakorozuvHama me-
panua e Hal-gobpe ga 6bge npegcmaBena om mem-
dopmuH, GLPT RA u SGLT2-i. INpegBug HaauuHOMO
3amabcmaBaHe npu me3u uHguBugu u3znoazBaHemo
Ha megukameHmu, koumo Bogam go nokauBare Ha
meaA0, mpabBa ga 6bge Aumumuparo (27).

Kavcmep 5 (MARD) npegcmaBaaBa mepane6-
muuHo npegu3BukameacmBo nopagu mHO20MO (hak-
mopu, koumo okazBam BauaHue npu 3acmapabBawo-
mo HaceaeHue. Bb3pacmHume xopa cmpagam om
ocmeonopo3a u noBuweH puck om ¢pakmypu, Koz-
HumuBHuU yBperkgaHus, cbpgeuHo-cbgoBu 3aboanBa-
HUA - CbpgeYHa HegoCMaMbYHOCM, aMePOCKAepO3a
U npegcbpgHo mbxkgeHe. NMopagu Bucokua puck om
XUNO2AUKEMUYHU enu3ogu, ynompebama Ha UHCYAUH
U UHCYAuHOBU cekpemazoz2u mpabBa ga 6bge cBe-
geHa go muHumym. MemdopmunoBume npenapamu
nocmuzam gobbp 2AuKemuueH KoHmMpoa 6e3 puck
om xunoz2aukemua uau noBuwaBaxe Ha meaao, HO om
gpyza cmpaHa nauueHmume 6 HanpegHara Bb3pacm
C HapyweHa 6b0peyvHa uau YyepHogpobHa pyHKuUA U
CbpgeyHa HegocmamwbyHOCM UMam NOMEHUUAAHO
no-Bucok puck om pazBumue Ha AakmamHa auugo-
3a (13). DPP-4 unxubumopume npumexaBam maako
CMpaHUYHU eqpekmu U MUHUMAAEH PUCK OM XUNO2AU-
Kemus, koemo 2u npaBu eguH om megukameHmume Ha
nbpBu uzbop B8 mepanuama. Zhou u cbmp. npegcma-
Bam memaaHaAu3 3a poaama Ha aHmuguabemHume
megukameHmu Bbpxy pucka om gemeHuua kamo DPP-
4 uHxubumopume npumexkaBam HaU-HUCBK puck, a
UHCYAUHBM ce npe3eHmupa ¢ Hau-Bucok makb8 (29).

V3noA38aHemo Ha KaAbCmepupaHemo Npu KAAcu-
puuupaHemo Ha 3axapHua guabem OU NOMO2HAAO Ha
MeguUUHCKUME cheuuaAucmu ga pazgeaam nayueHmu-
me AecHo 6 pa3AuuHU 2pynu C onpegereHu MeguuUuHCKU
Xapakmepucmuku, ga NAaHUpam AeveHUemo Ha Cbom-
Bemtua nauueHmM cNPAmMo NamMoU3UOAO2UYHUME OCO-
f6eHocmu Ha HaauuHua mun guabem, ga npegBuxkgam
ouakBaH xog Ha pazBumue Ha 3a6oraBaHemo u ga npe-
Benmupam unBaauguzupawume YycAo>kKHeHuUA.
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Pe3siome

Konmexkcm Ha npobaema: Auabemuomo cmbnanro ce aBaBa ycaokHeHue Ha ycAaOXKHeHUAma - XPOHUY-
HUME XUunep2AUKeMUYHU u3meHeHua B cbgoBeme u HepBume. B namozeHe3ama my yuacmBam muoxkecmBo
MexaHu3mu, kamo He Bcuuku om max ca u3yaao uzacHeHu. M36ecmHo e, ue uHgekcbm Ha meaecHa maca (MTM)
KopeAupa ¢ memaboaumHume 3aboaaBaHua u maxHama mexxkecm. Poaama Ha macmHama mbkaH u npou3Bex-
gaHume om Hea UUMOKUHU Npu guabemHo cmbnao e caabo npoyyeHa.

Memogu: Npu cpe3oBo npoyuBane ca uzcaregBaru 120 xochumaauzupaHu nayueHmu Cbe 3axapeH guabem
mun 2, Ha cpegHa Bb3pacm 57,68+10,47 2., 6 uHmepBara mexxgy 32 u 79 2. Te ca pazgeaeHu 6 2 2pynu - xopa ¢
guabemHO cMbNaAo - C HaAUYHA NAaHMapHa guabemHa paHa Ha xoguaromo (n=42) u makuBa 6e3 moBa ycaox-
HeHue (n=78). Ha Bcuuku yyacmHuuu ca HanpaBeHu cmaHgapmHu aHMpPONOMEMpPUYHU, (PU3UKAAHU U Aabopa-
mopHuU u3zcaegBaHua. TeaecHuam um cbemab e onpegeaeH upe3 buoumnegaHceH memog.

Pezyamamu: NauueHmume ¢ guabemHO cmMbNaAo ca 3Ha4yumo no-Bb3pacmHu, ¢ no-2orama gaBHocm Ha
guabema, ¢ no-Hucku MITM, meaecHO me2A0 U 0BUKOAKA Ha XaHwa, Kakmo U C NO-MAAKO Ma3HUHU 8 maromo.
bpoam komnoHeHMuU Ha MmemaboAUMHUA CUHgPOM Ca 3HAYUMO NO-MAAKO Cpeg Auuama ¢ guabemHu paHu cnps-
Mo xopama 6e3 moBa ycaroxHeHue. Bcuuku xxeHu 8 epynama ¢ guabemHo cmbnaao ca 8 meHonaysa.

3akaodeHue: B Hawemo npoyuBaHe no-2oaamomo koaudecmBo macmHa mbkaH KopeAupa ¢ NO-HUCKa vYec-
moma Ha guabemtromo cmbnano. [NpoaBama Ha moBa ycaoxxHeHue ce BnucBa B onpegeaeHuemo 3a ,napagokc
Ha obe3umema”.

KatoyoBu gymu: guabemno cmbnano, MacmHa mbkaH, memaboAumeH CUHgPOM, Napagokc Ha obe3umema.

BbBegeHue

OmkpuBaHemo Ha UHCYAUHa U Hanpegbkbm B
A€YEHUEmMO Ha 3axapHua guabem npe3 nocaegHume
100 2oguHu goBege go 3HAYUMO NO-20AAMa NPEXU-
Baemocm Ha xopama ¢ moBa 3aboanBate (1). B pe-
3yAmam HapacHa u yecmomama Ha c8bp3aHume xpo-
HUYHU YCAOXHEHUs, Cpeg Koumo e u guabemHomo
cmbnano (2). To ce gepuHupa Kamo HaAuvue Ha

uHgpekyua, a36a uAu gecmpykuyua Ha MbKaHume Ha
CMbNAAOMO, acouuupaHu ¢ HeBponamua u/uAu nepu-
pepHa apmepuasHa 6oaecm Ha goAHUMe KpalHuuu
npu voBek cbe 3axapeH guabem (3). HacmbnBanemo
my e obpemeraBawo cbbumue He camo 3a 3acezHamus
yoBek, HO Cbwo U 3a HezoBume bAU3KU, 0OwecmBomo
u 3gpaBHama cucmema kamo uaAo. AuabemHume paHu
ca npuyuHa 3a 3Hauyumo BrowaBare B kauecmBomo Ha
>kuBoma u npexkgeBpemeHHa cmbpm (4-6).
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(DunaHcoBume pazxogu ca 5 nbmu no-Bucoku 3a na-
uueHmu ¢ guabemHo cmbnaao npu nbpBa noaBa Ha
guabemHa paHa u 2.6 nbmu noBeve - npu nocaeg-
Baw, peuuguB, 8 cpaBHeHue ¢ guabemuk 6e3 moBa
ycAoxkHeHue (7, 8). AuabemHOmMoO cMbNaAo e C MHO-
2ogpakmopHa obycroBerocm, 6 yuamo namozeHe3a
yuyacmBam memaboAaumHu, cbgoBu, HeBpoAo2uUHU,
XeMOgUHAMUYHU, MEXaHUYHU, UH(PEKUUO3HU, HaCAeq-
cmBeHu cpakmopu (9). Bpb3zkama Ha moBa ycaox-
HeHue C macmHama mbkaH e obekm Ha akmuBHO
npoyuBaHe.

3amabcmaBaHemo e goka3aH puckoB chakmop
3a Bb3zHukBaHemo Ha 3axapeH guabem mun 2 (10).
AaHHUMe 3a omHoweHuemo Ha cBpbxmeaAomo Kbm
guabemHomo cmbnaAo u amnymauuume He ca egHo-
nocouHu (11). MNpe3 1999 2. amepukaHcku KoaekmuB
BbBexkga ugeama 3a ,napagokc Ha obe3umema”, npu
Kolimo no-Bucokuam UHgeKC Ha MmeAecHa maca ce
cBbp3a ¢ no-gobpa npexkuBaemocm, kamo 3a nbpBu
NbM e onucaHa Npu Auua Ha xemoguaausa (12, 13).
BnocregcmBue mazu 3aBucumocm ce ycmaHoBaBa
u 3a gpyeu 3aboanaBaHua Kamo cbpgevuHa Hegocma-
mbuHocm (14, 15), muokapgeH uHgapkm (16), ocmvp
KopoHapeH cuHgpom (17), XOBb (18), berogpobeH
emboauzbm (19).

MNpoyuBaHuama npe3 nocaegHuMe HAKOAKO ge-
cemuAemus pazkpuBam poaama Ha macmHama mb-
KaH He camo Kamo uHepmeH eHepeaueH pe3epBoap,
HO U Kamo 20AAM eHgOKpuHeH op2aH. INpou3Bexga-
HUMEe Oom Hea UUMOKUHU u 6GuoakmuBHu meguamo-
pu, HapeyeHu agunokuHu, ydacmBam 6 peayrauus-
ma Ha anemuma, memaboAUu3Ma Ha HYmMpueHmume,
uHcyauHoBama uvyBcmBumeaHocm, Bvb3naseHuemo,
KOaz2yAauuama, kKaHuepozeHe3ama, amepocKAepo3a-
ma, UMyHHama pea2yaauus, cbpgevHo-cbgoBume 3a-
6oaaBaHun, guabemHume ycaoxxHeHua (20-22). Mpu
nayueHmu cbC 3amabcmaBaHe agunouumume ca
no-20Aemu, koemo 2u npaBu pe3ucmeHmuu Ha cBou-
cmBomo Ha UHCYAUHA ga Nomucka AUNOAU3ama, 0Co-
6eHo 6606 BucuepaaHama uau gbAbokama NOGKOXKHA
macmHa mbkaH. ToBa Bogu go 3acuaeHo ocBoboxxga-
BaHe u noBuwabaHe narazmeHume HuBa Ha cBo60g-
Hume macmuu kuceauHu (CMK) u 2auuepoaa, Koumo
3agbabouyaBam uHcyauHoBama pezucmeHmuocm 6
Myckyaume u vepHua gpob (23). OcBoborkgaBaHemo
Ha CMK om agunouumume 6 pe3yamam Ha 3acuAeHa-
ma AUNOAU3a MOXKE ga gonpuHece 3a uHcyauHoBama
pe3ucmeHmMHOCM U Ype3 NOMUCKAHE HA 2AIOKO3HUA
mpaHcnopm u pocpopuaupare B8 kaemkama, nocaeg-
BaHo om HamaAeHO pa3zeparkgaHe Ha 2AOKO3ama u
cuHmesa Ha 2AukoeeH, noBuweHa cexkpeuua Ha anoAU-
nonpomeuH B, u noBuwena akmuBHocm Ha 4yepHOg-
pobHama Aunasa (24). ToBa e cBbp3aHo ¢ npomaHa 6
cekpeuuama Ha agunoKuHU, eHgoMeAHa gucgyHKuuA
U akceAepauun Ha amepockaepo3ama. Hakou aBmopu
geduHupam masu Bpb3zka kamo ,aguno-BackyrapHa

memaboAumHa oc”, koamo ce acouuupa ¢ noBuweH
CbpgeuHo-cbgoB puck Nnpu xopama cbc 3amabecmaba-
He u 3axapeH guabem mun 2 (25). M3caegBarHuamasa
poAama Ha agunokuHume npu guabemHo cmbnaAo
ca oepaHuyeHu. Hanpumep, uma gaHHu 3a Bucoku
naazmeHu HuBa Ha uHmMepaeBKuH-6, pe3ucmuH, OMeH-
muH-1 U HUCKU CMOUHOCMU Ha agunoOHEeKMUH Nnpu
Xxopa ¢ guabemHu paHu, Kamo me3u agunoKUuHU MO-
2am ga 6bgam cBbp3Baw, pakmop B8 namozeHe3ama
Ha guabemHume yauepauuu, cbgoBume u Bvb3znasu-
meAHuUme cbbumusa (26-29). [pynama Ha agunoKuHU-
me e ob6ekm Ha 3aCuAeH Hay4deH uHmepec, Kamo ce
omkpuBam HoBu npegcmaBumeau u maxHama poaa
6 pazAudHU PU3UOAOUYHU U NAMOAO2UYHU NPOUECU.

Mamepuaau u memogu

3a Hawemo cpe3oBo npoyuBaHe 6axa uzbpaHu
120 nauueHmu Ha Bb3pacm om 32 go 79 2. CbC 3a-
xapeH guabem mun 2, xochumaaAu3upaHu 8 KAuHuUKa
no EHgokpuHoAoz2ua u borecmu Ha obmaHama Ha YM-
BAA , ArekcaHgpoBcka”. BkaouBawume kpumepuu
Oaxa: 3axapeH guabem mun 2, Bb3pacm Hag 18 2. u
NnognucaHo UH(POpMUPaHO Cb2Aacue 3a yyacmue. Om
uzcaegBavemo 6axa U3KAKUEHU XOpa, KOUMO umam
yBpexkxgaHe Ha cmbnarama, koemo He e cBbp3aHo
CbC 3axapHua guabem u HezoBume yYCAOXKHEHUS,
makuBa cbc 3axapeH guabem mun 1, Kakmo u npu
HaAaudue Ha obcmosmeacmBa u 3aboanBaHun, kKoumo
buxa HapywuAu gocmoBepHocmma Ha noAydyeHume
pe3yamamu.

MpoyuBaHemo e ogobpeHo om emuyHama Ko-
mucua Kbm MeguuuHcku yHuBepcumem Codpua ¢
npomokoAa Ne 10/25. 03. 2019 2. baxa u3znoa3BaHu
cAegHUmMe u3caegoBameacku memogu: aHamHesa, pu-
3UKaAEH Cmamyc, aHMpoONOMeMpPUYEH NaHeA — pbCm,
me2A0, uHgekc Ha meaecHa maca (UTM ke/m?), obu-
KOAKA Ha MaAuf U XaHW, OMHOWeHUe maaus/XaHuw,
maaus/pbcm. TeaecHuam cbcmaB Gewe onpegeaeH
c buoumnegaHceH memog upe3 Tanita MC-780MA-N
(Tanita Corporation, Tokyo, Japan) cympuH Ha 2AagHo,
gaBaw, uHpopmauua 3a cAegHUME napamempu: Npo-
ueHm mazHuHu (Fat %), koaudecmBo mazHuHU B KuAo-
2pamu (Fat mass), cBobogHa om mazHuUHU maca 8 Kuao-
2pamu (Fat free mass - FFM), uHgekc Ha BucuepasHama
macmHa mbkaH (Visceral fat rating), memaboaumHa
Bb3pacm (Metabolic age), ocHoBHa obmaHa (Basal
metabolic rate). AonbAHUMEAHO 0axa aHaAu3upaHu
CmaHgapmHu OUOXUMUYHU NOKa3ameAu CYmpuH Ha
2AagHo: 2AuKupaH xemo2r00uH (HbA, ), ACAT, AAAT,
[TT, nuKo4Ha KuceAuHa, AunugeH npoua (06w, xorec-
mepoa, HDL, LDL, VLDL, mpuaauuepugu). M3caegBa-
Huama 6axa npoBegeru 6 LleHmpaaHa KAUHUYHA Aa-
H6opamopun Ha YMBAA , ArekcangpoBcka”.

AanHume ca BvBegeHu u obpabomeHu cbe
cmamucmuyeckua nakem IBM SPSS Statistics v19 3a
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lameB, LiBemaH BA. u compygHuyu

Windows. 3a HuBo Ha 3Ha4yuMocm, Npu KOemo ce om-
xBbpaa HyaeBama xunomesa, 6e npuemo p<0,05. Pe-
3yamamume ca npegcmaBeHu kamo cpegHa £ cmak-
gapmHo omkAoHeHue (SD).

Pesyamamu

B uzcaegBaremo 6axa BratoueHu 120 nauueHmu
CbC 3axapeH guabem mun 2 - 68 moixke (56,7%) u 52
»eHu (43,3%), cbe cpegHa Bb3pacm 57,68+£10,47 .
Te 6axa pazgeaeHu 6 2 epynu:

® [pyna | - nauueHmMu CcbC 3axapeH guabem mun

2 6e3 guabemHo cmbnano (n=78)

® [pyna Il - nayueHmu cbc 3axapeH guabem mun

2 u guabemHo CMbNAAO - C HaAUYHA NAAHMapHa

guabemHa paHa Ha XoguAaomo (n=42).

OcHoBHume xapakmepucmuku Ha u3caegBaHu-
me Auua ca noka3aHu 8 Tabauua 1.

Xopama ¢ guabemHo cmbnano 6axa no-8v3pacm-
HU, C no-2oaama gaBHocm Ha guabema, ¢ no-Hucku
MNTM, meaecHo meaao u 00UKOAKA Ha XxaHWa, Kakmo u
C No-MaAko koAuvecmBo mazHuHu 6 maromo. Aonba-
HumeAHo ce ycmaroBu, ye Bcuuku >xeHu B 2pynama
c guabemHo cmbnaro b6axa 8 meHonays3a, koemo e
3Hayumo noBeye cnpamo auuama 6e3 moBa ycaox-
HeHue. [MayueHmume 6 gBeme 2pynu 6Gaxa cxogHu
no-omHoweHue Ha noAoBo paznpegeseHue, pbcm,
maaAuf, OMHOWEHUA maAua/xaHw U maAus/pbem,
cBob60ogHa om ma3zHUHU maca, uHgekc Ha BucuepaaHa
MacmHa mbkaH, memaboaumHa Bb3pacm u ocHoBHa
obmaHa (Taba. 1).

B Tabauua 2 ca npegcmaBeHu gaHHU 3a KOMNO-
HeHmMumMe Ha memaboAumHua cuHgpom u 6azucHume
HUOXUMUYHU NOKazameAu Ha uzcaegBaHume Auua 6e3
u ¢ guabemHo cmbhaao.

Om noayueHume peszyamamu npaBu Bneuyam-
A€HUE 3HaYuMO no-zoaemusm Opoll KomMnoHeHMUu Ha
MemaboAUMHUA CUHgPOM U MeHgeHuuama 3a no-Bu-
cokama My yecmoma npu xopama 6e3 guabemto cmb-
naaro. HuBama Ha ACAT, AAAT u ITT 6axa no-HUCKuU npu
Xopama cbC 3axapeH guabem u paxu. [Nonyaauuama 6
gBeme 2pynu bewe cxogHa N0 OMHOWeEHUE cpegHuUme
HuBa Ha ppakuuumMe om AUNUGHUA NPOUA, NUKOYHA
KUCEAUHA, 2AUKUPaH XemM0o2A00UH, apmepuaAHo HaAn2a-
He u cbpgeuHa yecmoma 6 nokou (Taba. 2).

Ha 6a3a Ha 2openocoyeHUmMe aHMponomempuy-
HU, KAUHUYHU U AaDopamopHU hapamempu, npu Kou-
mo ce ycmaHoBu cmamucmuyecku 3Havuma pazauka
mexkgy gBeme 2pynu, ce npoBege ROC-aHaaus3 3a yc-
maHoBaBaHe Ha npazoBu cmolHocmu 3a pa3epaHu-
yaBaHe Ha uHguBugume c guabemHo cmbnao cpeg
uzcaegBanama nonyaauua (Que. 1- 3, Taba. 3).

Om npegcmaBenama mabauua ce gemoHcmpu-
pa, ue 3a Bcuyuku hapamempu pe3yamamume ca cue-
HUPUKAHMHU, Kamo ¢ Hal-20AaMma nAow, Nog KpuBa

ma, pecnekmuBHo ¢ HalU-Bucoka guckpumuHamuBHa
cnocobHocm 3a pazepaHuuaBane Ha uHguBugume c
guabemto cmbnano, e gaBHocmma Ha 3axapHus gua-
6em. Ype3 gonbAaHUMEAEH aHAAU3 Ce onpegeAu npa-
2oBama cmouHocm om > 7 2oguwHa gaBHocm Ha 3A
cbC 76% uyBecmBumeanocm u 78% cneuudpuyHocm
npu omauvaBaHe Ha xopama ¢ guabemHO CMbBNAAO
cpeg uzcaegBatama nonyaauus cbe 3axapeH guabem.
Ha B8mopo macmo e koaudvecmBomo mazHuHu. Om
ROC-aHaauza ce ycmanoBu, ye npu npazoBa cmou-
Hocm om <30k2 cbe 73% uyBcmBumeaHocm u 63%
cneyuguyHocm mo2am ga 6bgam onpegeAeHu nauu-
eHmume ¢ guabemHo cmbnaro. OMHOCHO NPoOUEHM-
HOMO CbgbpykaHue MazHuHU B maromo npazoBama
cmoUHocm, koamo bewe onpegeaeHa, e < 34% u ma
uma 60% uyBcmBumeaHocm u 60% cneuuduyHocm.

AonbaHumeaHo 3a omauvaBawume ce napa-
mempu npoBegoxme aHaau3 upe3 bGuHapHa Ao2uc-
muuHa peepecus, 3a ga cmeneHyBame KoAuuecm-
BeHomo BauaHue Ha Bceku om pakmopume 3a
pazBumuemo Ha guabemHo cmbhaao. Pezyamamu-
me ca npegcmabBeru 8 Tabauya 4.

EgHozHauHo ce ouvepma npomekmuBHuam
egpekm Ha no-Bucokama meaecHa maca, Kamo om pas-
AUMHUME U u3mepeHua ¢ Hal-2oAamo BauaHue Gewe
CbgbpykaHuemo Ha macmHa mbkaH 6 maromo. Bes-
Ko HedHo yBeauuerue ¢ 1% om mearecHua cbcmab
uau ¢ 1 k2 B abcoatomHa cmouHocm bewe cBbp3a-
HO C pegykuus Ha pucka 3a pazBumue Ha guabemHo
cmbnaro cbomBemuo ¢ 8% u 7%. B uzcaegBanama
nonyaauua HapacmBavemo Ha VITM HamanaBawe Be-
poamHocmma 3a 6b3HukBaHe Ha guabemHo cmbnaao
CbWO CbC 7%, a nokauBaHemo Ha me2Aaomo - ¢ 3%.

ObcbikgaHe

AuabemHomo cmbnaro e cpeg  Hal-mexKu-
me YCAOXKHEHUE Ha 3axapHua guabem, nopagu no-
cregecmBuama cu Bbpxy kavecmBomo Ha >xuBom ¢
mpaiHa uHBaaugusauun, Heobxogumocm om noBeue
3gpaBHu epuxu, puHaHcoBu pa3zxogu u npexgeBpe-
MEeHHa CMbpM Ha 3acezHamume Auua (4, 5).

IMpu aHaAu3za Ha meAecHua cbcmaf ce ycma-
HoBu, ye xopama ¢ guabemHu paHu umam 3Ha4YuMO
no-HUCbk MITM u meaecHO me2ao, No-maaka 0BUKOAKA
Ha XaHwa, Kakmo U NO-MaAKo 00WO CbgbpikaHue Ha
mazHuHuU 8 maaomo, 8 cpaBHeHue ¢ nauueHmMume 6e3
yauepauuu. C6obogHama om ma3zHUHU Maca, uHge-
Kcbm Ha BucuepasHa macmHa mbkaH U memaboAum-
Hama Bb3pacm B6axa cmamucmuyecku CXOgHU MeXgy
gBeme 2pynu. YBeauuaBarHemo Ha meaecHama maca 6
KOHMeKcma Ha HagHOPMEHOMO ME2A0 U 3amMAbCMS-
BaHemo obukHoBeHO e acouuupaHo ¢ mMHOXecmBo-
HebAazonpuasmHu 3gpabHu ecpekmu (30).
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HO CMbNaAo

Tabauya 1. OcHoBHu xapakmepucmuku u aHmponomempusa Ha u3caegBaHama nonyaauus 6e3 u c guabem-

lpynu Ipyna | Ipyna Il
MNokazameau 3A 6e3 guabemHo cmwbnano | 3A ¢ guabemHo cmbnaao

Bwv3pacm (2.) 55,6919,81 61,36%10,76*
AaBHocm Ha 3A (2.) 4,6618,28 13,49£10,47*
Xenu (%) 46,2 38,1
XeHu 6 meHonays3a (%) 72,2 100*
UTM (k2/m?) 34,07+5,95 30,86%6,38*
TeaecHo mezao (k2) 98,76%£19,79 88,26+21,03*
Pbcm (cm) 170,26+9,85 168,97+10,75
TaAua (cm) 112,61+£14,44 105,85+14,53
XaHw (cm) 115,35+11,46 107,08,12*
Taaua/XaHw 0,96+0,089 0,96%0,08
Taaua/Pocm 0,6610,088 0,61£0,076
MpoueHm mazHuHu (%) 37,5318,84 29,78+11,1*
KoAuuecmBo mazHuHu (k2) 37,56+13,12 26,44+11,73*
CBo60gHa om Ma3zHUHU Maca (k2) 59,76£12,10 56,53+12,64
Ungekc Ha BucueparHa MacmHa mbKaH 10,85+2,51 10,0+4,09
Mema6oaumua Bv3pacm (2.) 69,31£11,76 60,08+15,77
OcHo6Ha o6mana (kcal) 1786,66+354,22 1665,59+296,21

*p<0,05

Tabauua 2. NemaGoaumnu u GuoxumudHU nokazameau npu uzcaegBaHume Auua 6e3 u ¢ guabemHo CMbNao

Ipynu
[Mokazameau

Ipynal

3A 6e3 guabemHo cmbnaro

Ipyna Il

3A ¢ guabemHo cmbnaAo

Mema6oaumen cuHgpom (%)

93,2

80,6

KomnoHeHmu Ha memaGoAumHus
cuHgpom (6poii)

3,95+1,01

3,1+0,92%

CucmoAHO apmepuarHo HaaazaHe (mm Hg)

132,27£19,36

136,29£21,62

AuacmoAoHo apmepuaAHo HaaazaHe (mm Hg) 82,1819,04 78,74+10,86
Copgeuna yecmoma (ygapa 6 mun) 74,55%£9,92 80,45+15,16
ApmepuaAna xunepmonua (%) 84,1 91,7
O6w, xornecmepoa (mmol/l) 4,98+1,42 4,77+1,83
LDL-xorecmepoa (mmol/l) 2,88%1,10 2,80£0,98
HDL-xorecmepoa (mmol/l) 1,08+0,29 1,17£0,35
Tpuzaauyepugu (mmol/I) 2,16%1,37 1,82%0,92
MukouHa kuceAuHa (umol/l) 360,68196,78 349,85+100,17
ACAT (U/1) 32,06+34,50 15,67+5,37*
AAAT (U/1) 28,23+27,33 16,40+7,42*
T (U/1) 51,24+46,55 34,93%26,60"
HbA_(%) 8,71+2,24 8,39+1,93
*p<0,05
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Tabauya 3. Pesynmamu om ROC-aHaau3a 3a oueHka Ha 6a3ucHU guckpumuHaHmu npu omauyaBaHe Ha
xopama ¢ guabemHo cmbnaao 6 uzcaegBanama nonyaauus

lMokazameau ROC-aHaru3
Maow nog kpuBama | 95% goBepumeneH unmepBaar | 3Hauumocm (p)

AabHocm Ha 3A 0,802 0,721-0,884 <0,001
KoAauuecmBo mazHuHu 0,758 0,640-0,876 0,001
% Ma3zHUHU 0,703 0,569-0,838 0,008
TeAaecHO mezao 0,667 0,550-0,784 0,005
Bw3pacm 0,656 0,559-0,752 0,002
NUTM 0,651 0,531-0,771 0,012

TabAauya 4. buHapHa Ao2ucmuyHa pezpecus 3a KOAU
napamempu 3a pazBumue Ha guabemHo

yecmBeHa oueHka BAuaHuemo Ha npegcmaBeHume
CMbNaAo

®akmop B Cm. zpewka| p Exp(B)=OR 95% AU 3a OR

% Ma3HUHU -0,081 0,030 0,007 0,922 0,869 0,978

KoAuuecm6Bo mazHunu | -0,076 0,025 0,003 0,927 0,882 0,974

NUT™M -0,069 0,035 0,048 0,933 0,872 0,999
TeAecHO mezao -0,029 0,012 0,017 0,972 0,949 0,0995

AV - goBepumener uHmepBan; p - HuUBo Ha 3Ha4umocm; OR - odds ratio (omHoweHue Ha waHcoBeme)

[Npu Hakou cbecmoaHua obaye no-Bucokuam UTM
moxke ga 6bge npomekmuBer u ce cBbp3Ba ¢ no-2o-
AMa NPOgbAXKUMEAHOCM Ha kuBoma. BaaugHocmma
Ha mo3u ,napagokc Ha obe3umema” e uzcaegBaHa u
npu xopa ¢ guabemHo cmbnaao, kKamo gaHHume Bce
owe ca HegocmambuHu u npomuBopeuuBu. Pinzur
u cbmpygHuuu onucBam, ve no-Bucokusm NTM ce
cBbp3Ba c no-zoaam puck om guabemuu panu (31).
B gpyzo uzcaegBaHe obaue ce gokaagBa J-obpazHa
kpuBa Ha yauepamuBHua puck - kKakmo mHo2o Buco-
KUSM, maka u HUCKUAM UHgeKC Ha meAecHa maca ca
HebAazonpuamHu (32). Mpu aHaau3 Ha onepamuBHua
puck 2 2oaemu cmyguu nocouBam, ve no-Bucokuam
VITM ce cBbp3Ba c no-HUCHK puck om amnymauua Ha
goAeH KpallHUK Npu Xopa CbC 3axapeH guabem, HO Cb-
weBpemeHHO U C No-20AAMa YeCMOoma Ha CenmMuyHU
YCAOXKHEHUSA, NO-gbAb2 BoAHUYEH npecmoU u cBbp3a-
HU ¢ moBa pazxogu (11, 33). INpu npoBegeH aHaau3
Bbpxy npexxuBaemocmma Ha Hag 1000 nauueHmu,
npembpneau onepayusa Ha guabemHo cmbnaao, e yc-
maHoBeHa no-zonama npogbAKUMeAHocm Ha >xuBo-
ma npu xopama ¢ no-Bucok VITM u npu makuBa cuc
cobxpaHaBawu kpadHuKa MaAku amnymauuu.

M3ka3zaHa e xunome3ama, ye HebAa2onpuamHo-
mo BAuAHUE Ha NO-HUCKOMO Me2A0 Npu hauvueHmu-
me ¢ guabemHo cmbnaAo 6u mo2A0 ga ce cBvpixke ¢

HamaAeHama UM MUCKYAHaA maca, No-AowuA XpaHu-
meAaeH cmamyc, BAoweHua anemum, no-2oAamama
yecmomama Ha UH(EKUUO3HU YCAOXKHEHUS, C HECUC-
MemeH Npuem Ha MegukameHmume 3a KOHMPOA Ha
apmepuaAHOMO HaAf2aHe U gucAUNUgeMUAMa, Kakmo
U € epekma Ha uupkyaupawu pakmopu (kamo mpom-
6okcaH u pazmBopumua Mymop-Hekpo3uC hakmop,
Koumo BAuaam Ha cbpgeuHo-cbgoBua puck) (34).

B Hawemo u3caegBaHe HapacmBaHemo Ha Ko-
AudecmBomo mazHuHU, meaecHomo meaao u UITM
ce aBaBaxa kamo 3Havyumu npomekmuBHU hakmopu
3a guabemHo cmwvnano. YBeauuaBaHemo ¢ 1 Ha npo-
UEeHMHOMO CbOMHOWeHUe Ha MazHuHUMe 68 maromo
HamaraBawe yauepamuBHua puck ¢ 8%, a Ha NTM -
cbC 7%. Bepoamto me3u edekmu ca cBobp3aHu He
camo ¢ nacuBrume cBoicmBa Ha macmHama mbKax,
HO U C omgeAaHume om Hea GuoAoeuuyHo akmuBHU
MOAEKYAU - agunokuHume. OnpegeaeHama npazoBa
cmouHocm om <34% meAeCcHU Ma3HUHU 3a pa3epa-
HuuaBaHe Ha xopama ¢ guabemHO CMbBNAAO e CbC
cpaBHumeaHo Hucka vyBcmBumeaHocm u  cneuu-
puyHocm (60%), mbU Kamo paznpegereHUemMo Ha
MacmHama mbkaH e uHguBugyaaHo npu Bceku voBek
U mo3u nokazamea He ompazaBa HelHua Bug (6aaa,
KagpaBa, bexxoBa).

AONBAHUMEAHO, XOpama ¢ guabemHo cmbnaAo
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ROC-aHaAu3 3a oueHKa gucKkpumu-
HamuBHama cnocobHocm Ha npo-
UEHMHOMO Cbgbp>KaHUe Ma3zHUHU
u abcoartomHomo kKoauvecmBo ma3z-
HuHU B8 maromo 3a pa3epaHudaBaxe
Ha xopama ¢ guabemHo cmbnano 6
uzcaegBanama nonyaauus.

----------------- KoauuecmBo mazHuHu
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memaboAumHUA CUHgPOM U NO-HUCKU cmoUHocmu
Ha 4YepHogpobHU eH3umu, cnpamo me3u 6e3 moBa
yCcAaoXKHeHue, koemo moxe ga e 6v6 Bpb3ka ¢ pas-
aukama 6 MITM. He e acHo gaau moBa e yacm om
npuduHume uAu e caegcmBue Ha guabemHomMo cMb-
naro. Bvnpeku ,no-6Aazonpusmuusa” memaboaumeH
oH no-chabume nauueHmu ca pazBuau 8 no-zoram
npoueHm guabemuu panu. Tuttolomondo u cempyg-
HUUU onpegeAam guabemHomo CMbNAAo Kamo Cbp-
geuHo-cbgoB mapkep (28), kamo me u3znoazBam no-
Hamuemo aguno-BackyaapHa oc¢, 3a ga nogyepmaam
Bpb3kama Ha MacmHama mbkaH CcbC cbgoBama y6-
pega npu 3axapeH guabem mun 2. MexaHuzmume 6
moBa B3aumogeticmBue noBauaBam Bv3nareHuemo,
UMyHHama peayaauus, mpomboobpazyBaHemo, uH-
cyauHoBama  pe3ucmeHmHoOCm, Xunepa2Aaukemuama,
apmepuaAHOMO HaAf2aHe, AUNUGHUA NPOCOUA, @ Megu-
amopume ca pa3AudHUME agunoKUHU Kamo uHmep-
AeBkuH-6, pe3ucmuH u agunoHekmuH (28). Poaama Ha
mMacmHama mwbkaH - kamo koaudecmBo, Bug, paznpe-
geAeHue U eHgoKpUHHAa (PyHKUUS, uma KAl4YoBo 3Ha-
yeHue B namozeHezama Ha guabemHOMO CMbNAAO.

B uzcaregBaHama nonyaauua guabemHomo cmb-
naro ce BnucBawe B koHuenuusma 3a ,napagokc
Ha obe3umema”. Xopama c guabemHu paHu umaxa
no-HUCbk MTM, no-maako koAudecmBo macmHa mb-
KaH U no-manbK 6pold KomnoHeHMU Ha memaboaum-
HUA CUHgPOM cCnpamo Auuama 6e3 moBa ycaoxHe-
Hue. Heobxogumu ca gonbAHUMEAHU NO-pa3wupeHu
uzcaegBaHua 3a ycmaHoBaBaHe Ha NpuvUHHO-CAEQ-
cmBeHume Bpb3Ku Ha Ma3zu KopeAauus.
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Background: Diabetic foot disease is a complication of the complications due to chronic hyperglycemic
changes in the vessels and nerves. Many mechanisms are involved in its pathogenesis, but not all of them
are fully elucidated. Body mass index (BMI) is known to correlate with met abolic diseases and their sever-
ity. The role of adipose tissue and the cytokines that it produces in diabetic foot disease is poorly studied.

Methods: In a cross-sectional study 120 hospitalized patients with type 2 diabetes mellitus and mean
age of 57,68+10,47 years, aged between 32 and 79 years, were included. They were divided into 2 groups
- people with diabetic foot disease - with an existing diabetic plantar ulcer on the foot (n=42) and those
without this complication (n=78). Standard anthropometric, physical and laboratory examinations were per-
formed on all participants. Their body composition was determined using a bioimpedance method.

Results: Patients with diabetic foot were significantly older, had a longer history of diabetes, lower BMI,
body weight and hip circumference, as well as having less body fat. The number of metabolic syndrome
components was significantly lower among individuals with diabetic wounds, compared to those without
this complication. All women in the diabetic foot group were in menopause.

Conclusion: In our study, higher adipose tissue content correlated with lower incidence of diabetic
foot disease. The presentation of this complication fits the definition of the ,obesity paradox.”

Key words: diabetic foot disease, adipose tissue, metabolic syndrome, obesity paradox.

Introduction

The discovery of insulin and advances in the
treatment of diabetes mellitus over the past 100
years have led to significantly longer survival of peo-
ple with this disease (1). As a result, the frequency
of related chronic complications increased, such as
diabetic foot disease (2). The latter is defined as the
presence of an infection, ulceration or tissue de-
struction of the foot, associated with neuropathy

and/or peripheral arterial disease of the lower ex-
tremities in a person with diabetes mellitus (3). Its
occurrence is a burdensome event not only for the
affected person, but also for the relatives, society
and the health insurance system as a whole. Dia-
betic wounds are a cause of significant deteriora-
tion in quality of life and premature death (4-6). The
financial costs are 5 times higher for patients with
diabetic foot at the first occurrence of a diabetic
wound and 2.6 times higher at a subsequent event,
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compared to a diabetic person without this com-
plication (7, 8). Diabetic foot is with multifactorial
pathogenesis, which involves metabolic, vascular,
neurological, hemodynamic, mechanical, infectious
and hereditary factors (9). The relationship of this
complication with the adipose tissue is under active
investigation.

Obesity is a proven risk factor for type 2 diabe-
tes (10). Data on the relation of overweight to diabet-
ic foot and amputations are not unidirectional (11).
In 1999, an American scientific team introduced the
idea of the , obesity paradox”, in which a higher body
mass index was associated with better survival, first
described in hemodialysis subjects (12, 13). Sub-
sequently, this correlation was also established for
other diseases such as heart failure (14, 15), myocar-
dial infarction (16), acute coronary syndrome (17),
COPD (18) and pulmonary embolism (19).

Studies over the past few decades have re-
vealed the role of adipose tissue not only as an in-
ert energy storage, but also as a major endocrine
organ. Cytokines and bioactive mediators, called
adipokines produced by it, are involved in appetite
regulation, nutrient metabolism, insulin sensitivity,
inflammation, coagulation, carcinogenesis, athero-
sclerosis, immune regulation, cardiovascular dis-
eases and diabetic complications (20-22). In obese
patients, adipocytes are larger, making them resis-
tant to the lipolysis-suppressing effect of insulin, es-
pecially in visceral or deep subcutaneous adipose
tissue. This leads to enhanced release and increase
in plasma levels of free fatty acids (FFA) and glycer-
ol, which exacerbates insulin resistance in muscles
and liver (23). Release of FFA from adipocytes as a
result of enhanced lipolysis may also contribute to
insulin resistance by suppressing glucose transport
and its phosphorylation in the cell, followed by re-
duced glucose breakdown and glycogen synthesis,
increased apolipoprotein B secretion and increased
hepatic lipase activity (24). This is associated with
a change in the secretion of adipokines, endotheli-
al dysfunction and acceleration of atherosclerosis.
Some authors define this relationship as the ,adi-
po-vascular metabolic axis”, which is associated
with increased cardiovascular risk in people with
obesity and type 2 diabetes (25). Researches on
the role of adipokines in diabetic foot are limited.
For example, there is evidence of high plasma levels
of interleukin-6, resistin, omentin-1 and low values
of adiponectin in people with diabetic wounds, as
these adipokines might be a linking factor in the
pathogenesis of diabetic ulcerations, vascular and
inflammatory events (26-29). The group of adi-
pokines is a subject of increased scientific interest,
as new representatives are discovered and their role
in various physiological and pathological processes.

Materials and methods

For our cross-sectional study 120 patients, aged
32 to 79 years, with type 2 diabetes mellitus, hos-
pitalized in the Clinic of Endocrinology and Meta-
bolic Diseases of University hospital ,Alexandrovs-
ka” were selected. Inclusion criteria were: type 2
diabetes mellitus, age over 18 years and signed in-
formed consent for participation. People who had
foot damage unrelated to diabetes and its compli-
cations, those with type 1 diabetes, and those with
circumstances and illnesses that would compromise
the reliability of the results were excluded from the
study. The study was approved by the ethics com-
mittee of the Medical University of Sofia with pro-
tocol No. 10/25. 03. 2019. The following research
methods were used: anamnesis, physical examina-
tion, anthropometric panel - height, weight, body
mass index (BMI kg/m?), waist and hip circumfer-
ence, waist/hip ratio, waist/stature ratio. Body
composition was determined by the bioimpedance
method using Tanita MC-780MA-N (Tanita Corpo-
ration, Tokyo, Japan) in the morning fasting, giving
following parameters: Fat percentage (Fat %), Fat
mass, Fat Free Mass - FFM, Visceral Fat Rating, Met-
abolic Age, Basal Metabolic Rate. Additionally, stan-
dard biochemical parameters were analyzed in the
morning on an empty stomach: glycated hemoglo-
bin (HbA, ), AST, ALT, GGT, uric acid, lipid profile
(total cholesterol, HDL, LDL, VLDL, triglycerides).
The tests were carried out in the Central Clinical Lab-
oratory of the University Hospital ,Alexandrovska”.

Data were entered and processed with the
statistical package IBM SPSS Statistics v19 for Win-
dows. A significance level at which the null hypoth-
esis is rejected was p<0,05. Results are presented as
mean * standard deviation (SD).

Results

In our study 120 patients with type 2 diabetes
mellitus were included - 68 men (56,7%) and 52
women (43,3%), with an average age of 57,68+10,47
years. They were divided into 2 groups:

® Group | - patients with type 2 diabetes with-
out diabetic foot disease (n=78)

® Group Il - patients with type 2 diabetes and
diabetic foot disease - with a diabetic plantar ulcer
on the foot (n=42).

The main characteristics of the studied subjects
are shown in Table 1.

People with diabetic foot were older, had a lon-
ger duration of diabetes, lower BMI, body weight
and hip circumference, as well as having less body
fat. Additionally, all women in the diabetic foot
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group were found to be menopausal, which was sig-
nificantly more than those without this complication.
Patients in the two groups were similar in terms of
sex distribution, height, waist, waist/hip and waist/
stature ratios, fat free mass, visceral adipose tissue
index, metabolic age and basal metabolic rate.

Table 2 presents data on the components of the
metabolic syndrome and the basic biochemical pa-
rameters of the subjects with and without diabetic
foot disease.

From the obtained results, it is interesting to
find that the number of metabolic syndrome com-
ponents was significantly greater and there was a
tendency towards its higher prevalence in people
without diabetic foot disease. AST, ALT and GGT
levels were lower in people with diabetes mellitus
and foot ulcers. The population in the two groups
was similar regarding mean levels of lipid profile
fractions, uric acid, glycated hemoglobin, blood
pressure and resting heart rate.

Based on the above mentioned anthropometric,
clinical and laboratory parameters, which were statis-
tically different between the two groups, a ROC-anal-
ysis was performed to establish threshold values for
distinguishing individuals with diabetic foot among
the studied population (Figure 1, 2, 3 and Table 3).

From the presented table it is demonstrated
that for all parameters the results were statistically
significant. The largest area under the curve, respec-
tively the highest discriminative ability to distinguish
individuals with diabetic foot, had the duration of
diabetes. Through an additional analysis, the thresh-
old value of > 7 years of diabetes duration was de-
termined with 76% sensitivity and 78% specificity
in distinguishing people with diabetic foot among
the study population. In second place was fat mass.
From the ROC-analysis, it was found that by the
threshold value of <30kg with 73% sensitivity and
63% specificity, patients with diabetic foot could
be determined. Regarding body fat percentage, the
threshold value that was determined was < 34%
and it had 60% sensitivity and 60% specificity.

In addition, we performed a binary logistic re-
gression analysis to assess the quantitative influence
of each factor on the development of diabetic foot.
The results are presented in Table 4.

The protective effect of higher body mass was
clearly outlined, and among its various measure-
ments, fat content in the body had the greatest in-
fluence. Each 1% increase in body fat or 1 kg in
absolute value was associated with a 8% and 7%
reduction in the ulcerative risk, respectively. In the
study population, an increase in BMI also reduced
the probability of diabetic foot occurrence by 7%,
and an increase in weight by 3%.

Discussion

Diabetic foot disease is among the most se-
vere complications of diabetes mellitus, due to its
consequences on the quality of life with permanent
disability, the need for more health care, financial
costs and premature death of the affected individ-
uals (4, 5).

Body composition analysis found that people
with diabetic ulcers had significantly lower BMI and
body weight, smaller hip circumference and less to-
tal body fat, compared to patients without ulcers.
Fat-free mass, visceral fat ratio and metabolic age
were statistically similar between the two groups.
Increased body mass in the context of overweight
and obesity is commonly associated with multiple
adverse health effects (30). However, in some con-
ditions, a higher BMI might be protective and is as-
sociated with longer life expectancy. The validity of
this ,obesity paradox” has also been investigated in
people with diabetic foot, but the data are still in-
sufficient and conflicting. Pinzur et al. reported that
higher BMI was associated with a greater risk of di-
abetic ulcers (31). However, another study report-
ed a J-shaped ulcer/risk curve - both very high and
very low BMI were unfavorable (32). Regarding the
amputation risk, 2 large studies indicated that high-
er BMI was associated with a smaller risk of lower
limb amputations in people with diabetes mellitus,
but also with a higher incidence of septic compli-
cations, longer hospital stay and related costs (11,
33). A survival analysis of more than 1000 patients
who underwent diabetic foot surgery found lon-
ger life expectancy in those with a higher BMI and
those with limb-sparing minor amputations. It has
been hypothesized that the adverse effect of lower
weight in patients with diabetic foot could be asso-
ciated with their reduced muscle mass, worse nutri-
tional status, decreased appetite, greater frequency
of infectious complications and non-systemic medi-
cation intake for control of blood pressure and dys-
lipidemia, as well as the effect of circulating factors
(such as thromboxane and soluble tumor necrosis
factor, which influence cardiovascular risk) (34).

In our study, increased body fat, body weight
and BMI appeared to be significant protective fac-
tors for diabetic foot. A 1-point increase in body fat
percentage reduced ulcerative risk by 8% and in-
crease in BMI by 7%, respectively. Probably, these
effects are related not only with the inert properties
of the adipose tissue, but are also due to the biologi-
cally active molecules released from it - adipokines.
The determined threshold value of <34% body fat
which distinguished people with diabetic foot had
relatively low sensitivity and specificity (60%), prob-
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Tablel. Main characteristics and anthropometry of the studied subjects with and without diabetic foot disease

Groups Group | Group Il
Parameters DM without diabetic foot DM with diabetic foot
Age (y) 55,69+9,81 61,36+10,76*
Diabetes duration (y) 4,6618,28 13,49+10,47*
Women (%) 46,2 38,1
Women in menopause (%) 72,2 100*
BMI (kg/m?) 34,07£5,95 30,86%6,38"
Weight (kg) 98,76+19,79 88,26+21,03*
Height (cm) 170,26%9,85 168,97+10,75
Waist (cm) 112,61114,44 105,85+£14,53
Hip (cm) 115,35+11,46 107,048,12*
Waist/Hip ratio 0,96%0,089 0,96+0,08
Waist/Stature ratio 0,66+0,088 0,61+0,076
Fat percent (%) 37,53+8,84 29,78+11,1*
Fat mass (kg) 37,56x13,12 26,44+11,73*
Fat free mass (kg) 59,76+12,10 56,53+12,64
Visceral fat ratio 10,85%2,51 10,0£4,09
Metabolic age (years) 69,31£11,76 60,08+15,77
Basal metabolic rate (kcal) 1786,66+£354,22 1665,59£296,21

*p<0,05

Table 2. Metabolic and biochemical parameters in studied subjects with and without diabetic foot

N Group | Group Il

Parameters DM without diabetic foot DM with diabetic foot
Metabolic syndrome (%) 93,2 80,6
Components of metabolic 3,95£1,01 3,1£0,92*
syndrome (number)
Systolic blood pressure (mm Hg) 132,27£19,36 136,29£21,62
Diastolic blood pressure (mm Hg) 82,1819,04 78,74+10,86
Heart rate (per min) 74,55£9,92 80,45+15,16
Arterial hypertension (%) 84,1 91,7
Total cholesterol (mmol/l) 4,98+1,42 4,77+1,83
LDL (mmol/l) 2,88+1,10 2,80+0,98
HDL (mmol/l) 1,08+0,29 1,17£0,35
Triglycerides (mmol/l) 2,16x1,37 1,82+0,92
Uric acid (pmol/I) 360,68196,78 349,85+100,17
AST (U/1) 32,06%34,50 15,67+5,37*
ALT (U/I) 28,23+27,33 16,407,42*
GGT (U/l) 51,24+46,55 34,93+26,60
HbA,_ (%) 8,71+2,24 8,39+1,93
*n<0,05
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Table 3. | Results of ROC-analysis for the evaluation of general characteristics in distinguishing people with
diabetic foot in the study population

Parameters ROC:-analysis
Area under the curve 95% confidence interval Significance (p)

Diabetes duration 0,802 0,721-0,884 <0,001
Fat mass 0,758 0,640-0,876 0,001
Fat % 0,703 0,569-0,838 0,008
Weight 0,667 0,550-0,784 0,005
Weight 0,656 0,559-0,752 0,002
Weight 0,651 0,531-0,771 0,012

Table 4. Binary logistic regression to quantify the influence of the presented parameters on the develop-
ment of diabetic foot disease

Factor B Stat. error p Exp(B)=OR 95% Cl of OR
Fat % -0,081 0,030 0,007 0,922 0,869 0,978
Fat mass -0,076 0,025 0,003 0,927 0,882 0,974
BMI -0,069 0,035 0,048 0,933 0,872 0,999
Weight -0,029 0,012 0,017 0,972 0,949 0,0995

Cl - confidence interval; p - level of significance; OR - odds ratio

ROC Curve

ROC-analysis to assess the discriminative
ability of diabetes duration and age to dis-
tinguish people with diabetic foot in the
study population

----------------- Diabetes Duration

------- Age
Reference Line

I I
0,0 0,2 0,4 0,6 0,8 1,0
1-Specificity
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ably because the distribution of adipose tissue is in-
dividual in each person and this indicator does not
reflect its type (white, brown, beige).

In addition, people with diabetic foot had sig-
nificantly fewer components of the metabolic syn-
drome and lower liver enzyme values than those
without this complication, which might be related
to the difference in body mass index. It is unclear
whether this is part of the cause or a consequence
of diabetic foot. Despite the ,more favorable” met-
abolic background, leaner patients had a higher
percentage of diabetic wounds. Tuttolomondo and
colleagues defined diabetic foot disease as a car-
diovascular marker (28), using the concept of the
adipo-vascular axis to emphasize the relationship
of adipose tissue to vascular damage in type 2 di-
abetes mellitus. The mechanisms in this interaction
affect inflammation, immune regulation, thrombus

formation, insulin resistance, hyperglycemia, arterial
pressure, lipid profile, as the mediators are various
adipokines such as interleukin-6, resistin and adi-
ponectin (28). The role of adipose tissue - in the as-
pect of its quantity, type, distribution and endocrine
function - is of key importance in the pathogenesis
of diabetic foot disease.

Conclusion

In the study population, diabetic foot fits the
concept of the ,obesity paradox”. Individuals with
diabetic wounds had a lower BMI, less body fat
and fewer components of the metabolic syndrome,
compared to individuals without this complication.
Further more extensive studies are needed to estab-
lish the causal relationships of this correlation.
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Pesiome

BwvBegenue: PenpogykmuBHama cyHkuua e »ku3zHeHo BaxkHa 3a uHguBuga u 3aBucu om uHume mexa-
HU3MU Ha peayrauus u B3aumogetdcmBue mexxgy xunomasamyca, xunousama u 2oHagume, obeguHeHu 8 m.
Hap. XxunomaAamo-xunogu3o-2zoHagHa oc (XXI) oc. Aobpe uzBecmnHa u omgaBHa nomBbpgeHa, nbpBoHavaa-
Ho npu >xuBomHu, a B8 nocaegcmBue u npu xopa, e Bpb3zkama mexgy memaboaumHume u penpogykmuBHu
npouecu. Npu nayueHmume cbe 3axapeH guabem mun 1 (3Am1) emuonamozeHe3ama, NpuAa2aHOMO UHCY-
AUHOAEYEHUE, NEPUOGUUHUAM MOHUMOPUH2 U KOPEKuUa Ha MemaboAUMHUA KOHMPOA CaMOCMOAMeAHO uAu B
KombuHauua okazBam BauaHue Bbpxy nokazameaume Ha XXI oc u gonpuHacam 3a Hakou om HabalogaBaHume
OMKAOHeHUA npu >XeHume 6 penpogykmuBHa Bb3pacm.

Llea Ha npoyyBanemo: Ougerka Ha B3aumoBpb3kama mexkgy 2AUKeMUYHUA KOHMPOA U NOKazameAaume Ha
XXT oc npu »eHu cbe 3Am1 6 penpogykmuBHa Bb3pacm.

Mamepuaau u memogu: TpoyuBaHemo o6xBawa 37 »xeHu cbe 3AmT u 83 KauHUYHO 3gpabu >kKeHu, cAy-
Kewu 3a KoHmpoaHa 2pyna. CHema e nogpobHa aHamHe3a no omHoweHue gaBHocm Ha 3a6oaaBaHemo, obwa
gHeBHa go3a uHcyauH (OAA), go3a Ha KuAOZpam MeAecHO Mme2A0 UHCYAUH (go3a/ke). Mpu Bcuuku yyuacmHuuku
ca uzcaegBaHu aHMPONOMEMPUYHU U HAKOU BUOXUMUYHU NokazameAu - KpbBHa 3axap Ha 2aagHo (FBG), 2au-
KupaH xemoz2r06uH (HbA, ), mukpoarbymurypua (U-ALB), ypea (Urea), kpeamunun (CREA), nukoyHa kuceauHa
(UR AC), obw, xonecmepoa (TC), XAA xorecmepoa (HDL-C), mpuaauuepugu (TG), kakmo u 6a3aaHu HuBa Ha
AymeuHusupaw, xopmoH (LH), (poaukyrocmumyaupaw, xopmon (FSH), ecmpaguoa (E2), mecmocmepon (T), no-
roBu-xopmoru cBbp3Baw, 2r06yauH (SHBG), gexugpoenuaHgpocmepoH cyagpam (DHEA-S), aHgpocmeHguoH
(A4), Aumu-MiorepoB xopmon (AMH), npoaakmut (Prl), mupeocmumyaupaw, xopmon (TSH), agpeHokopmukom-
poneH xopmoH (ACTH), cympewen kopmu3oa (corisol 8h), 17- xugpokcunpozecmepot (17-OHPG). Vi3uucaeHu
ca ITM, maausa/pbem (T/P), maaua/xaHw (T/X), omHoweHue LH/FSH, cBobogeH aHgpozeHeH uHgekc (FAI), kaa-
kyaupaH cBobogeH (cFT) u GuoHaauueH mecmocmepoH (BioT).

Pezyamamu: B 2pynama 3Am1 ca cueHugpukaHmHo no-Bucoku cnpamo KoHmpoaHama 2pyna HuBama Ha LH
(U=953,50, p=0,001) u cbomHoweHuemo LH/FSH (U=953, p=0,001), kakmo u T (U=706, p=0,000), FAIl (U=940,
p=0,003), cFT (U=897, p=0,043), BioT (U=837,50, p=0,024) u A4 (U=480,50, p=0,004). )XeHume cbc 3Am1 ca
CbC cmamucmuyecku 3Hadumo no-Bucoku HuBa u Ha AMH (U=465,50, p=0,040) cnpamo 3gpaBume
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koHmpoau. Caeg nogpazgeasHe Ha 2pynama Ha guabemuukume Ha gBe nogepynu cnpamo HuBa Ha 2AukupaH
xemo2A00uH HbA, .</>7,0% ce 3ana3Bam 3aBuwerume nubBa Ha LH (8,32;4,92, U=244, p=0,002) u omHoweHue
LH/FSH (1,10;1,05, U=217, p=0,030) camo 6 nogepynama c HbA,_ >7,0% npu cbnocmabBumu HuBa 3a ocma-
Haaume nokazameau: FSH (U=153,50, p=0,911), E2 (U= 136, p=0,666), T (U=144,50, p=0,860), SHBG (U=137,
p=0,689), DHEA-S (U=147, p=0,936), A4 (U=134,50, p=0,620), 170HPG (U=137, p=0,689), AMH (U=121,50,
p=0,360), ACTH (U=186,50, p=0,156) u cympeweH kopmu3zoa (U=181, p=0,142). M3uucaeHume FAI (U=161,
p=0,737), cFT (U=143, p=0,835), BioT (U=147, p=0,934) ca cxogHu mexxgy gBeme nogepynu. Haauue ca Hop-

MONPOAAKMUHEMUA U eymupeouguHa pyHKuua npu BCuUKU yyacmHUUKU.

3akarouerue: XeHume cbc 3Am1 B8 penpogykmuBHo akmuBHa Bb3pacm nokazBam no-Bucoku HuBa Ha
Bcuuku uzcaegBaHu nokazameAu Ha xunepaHgpoz2eHu3bm cnpamo cbomBemHume no Bv3pacm 3gpabu KoH-
MPpOoAU, Kamo npu me3u ¢ BAoweH memaboaumeH koHmpoa - HbA _>7,0% ce 3anazBam no-Bucoku HuBa Ha LH

c—

u omHowenue LH/FSH cnpamo nogzpynama c HbA, <7,0%, Ho Hama 3HauYumu pa3Aauku 8 ocmaHaaume nokas3a-
meau Ha XXI' 0c, KaKmo U gonbAHUMeEAHO u3caegBaHume XOPMOHU.

KAarowoBu gymu: 3axapen guabem mun 1, 2aukupaH xemo2a06uH, memaBoaumen koHmpoa, XXT oc.

BbBegeHue

lNpegu BbBexxgaHemo Ha UHCYAUHA npu na-
uueHmume cbc 3AmT ce HabalogaBam mexxbk Xu-
no2oHagu3bm U noHuxkeH epmuaumem (1). C
Bb3MoOXKHOCMUME Ha 3amecmumeAHama mepanus,
penpogykmuBHuUmMe HapyweHua mo2am 3Havyumo ga
ce noBauaam. brazogapeHue Ha AedeHUemo C UHCY-
AUH (hepmuAumemMbM U MeHCMpyaAHUMe Hapyuwe-
HUA npu >eHu cbc 3AMT 3HaYumMeAHo ce nogobps-
Bam, makap ga nepcucmupam HAaKou omkAoHeHua (1).
HabatogaBanHume ocHOBHU HapyweHUA NpU >KEHU CbC
3A mun 1, moeam ga ce 0606wam, kakmo caegBa (2):

1. XunomaaamuydHa aHoByaauun/ameHopes;

2. CkbceH penpogykmuBeH nepuog - NO-KbCHO
MeHapxe U No-paHHa MeHoNay3a;

3. MeHcmpyaaHu HapyweHua (oAuzomeHopes/
ameHopen, NOAUMeHopesn);

4. PCOS nogobeH theHOmun - xunepaHgpo2eHU-
3bM U aHoByaauua B xoga Ha AeueHue C UHCYAUH;

5. ABmoumyHHU HapyweHua - noBuweHa vec-
moma Ha oBapuaaHu aHmumena 8 cpaBHeHue cbe
3gpaBu KoHMpoau. Bbnpocbm go KOAKO 2AUKeMUY-
HUAM KOHMPOA U UHCYAuHomepanuama noBauaBam
me3u HapyweHua He e HamepuAa cBoa KamezopuyeH
omzoBop B8 cBemoBHama aumepamuypa.

OmkpuBaHemo Ha UHCYAUHA U NPUAOXKEHUEMO
My npu nayueHmu cbc 3Am1 e peBoAloUUOHHO Cbbu-
mue u Bogu go cnacaBaHemo Ha muAuoHu >xuBomu.
Ho uHcyauHomepanuama ocuaypaBa Ha nayueHmu-
me mH020 noBeue. [Npe3 40-me 20guHU Ha MUHaAUA
Bex uwecmomama Ha Xuno20HAgOMPONEH Xunoz2o-
Hagu3zbm npu »XeHume cbc 3AmM1 gocmuza go 90%
(3), nocmeneHHo Geaexku cnag B 2oguHume Hanpeg
go 30% (4), gocmueaiiku go 8,2% ameHopea npe3 90-
me 20guHuU Ha muHaAua Bek (5). BbBexkgaHemo Ha
uHcyAauHoBu aHaao3u, ynompebama Ha uHcyauHoBu
nomnu e goka3ano nogobpaBane 8 HuBama Ha 2AuKu-
paHua Xemo2A00UH U UAAOCMHO ONMuUMU3UpaHe Ha

2AUKEMUYHUA KOHMPOA (6). OcobeHo oce3aemo e no-
gobpeHuemo npu geua, nogpacmBawu u maagu xopa
cbe 3Am1 6 nocaegHume gekagu (7). NMogobpaBare-
MO Ha 2AUKeMu4HUA KOHMPOA e 6e3cnopHo npeBa-
muBHO NO omMHowWeHUe Ha Yecmoma u mexkecmma
Ha gbA20CpPOYHUME YCAOXKHEHUA om 3Am1, a umeH-
HO npoaucpepamuBHa pemuHonamusa, Hecpponamus,
cbpgeuHo-cbgoBu (CC) 3aboanBarua (8).

Ao koako 3Am1, npu koimo Bogewa e UHCYAu-
HoneHuama, okazBa BauaHue Bbpxy XXI oc e obekm
Ha akmuBHo HayuHO uzcaegBaHe. [pu nabxoBe napex-
mepanHomo BbBexxgaHe Ha cmpenmo3omouuH (STZ),
UHgyUUpaw, mexka UHCYAUHoNneHua u HanogobaBauw,
Aowo koHmpoaupaH 3A, npegu3BukBa u npu gBama
NoAa XUNO20HAGOMPONEH XUNO20HAQU3bM, C HUCKU
HuBa Ha 2oHagomponuHume u noroBume cmepougu,
HamaaeHa LH nyacamuBrocm u HapyweHa obpamHa
Bpb3ka (9). Mpu »keHckume nabxoBe ce HabagaBa
3abaBeH uau auncBaw, npeoByaamoper LH nuk u aHo-
Byaauus, Kamo HapyweHuama ca omyacmu oGpamumu
cAeg KpamkompalHo AedeHue ¢ UHCYAuH (10).

KakBa e obaue Bpb3kama mexxgy 2AuKemuyHUA
KOHMPOA U npomeHume B XOpMOHaAHUME Noka3ameau
Ha XXI' oc npu »eHu cbc 3Am1? INpu cuzuorozuuHU
ycaoBus, Koeamo naHkpeacbm cekpemupa UHCYAUH B
nopmaaHama uupkyaauus, vepHuam gpob e opzaHbm,
U3A0KeH Ha Hat-Bucoku uHcyauHoBu KoHUeHmMpauuu u
EAUMUHUPA 3HaYUMeAHa Yacm om cekpemupaHua UHCY-
AuH (11). Tpu nauueHmume cbc 3AMT NOgKOXHO Npu-
AOXKEHUAM UHCYAUH Ce noema om cucmemHama Uupky-
Aauus, nponyckadku first pass egpekma Ha yepHua gpob
U U3Aa2a nepugpepHuMme mbkaHu Ha noBuweHu go3u uH-
cyaut (12). MNMoggbprkaHemo Ha ONMUMaAEH 2AUKEMUYEH
KOHMPOA U NpuUAa2aHeMo Ha UHMeH3uguUUUpaHa UHCY-
AUHOMEPanus ¢ ueA npegnasBare om pazBumue Ha xpo-
HUYHU YCAOXKHeHUA Ha 3a6oaaBaHemo noHakoea u3uckBa
Ccynpagpu3UOAO2UYHU gO3U UHCYAUH. Emo 3awo, koauue-
cmBomo NOgKOXKeH UHCYAUH, HEOBXOgUMO 3a gocmuea-
He Ha oHa3u KoHueHmMpayua 8 nopmaaHama cucmema,
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KOAMO e gocmambyHa ga NOmucCHe eHgozeHHama
2AOKO3HA Npogykuua om depHua gpob, uma 3a pe-
3yamam noBuweHu uHcyauHoBu HuBa B cucmemHa-
ma uupkyaauus. [NMocaegHume Bogam go noBuwero
u3AazaHe Ha alvHuka Ha gedcmBuemo Ha UHCYAUHA,
nomeHuyuaaHo GaazonpuamcmBawo aHgpozeHHama
cuHme3a mam (13).

Xunepaaukemuama cama no cebe cu e gpye
BaxxeH akmop, noBauaBaw, penpogykmuBHama
pyHkyua npu 3Am1. HabaogaBaHa e noHuxkeHa LH
cekpeuusa 6 omzoBop Ha ekzozeHeH GnRH, kamo npo-
gbAKUMEAHOCMMA Ha 3A u xunepzaaukemuama Kope-
AUpam c me3u npomeHu. Xunepaaukemuama noBuwa-
Ba anonmo3ama u HapywaBa cekpeuuama Ha GnRH
(14). Bucokama kpbBHa 3axap noBauaBa HeGAazonpu-
amHo atuHukoBama cyHkuua upe3 npogykmume
Ha HanpegHaro 2aukupaHe (AGE) (15). HeeHzumHo
2AUKUpaHe Ha NpPomMeuHU, XunepaAukemuama u npo-
MeHeHama Mukpouupkyaauua, noBuwerume HuBa Ha
BackyrapeH pacmeskeH hakmop ca cpeg obcbiKga-
Hume npegnocmaBku u 3a no-paHHomo u3vepnBaHe
Ha oBapuaaHus pe3epB (16).

Lleama Ha Hawemo npoyuBaHe e ga ce oueHu Bau-
AHUEMO Ha 2AUKEMUYHUA KOHMPOA Bbpxy Nokazameau-
me Ha XXI' oc npu >xeHu cbc 3Am1 8 penpogykmuBHa
Bb3pacm u ga ce oueHu Bpb3kama Ha XOpMOHAAHUME
C HAKOU aHaMHeCMUYHU U OBUOXUMUYHU NOKa3ameAu Ha
6a3a cpaBHeHue ¢ kKAUHUYHO 3gpaBu >keHu.

Mamepuaau u memogu

Hacmoawomo npoyuBaHe e mpaHcBep3aaHo,
06cepBayuoHHO, Mun cAy4al-kOHMpPOAa Npu 37 KeHu
cbe 3Am1 u 83 kAauHUYHO 3gpabu >keHu 6 penpogy-
kmuBHa Bb3pacm. lNpoyuBavemo e npoBegeHo 6
KauHuka no EHgokpuHoAoz2ua u 6oarecmu Ha obmaHa-
ma npu YMBAA ,,CB. Teopau” - IMaoBguB 6 nepuog
M. aHyapu 2018 2. - m. gekemBpu 2020 2. AobpoBo-
AHOMO yyacmue Ha Auuama om npoydBaHuama e
ygocmoBepeHo 4upe3 npegBapumeAaHo nognucaHo
UHhopmupaHo cberacue B8 cbomBemcmBue ¢ Aekaa-
pauuama om Xea3uxku. V13caegBatemo e ogobpeHo
om Komucuama no HayuHa emuka kbm cbBema no
HayuHo-uzcaegoBameacka getHocm npu Meguuuh-
cku YHuBepcumem, MaoBgub.

Kpumepuu 3a BkarouBane 6 npoyuBanemo ca
AUNCA Ha: goka3zaH 3A mun 2, HaAUYUE HA CbpgeyHa,
guxameAHa, 6bbpeyHa uau yepHogpobHa Hegocma-
MbBYHOCM, HaAUYue Ha ocmpa gekomneHcauua Ha
memaboAaumHomo 3aboaaBaHe KbM MOMEHMa Ha NPo-
BexxgaHe Ha uzcaegBaHuama, AedeHue Ha XPOHUYHA
conbmcmBawa namoao2us, kKoemo Ou MO2A0 ga no-
BAuae XopmoHaAHUME noka3ameau.

AHamHe3ama, kacaewa 3Am1, BkatouBa Bb3zpacm
Ha nocmaBaHe Ha guazHo3ama, gaBHocm Ha 3ab6oaa-
BaHemo, Bug Ha npuAaz2aHu UHCYAUHU, obwa gHeBHa
go3a uHcyauH (OAA), go3a Ha Kuaozpam MeAecHO
me2A0 UHCYAUH (go3a/ke). Mpu Bcuuku yyacmuuyku

8 npoyuBaremo ca uzBbpweHu caegHume aHmMpPono-
MempuyHU uzmepBaHua: me2ao, pbCm, Maaus, XaHuw,
u3yucaeHu ca omHoweHus T/X, T/P, uguucaeH e u uH-
geKc Ha MeAecHa maca cnpamo cmaHgapmsama cpop-
MyAa (17). KAUHUYHO-XUMUYHUME NOKa3ameAu: KpbBHa
3axap Ha 2aagHo (FBG), ypea (Urea), kpeamuruH (CREA),
obw, xorecmepoa (TC), XAA xorecmepoa (HDL-C),
mpuzauuepugu (TG), nukouHa kuceaura (UR AC), ca
u3BbpweHu Ha KAUHUYHO-XUMUYeH aHaauzamop AU
480, Beckman Coulter (USA) no opuauHaaHu npozpa-
MU C KOHBEHUUOHaAHU aHaAUMUYHUME NPUHUUNU Ha
uznoazBaHume memogu. LDL-C e uzuucaaBaH no cop-
myaama Ha Friedewald: LDL-C = Total Cholesterol - HDL
- (Triglycerides/2,2), koeamo mpuzaauuepugume He Hag-
Buwam 4,5 mmol/L. TukupaH xemoz2robuH (HbATC):
[MpuHUUN: umyHomypbugumempuueH mMemog Ha KAU-
HU4YHO-XuMuYeH aHaauzamop AU 480, Beckman Coulter
(USA). MukpoarbymuHypuama 6 24-yacoBa guypesa e
onpegeAaeHa C umyHomypbugumempuyeH memog Ha
aBmomamuueH KAUHUYHO-XUMUYEH aHaAauzamop AU
480, Beckman Coulter (USA).

M3caegBaru ca 6azaaHu HUBa Ha AymeuHu3upaw,
xopmoH (LH), dpoaukyaocmumyaupaw, xopmoH (FSH),
ecmpaguoa (E2), obw, mecmocmepoH (T), noroBu
- xopomoHu cBbp3Baw, 2r06yaun (SHBG), gexugpo-
enuaHgpocmepot-cyapam (DHEA-S), Angpocmen-
guoH (Androstendione, A4), AHmMu-MioaepoB xopmoH
(AMH), 17- xugpokcunpozecmepoH (17-OHPG), mu-
peocmumyaupaw, xopmoH (TSH), cepymeH npoaak-
muH (Prl), agpeHokopmukomponeH xopmoH (ACTH),
cympeweH kopmu3zoa (corisol 8h). M3uucaeHu ca:
LH/FSH, ungekc Ha cBobogHua mecmocmepoH (FAI),
uznoazBaHa e caegHama popmyAsa 3a U3YUCAEHUE:
Testosterone (nmol/l) x 100/ SHBG (nmol/l). KoHueH-
mpayuume Ha mecmocmepoHa ca NPeUu34UCAeHU om
ng/ml 8 nmol/l upe3 npenopbuaHua om cupmama
npou3zBogumea Ha mecm-Habopa KoedpuuyueHm F =
3,47, m.e. 1 ng/ml x 3,47 = 1 nmol/Il. KaakyaupaHu no
opmyaama Ha Vermeulen ca cBobogeH mecmocme-
poH (cFT) u buoHaauden mecmocmepon (bioT) (18).

Bcuuku KkAuHuuHO-A@abopamopHu  u3caegBanun
ca uzBopwenu 6 KauHuuna Aabopamopua Ha YM-
BAA ,CB. leopau” - EAA, MaoBguB. BeHozHama kpb6
3a AabopamopHume u3caegBaHua e B3umaHa npu
cmaHgapmuu ycaroBua - cympuH paHo, caeg 12-ua-
coB nepuog Ha HowHO 2ragyBane. V3caegBaHuama
npu »eHu ca u3zBbpwBaHu Bvb6 poaukyrapHa aza
Ha MEHCMPYaAHUA UUKbA (3-5-mu geH Ha cnoHmaHeH
MEHCMPYAAEH UUKbBA) UAU O 7-MU geH CAeg npoze-
CMepoH uHgyuupaHo omnagHo KbpBeHe. 3a Bcuuku
uzcaegBaHu nokazameau ce u3zBvpwBa cucmemer
BbmperabopamopeH KOHMPOA Ha kavecmBomo u
BbHWHa oueHka Ha kadecmBomo Ha pe3yamamume
ype3 yyacmue HaUUOHAAHU U MEXJUHapogHU nNpo-
2pamu, 3a koemo Aabopamopusma paznosaza CbC
cbomBemHume cepmudpukamu. KpbBma 3a kauHuu-
Ho-AabopamopHume u3caegBaHua e ocuzypeHa upes
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UrueBa-lepoBa, Mapus U. u compygHuyu

3amBopeHa cucmema 3a B83emaHe Ha Guoao2uueH
mamepuaa (Sarstedt S-Monovette Serym Z/2,7 ml;
Sarstedt S-Monovette K3 EATA /2,6 ml;). Cepymuu
KoHueHmpauuu Ha LH, FSH, E2, T, SHBG, Prl, A4,
DHEA-S, cortisol 8h, ACTH, TSH ca u3caegBanu upe3
UMUHOEH3UMEH aHaAU3 C XeMUAYMUHUCUEHMHa ge-
mekuyun, aHaauzamop: Access 2 Immunoassay System,
Beckman Coulter, Inc., US, 177OHPG ¢ umyHoeH3umeH
(ELISA) aHnaaus (ELISA Microplate Reader, SEAK, ltaly).
HuBama Ha AHmu-MiorepoB XopmoH (cepymHa KOH-
ueHmpauua) ca onpegeAeHu C napamazHUMeH UMmy-
HOEH3UMEH aHaAU3 C XeMUAYMUHUCUEHMHa gemeKuua
(CLIA), aHaauzamop: Access 2 Immunoassay System,
Beckman Coulter, Inc., USA.

AaHHume ca npegcmaBeHu ¢ memogu Ha ge-
ckpunmuBHama U UHpepeHMHa  CMamucCmuKu.
IMbpBoHauarHo koauvecmBeHume npomeHAuBu ca
mecmBaHu 3a HOPMAAHOCM Ha CMamucmMu4Yeckomo
pa3npegeaeHue upe3 mecma Ha LLlanupo-Yuak. Bcuu-
KU C HOPMaAHO pa3npegeaeHue ca OnUCaHU CbC Cpeg-
Ha apummemuyHa £ cmaHgapmHo omkAoHeHue (SD).
CpaBHeHusma mexkgy gBe 2pynu ca aHaAu3zupaHu ¢
t-mecm 3a HezaBucumu uzBagku. Mpu Aunca Ha HoOp-
MaAHO pa3znpegeAeHue gaHHUME ca onucaHu ¢ megu-
aHa u uimepkBapmuaeH pa3max (IQR). CpaBHeHuama
mexkgy e2pynume ca uzBbpweHu ¢ homowma Ha He-
napamempuvuHume mecmoBe Ha MaH-YumHu 3a gBe
He3zaBucumu epynu. Cmamucmuueckuam aHaAu3 Ha
gaHHume e u3BbpweH ¢ nomowma Ha SPSS v.26 3a
Windows (IBM Corp.,2019 2. Apmork, Hio Mopk: IBM
Corp). 3a Bcuuku mecmoBe p-cmodHocm <0,05 ce om-
Yyuma Kamo cmamucmuyecku 3Havuma. o omHowe-
Hue Ha gaHHUMe 6e3 napamemMpuyHO paznpegeAeHue,
KoeuuueHMbM Ha koperauua Ha CnupmbH (rho) e
u3znoa3zBaH, koz2amo auncBa HopmaaHO paznpegene-
HUe, a KopeAauuoHHUAmM kKoedpuyueHm Ha MupcoH (r)
€ U34UCAEH, NPU Me3U C HOPMAAHO pa3znpegeneHue.

Pesyamamu

CpegHama Bb3pacm Ha u3caegBaHume eHu e
30,04%5,82., kamo He ce ycmaHoBaBa 3Havuma pazauka
MeXgy nauueHmkume u koHmpoaume (31;82. cpewy
30;92., U=1276, p=0,140). Haauue e meHgeHUUa Kbm
no-Bucoko meaecHO mez2ao, HO Cbwo be3 pazaukume
C KOHMpOAHaMa 2pyna ga gocmuzHam cmamucmu-
yecka 3Hadumocm (64,8;14,7xe cpewy 61,95;13,3ke,
U=1544,50, p=0,875). AuncBa cuesHucpukaHmua pa3-
AUKa U Nno omHoweHue Ha TM npu cpaBHaBanume
2pynu >xeHu (23,31;4,93ke/m> cpewy 21,70;4,99ke/
m?, U=1321,50, p=0,305). XXenume cvbc 3Am1 ca c
no-zonama 0OUKOAKA Ha maaAusma (74,27%7,93 cm,
p=0,000) u noBuweHo omuoweHue T/X (0,75%0,12,
p=0,000) cnpamo 3gpaBume koHMpoau (66,18%5,12
cm, 0,68£0,08 cm, pecn.) npu cbnocmaBumu gaHHU 3a
obukoAakama Ha xaHwa (p=0,789). OcBex moBa, He
ce ycmanoBu pa3auka 6 nokazameaa T/P npu gBeme
2pynu >xxeHu (p=0,120) (Taba. 1). OuakBaHo, >xeHume

cbc 3AmT umam cuzHugpukamHo no-Bucoku HuBa
Ha HbA, (7,83%1,45% U=26, p=0,000) u kpbBHa 3a-
xap Ha 2aagHo (FBG) (7,49+2,51 mmol/l, U=523,50,
p=0,000) cnpamo 3gpaBume koHmpoau. CpegHama
eKkckpeuusa Ha arAbymuH B 244, guypesa npu >KeHu CbC
3Am1 e (9,7;14,30 mg/24) (Taba. 1).

Pesyamamume om npoBegeHume XOpMOHaAHU
uzcaegBarua npu xeHu cbe 3Am1 u 3gpaBu kKoHmMpo-
AU ca npegcmaBeHu Ha Tabauua 2.

YcmanoBuxme, ye 8 2pynama 3AmT ca cuzHu-
pukaHmHo no-Bucoku cnpamo KoHmMpoAHama 2pyna
HuBama Ha LH (7,86;4,92 IU/L cpewy 5,08;3,17 1U/L;
U=953,50, p=0,001) u cbomHoweHuemo LH/FSH
(1,04;1,04 cpewy 0,74;0,55; U=953, p=0,001), kakmo
uT(0,60;0,42 ng/mL cpewy 0,45;0.20 ng/mL; U=706,
p=0,000), FAI (3,52;6,92 cpewy 2,36%1,51; U=940,
p=0,003), cFT (0,006;0,008 ng/ml cpewy 0,005;0,003,
U=897, p=0,043), BioT (0,16;0.18 ng/ml cpewy
0,12;0,09 ng/ml, U=837,50, p=0,024) u A4 (3,41+1,24
cpewy 2,55%0,84 ng/mlL; U=480,50, p=0,004). XXeHu-
me cbc 3AmM1T ca cbC cmamucmuyecku 3Ha4UMo No-
Bucoku HuBa u Ha AMH (4,10;3,66 ng/ml, U=465,50,
p=0,040) cnpamo 3gpaBume koHmpoau. AuncBam
3HaYUMU pa3zAuku mexgy gBeme 2pynu >KeHu no
omHoweHue HuBa Ha DHEA-S (U=1232, p=0,336),
SHBG (U=1567,50, p=0,456), FSH (U=1839, p=0,085)
u E2 (U=1385,50, p=0,394). Bcuuku 120 >eHu ca ¢
gaHHU 3a HOPMONPOAAKMUHEMUA U HOPMaAHa mu-
peougHa (UHKUUA, NPU AUNCa HA CcMamucmuye-
CKU 3Hauyumu pazauku B HuBama Ha cbomBemHume
xopmoHu (U=1602, p=0,548, U=1249,50, p=0,104,
pecn.). B pedepeHmHu epaHuyu ca cmolHocmume
Ha 170HPG, nopagu koemo bewe u3KAloUYeHa KbCHa
opma Ha BpogeHa HagbbbpeuHo-kopoBa xunepnaa-
3ua (BHKX). He ce ycmanoBaBam cuzHugukaHmHu
pazauku B8 HuBama Ha 17OHPG mexgy gBeme 2pynu
»keHu (U=1366, p=0,551). Bcuuku yvacmHuuyku ca c
HOpMaAHU CMOUHOCMU U Ha cympeweH KOPpMuU30A U
ACTH, npu Aunca Ha pa3auka 8 HuBama um mexgy
mapzemHama u KoHmpoAHama 2pyna »keHu (U=1083,
p=0,072, U=1032, p=0,229, pecn.).

AHaauzupaxme Bpb3kama mexkgy aHmponomems-
puYHUME U XOPMOHAAHUME NOKa3ameAu Npu >KeHu
cbe 3AmMT. TToro)KumeAHa KopeAauua € HaAuue mMex-
gy NTM u A4 (rho=0.392, p=0.016), Kakmo u mexgy
A4 u omHoweHuemo T/X (rho=0,395, p=0,031). Mo-
mbpcuxme Bpb3ka u Mexgy 2AUKEMUYHUA KOHMPOA
U XOPMOHAAHUME OMKAOHEHUA NPU >KeHu cbC 3AmT.
HuBama na HbA . ca 8 npaBa cuznucpukaHmua
kopeaauua ¢ LH (rho=0,437, p=0,007) u LH/FSH
(rho=0,391, p=0,017). FBG KopeAupa NOAO>KUMEAHO C
FT (rho=0,372, p=0,023) u A4 (rho=0,393, p=0,018).
He ce goka3zaxa 3aBucumocmu Ha MUKpoarGymuHypusa-
ma c uzcaegBaHume XOpMOHU.

Mo3oBaBalku ce Ha kpumepuume Ha AMepukaH-
ckama guabemua Acouuauua (ADA) 3a mapeem Ha
2AUKemudeH KOHMpPOA (19), gonbAHUMEAHO pa3geaux-
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Tabauya 1. Tpyna 3Am1 xeHu Koumpoau xenu | P -value
AHMpPONOMEMPUYHU U Moxazamen (n=37) (n=83)
BuoxumuyHu nokazame- Bw3pacm (2)" 31;8 30;9 0.140™
AU NpU KeHU Coe 3AMT 1™ qe s 7o) 64.8;14.7 61.95;13.3 0.875"
u 3gpabu koHmpoau
UTM (k2/m2)* 23.31;4.93 21.70;4.99 0.305™M
Taaua (cm)* 74.27+7.93 66.18%+5.12 0.000**
XaHw (cm)* 98.29+8.92 97.69+8.12 0.789**
T/X* 0.75%0.12 0.68+0.08 0.000**
T/P* 0.45%£0.10 0.39+0.24 0.120**
* - meanSD ; HbA, _(%)* 7.83+1.45 4.7240.27 0.000**
- Tetest; FBG (mmol/l)* 7.49+2.51 5.03+0.35 0.000**
" Median; IQR; 24 U-ALB (mg/24)" 9.7:14.30 _ -
A Mann-Whithney U test .
pynu 3Am1 (n=37) | KoHmpoAau >xeHu P-value Tabauya 2.
lMokazamen (n=83)
XopMoOHaAHU
Median; IQR Median; IQR Mann-Whithney U test nokazameau Ha
LH (1U/L) 7.86;4.92 5.08;3.17 0.001 XKeHu cbe 3AmT u
FSH (mIU/ml) 6.18;2.22 6.91;2.43 0.085 3gpaBu koHmponu
LH/FSH 1.04;1.04 0.74;0.55 0.001
E2 (pg/ml) 51.70;21.55 45.70;23.10 0.394
T (ng/ml) 0.60;0.42 0.45;0.20 0.000
SHBG (nmol/L)* 64.04+30.25 67.60£22.11 0.456**
FAI 3.52;6.92 2.36;1.51 0.003
cFT (ng/ml) 0.006;0.008 0.005;0.003 0.043
BioT (ng/ml) 0.16;0.18 0.12;0.09 0.024
DHEA-S (pg/dl)* 226.18£104.48 | 201.62+72.74 0.336*
A4 (ng/ml)* 3.41+£1.24 2.55+0.84 0.004**
Prl (mU/L) 210.57;126.0 232.65;145.49 0.548
TSH (mU/L) 2.21;1.79 1.77:1.19 0.104
ACTH (pg/ml) 20.26;9.47 18.56;9.45 0.229
Cortisol 8h (nmol/L)* 371.56x£88.90 349.83+£101.82 0.072**
170HPG (ng/ml) 1.0;1.6 1.2;2.0 0.551 *. mean+SD,
AMH (ng/ml) 4.10;3.66 3.17;2,31 0.040 **- T-test

me >xeHume cbc 3AmT Ha gBe nogepynu cnopeg
HuBama - HbA <7% u HbA, >7,0%. Taxa, 32,4%
(n=12) >keHu ce npegcmaBam ¢ gobbp 2AuKemuveH
KoHmMpoa. OcmaHaaume 67,6% (n=25) He ca CbC 3a-
goBoAumereH KOHMPOA KbM MOMeHMa Ha npoBexkga-
He Ha u3caegBanuama. AaHHume om u3zBbpweHume
aHMPONOMEMPUYHU, aHAMHECMUYHU U BGUOXUMUYHU
uzcaegBaHua ca npegcmabenu Ha Tabauya 3.

He ce ycmanoBaBam cmamucmuyecku 3Hadyumu
pazAuku mexkgy gBeme nogzpynu >keHu cbe 3A no om-
HoweHue Ha Bb3pacm (30,0£6,33 2. cpewy 31,20+5,80
2., U=161, p=1,000), meano (64,62+12,18 ke cpeuwy

63,50+10,01 k2, U=146, p=0,911) u UTM (23,20;6,57 2/
m? cpewy 23,31;3,82 ke/m?, U=133, p=0,597). )KeHume ¢
HbA, >7,0% ouakBaHo ca cbc cmamucmuyecku 3Hauu-
Mo no-Bucoku HuBa Ha KpbBHa 3axap Ha 2AagHO CNPAMO
me3u ¢ HbA, <7,0% (U=231,50, p=0,007), no-Bucok 2au-
KupaH xemoz2naobur u (U=300, p=0,000), npu cbnocma-
Bumu HuBaza mukpoarbymurypua (U=140, p=0,761). N
gBe me nogepynuxeHu ce npegcmaBam cbc 3anaze-
Ha 6bbOpeuHa cpyHkuua u cbnocmaBumu HuBa Ha ypea
(U=156, p=0,860), kpeamuHun (U=160,50, p=0,737),
nukouHa KuceauHa (U=171, p=0,511) u ckopocm Ha 2A0-
mepyaHa cpuampauus (U=143,50, p=0,835).
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(n) 3Am1 xeHu 3Am1 xeHu Tabauya 3.
Mokazamen Hl()A_1C<7,0% HbA1c§7,0% P - value AHaMHECMUYHU U 6Uo-
n=12) (n=25) XUMUYHU nokKa3zameau
Buzpacm (2)* 30.0£6.33 31.2045.80 1.000** npu eru cec 3Am1
cnpamo HuBa Ha HbA,
Tezno (k2)* 64.63£12.18 63.50£10.01 0.911** </>7,0%.
UTM (k2/m2)" 23.20;6.57 23.31;5.59 0.597~"
Bb3pacm Ha guazHo3za (2)* 16.42+7.68 17.72+8.19 0.786™*
AaBHocm 3A (2)* 13.75+£10.24 13.80+7.43 0.886™*
OAA (E)* 49.83+21.57 56.40+14.81 0.227**
Ao3a/ke* 0.75+0.23 0.89+0.19 0.071**
TC (mmol/l) » 4.48;0.91 4.95:1.07 0.057°7
HDL-C (mmol/I) » 1.37;0.39 1.31;0.57 0.835™M
LDL-C (mmol/l) ~ 2.84:1.09 2.97:0.87 0.43277
TG (mmol/N)» 0.58;0.45 1.06;1.51 0.013M
Urea (mmol/H)* 4.55;1.5 4.40;1.7 0.860™M
Crea (pmol/l)* 60.5814.46 62.48+9.72 0.737 **
UR AC (pmol/I)* 219.33%46.37 |  236.80+66.54 0.511*
eGFR (ml/min/1,73m?)*|  101.56%8.02 100.03%17.69 0.835" ** - meantsD
FBG (mmol/)* 5.92+1.38 8.24+2.60 0.007** **_Totest ;
HbA, _(%)* 6.19+1.08 8.61£1.23 0.000** ~ - Median; IQR ;
U 24 ALB (mg/24)" 12.05;13.76 9.30;17.82 0.7617 ~ ‘t'\:;””‘Wh'th”e‘/ U

Mo omHoweHue Ha AunugHua npodpua - guabemuuku-
me ¢ HbA, >7,0% ca cbCc cmamucmuyecku 3Ha4umo
no-Bucoku HuBa Ha TG (p=0,015), npu conocmaBumu 3a
HDL-C (p=0,835) LDL-C (p=432) u c epaHuuHo HuBo Ha
3Hayumocm 3a TC (p=0,057), HO Hegocmu2awo Cu2HU-
(pukaHMHa pazauka.

CpaBHumeAHusm aHaau3 no omuoweHue B6b3-
pacmma Ha guazHocmuuupaHe (U=158,50, p=0,786),
gaBHocmma Ha 3A (U=154,50, p=0,886) u OAA un-
cyaur (U=187,50, p=0,227) e cbwo 06e3 cucHupu-
KaHMHU pa3zauku B gBeme nogepynu >keHu cbc 3AmT.
Bonpeku no-Bucokama go3a/ke meaecHO Me2A0 UH-
cyaun 6 nogepynama c HbA, >7,0%, pazaukume He
gocmueam cuz2HugpukaHmHocm (U=206, p=0,071).
XopmoHaaHUmMe nokazameau Ha gBeme nogepynu
>keHu ca npegcmaBeru 8 Tabauua 4. B nogepynama
HbA, >7,0% ce 3ana3zBam 3aBuwenume HuBa Ha LH
(8,32;4,92, U=244, p=0,002) u omHoweHue LH/FSH
(1,10;1,05, U=217, p=0,030) cnpamo nogepynama c
HbA, <7,0%. He ce ycmanoBabam cmamucmuuecku
3HAYUMU pPa3AuKu no omHoweHue Ha FSH(U=153.50,
p=0,911), E2 (U=136, p=0,666), T (U=144,50, p=0,860)
u SHBG (U=137, p=0,689). CbnocmaBumu ce om-
yumam u3uvucreHume FAl (U=161, p=0,737), cFT
(U=143, p=0,835), BioT (U=147, p=0,934). He ce go-
kazBam u cmamucmuyecku 3HaYuMU pazauku 6 HuBa-
ma Ha aHgpozeHume: DHEA-S (U=147, p=0,936) u A4

(U=134,50, p=0,620). XetHume om gBeme nogepy-
nu He ce pazauuaBam no cpegHu cmoluHOCMU Ha
TSH (U=168, p=0,575), FT4 (U=159,50, p=0,761) u
FT3 (U=145, p=0,483). HuBama Ha npoaakmuHa ca
6 Hopma Npu Aunca Ha cmamucmuyecku 3Havuma
pa3auka 8 nokazameaa npu gBeme nogepynu gua-
6emuuku (U=111,50, p=0,215). XXeHume om gBeme
nogepynu He ce omaudaBam u no HuBa Ha AMH
(U=121,50, p=0,360), 170HPG (U=137, p=0,689),
ACTH (U=186,50, p=0,156) u cympeweH KOpMu30A
(U=181, p=0,142).

Obcbrkgane

XKenume cvc 3Am1 8 penpogykmuBHo akmuBHa
Bv3pacm nokazBam no-Bucoku HuBa Ha Bcuuku uz-
cregBaHu nokazameau Ha XxunepaHgpo2eHU3bM Cnps-
Mo cbomBemuume no Bb3pacm 3gpaBu KoHMpoAU,
a 2AuKupaHuam xemoz2aobuH e B cueHudpukaHmHa
npaBa Bpb3ka c HUBama Ha LH u omHoweHuemo LH/
FSH. Caeg nogpazgeaaHe Ha guabemuukume Ha gBe
nogepynu cnpamo HuBa Ha 2AUKUpaH Xemo2A0LUH
</>7,0%, ce 3ana3Ba Bpb3kama Ha nokazameaa C no-
Buwernume HuBa LH u omHoweHuemo LH/FSH camo
8 nogepynama HbA, >7,0%.

Aaau nbpBouzmouHUKbM Ha Yacm om penpogyk-
muBHume HapyweHua npu 3AmT e xunomaaamycbm
uAU xunocpuzama e BbnNpoc Ha Wupok HayveH gebam.
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Tabauuya 4.
(n) | 3Am1, HbA, <7,0% | 3Am1, HBa, >7,0%
XOpMOHaAHU noka- Moxazame (n=12) (n=25) P-value
zi?g/,XJmn1p(L:In>g§:\g Median; IQR Median; IQR Mann-Whithney U test
HuBa Ha HbA LH (1U/1) 4.91;3.57 8.32;4.92 0.002
</27,0%. FSH (mIU/ml) 5.87;2.19 6.24;2.51 0.911
LH/FSH 0.83;0.55 1.10;1.05 0.030
E2 (pg/ml)* 50.75+7.22 50.97+17.30 0.666**
T (ng/ml) 0.61;0.30 0.60;0.48 0.860
SHBG (nmol/l)* 67.04+32.95 62.61+29.47 0.689**
FAI 3.13,7.78 3.64:6.77 0.737
cFT (ng/ml) 0.007;0.012 0.006;0.008 0.835
BioT (ng/ml) 0.16;0.26 0.16;0.18 0.934
Prl (mU/I) 238.68;197.90 210.57;104 0.215
TSH (mU/I)* 2.20+1.13 2.44%1.21 0.575**
FT, (pmol/l) 10.89+1.48 11.05%1.63 0.761**
FT, (pmol/l) 4.13;0.53 4.09;0.56 0.483
DHEA-S (ug/dl)* 229.684116.35 224.50+100.81 0.936**
A4 (ng/ml)* 2.88+1.54 3.0240.62 0.620**
170HPG (ng/ml) 0.95;1.9 1.1;1.6 0.689
AMH (ng/ml) 4.23;2.99 4.86;2.98 0.360
“meantSD: ACTH (pg/ml)* 19.6246.29 23.96+9.30 0.156*
** . T-test; Cortisol 8h (nmol/l)* 336.28+104.31 387.07+78.55 0.142**

bazarHume koHueHmpauuu Ha LH u FSH npu >xeHu
cbc 3Am1 obuvalHo He ce omauvaBam om me3u
Ha 3gpaBume koHmpoau (20,21). Djursing u cemp.
(22,23) HacouBam BHumMaHuemoO Kbm >KeHUme CbC
3AmT u ameHopen, KOUMO ca C HUCKU U3XOgHU HuBa
Ha LH u noHukeH omz2oBop Kbm eK302eHHO NPUAOXKE-
Hue Ha GnRH. Grossman u cbmp. (24) cbobwaBam 3a
HopmareH LH omezoBop, a South u comp. (25) 3a noBu-
weH makbB kbm ek3zozeHeH GnRH, nogobeH Ha mo-
3UNpu >KeHU C XUNepnpoAakmMuUHeMUs UAU aHOpeKcuA
HeBpo3a. PazauuHuam omeoBop Ha LH kbm ex3oee-
HeH GnRH HacouBa BHumaHuemo Kbm xunomaaamyca
kKamo nbpBouzmouHuk Ha penpogykmuBHume Hapy-
weHua npu >xxeHu cbe 3Am1 (20,25). NpomeHeHuam
LH omzoBop npu ek3ozeHHo npuroxkeHue Ha GnRH
MoXe ga ce gbakam Ha noBuweHume HuBa Ha KpbB-
Ha 3axap (26), UHCYAUHONEHUAMA per se U NPOYbAXKU-
meAHocmma Ha 3aboaaBaHemo (27).

Peguua aBmopu gemoHcmpupam KAUHUYHA U/
UAU BUOXUMUYHA XUNEepaHgPO2EHEMUA NPU XKEHU CbC
3Am1. INpuema ce, ye aHgpPO2EHHUAM eKCUeC Npu >Xe-
Hume cbc 3Am1 e ocHoBHO om oBapuaseH Npou3xog,
mbl kamo omezoBopume Ha agpeHaAHUMe aHgPO2EH-
HuU npekypcopu kbm ACTH - cmumyaayuoHHume me-
cmoBe ca nogobHu Ha me3u npu 3gpabu >keHu (28).

CmumyaupaHa e LH meguupaHama aHgpozeHHa CuH-
me3a 6 atuHuka om uHcyauHa. [pu cueHUPUKAHMHO
3aBuwenu HuBa Ha A4 6 Hawemo npoyuBaHe, HuBa-
ma Ha DHEA-S npu gBeme 2pynu »xeHu ca cbhocma-
Bumu. ConocmaBumume HuBa Ha DHEA-S mexkgy gua-
6emuyku u 3gpabu kKoHmpoaAu 68 Hawemo npoyuBare
ce aBaBa B nogkpena Ha nocoyeHUMe gaHHU.

INpe3 2006 2. Codner u comp. (29) ycmaHoBaBam
no-Bucoku HuBa Ha oBwua cepymeH mecmocmepoH,
A4 u 170HPG npu »xeHu cbc 3AmT npu cbnocma-
Bumu HuBa Ha SHBG, DHEA-S, FSH, LH, LH/FH E2.
Bb3zpacmma Ha omkpuBaHe Ha 3aboaaBaHemo, 2au-
KemMu4YHUAM KOHMPOA, cpegHama uHcyauHoBa go3a u
npogbAaKumMeAHocmma Ha 3aboanBaHemo He noBaus-
Bam cmamucmuyecku 3Ha4uMO pe3zyamamume (29).
B mawemo npoyuBane HuBama na HbA, , obaue, ca
8 npaBa koperauyua ¢ LH u LH/FSH, a kpbBHama 3a-
Xap Ha 2AagHO Kopeaupa noAo>kumeaHo ¢ cFT u A4.
Xunepaaukemuama noBauaBa  penpogykmuBHama
cucmema no gBa ocHoBHU mexaHu3ma. [MopBuam e
cBbp3aH ¢ uHcyauHoBama pezucmeHmuocm, Bmo-
PUYHO Ha 2AlOKO3HamMa mokcu4yHocm, a Bmopuam e
ype3 noBuweHo obpa3zyBaHe Ha kpalHu Npogykmu
Ha 2AUKUpaHemo.

Caeg nogpazgean Ha 2pynama 3Am1 Ha gBe nog-

Endocrinologia vol. XXVIII Ne2/2023



UnueBa-lepoBa, Mapus U. u compygHuyu

2pynu cnpamo HuBa Ha 2AUKUPaH Xemo2A00UH, He ce 3ana-
3U No-20AAMama yecmoma Ha GuoxumuuHa xunepaHgpo-
2enemun 6 nogepynama 3Am1 c HbA, >7,0%.

[Mpu no-2oAama yecmoma Ha XunepaHgpO2eHU-
3bM Npu XXeHu cbe 3Am1, eguHcmBeHuam gpakmop 3a
moBa ce aBaBa uHmMeH3UPUUUPAHOMO UHCYAUHOAE-
yeHue (30). ITM, 2aukupaHuam Xemo2A00UH, Hayao-
mo Ha 3aboraBaHemo npegu meHapxe He noBauaBam
cbwecmBero kakmo noBuweHume HuBa Ha aHgpoze-
Hume. Makap HuBama Ha 2AuKUpaH Xemo2A00uH ga
ca cpaBHumearo Bucoku 6 uumupaHomo npoyuBaHe
(8,61£0,3%), uzerexkga moBa HAMa omHoweHUe KbMm
oBapuaaHume aHgpozeHu (30).

Cnopeg gpyao npoyuBaHe, xunepaHgpo2eHHuUme
U HopMoaHgpozeHHUMe guabemuyku umam cbnocma-
Bumu nuBa Ha HbA, (7,4+1,2% cpewy 7,8+1,2%),
Kamo He e ycmaHoBeHa pa3zauka B cpegHama gHeB-
Ha uHcyauHoBa go3za (p=0.185), kKakmo u KopeAauus
Ha XOPMOHAAHU U memaboAumHU noka3ameAu u npu
gBeme epynu »xeHu (31). AHaroz2u4Ho, B Hawemo npo-
yuBaHe He ce ycmaHoBu cuz2HuukaHmHa pasauxku 6
gaBHocmma Ha 3aboaaBaHemo u npuAazaHume UHCY-
AuHOBU go3u mexgy gBeme nogepynu guabemuuku,
KaKmo U KopeAauusa Ha XOPMOHaAHU C memaboAumHu
nokazameau.

Haauue ca noBuweHu HuBa Ha aHgpoezeHu npu
>KEeHU CbC 3Am1, HO me He KopeAupam € 2AUKeMUYHUA
KOHMPOA U NpuAaz2aHume uHcyauHoBu go3u u cnopeg
gpye koaekmuB (32).

ABeme nogepynu guabemuuku ca CbC Cbnocma-
Bumu HuBa Ha AMX 8 Hawemo npoyuBane. Al Khafaji u
cvmp. (33) goka3zBam cu2HudpukaHmMHO no-Hucku HuBa
Ha AMH npu guabemuuku (p=0,000) ¢ no-Bucok 2au-
KupaH xemo2r06uH (p=0,000) cnpamo 3gpaBu koHmpo-
AU, @ 3Am1 ce aBaBa HezaBucum puckoB akmop 3a
Huckume HuBa Ha xopmoHa npu >xeHu B penpogykmuB-
HO akmuBHa Bb3pacm B maxHomo npoyuBane. C no-
gobHu pe3yamamu e u npoyyuBaHemo Ha Kadirogullar:
u comp. (34) om 2019 e. V3caegBanu ca 42 >keHu cbe
3Am1 u 65 3gpabu koHmpoau. HuBama na AMH u AFC
ca No-HUCKU npu >keHu c¢be 3A mun 1 (p=0,001), kamo
BAroweHuam 2AaukemudeH KoHmMpoa okazBa cuzHudu-
kamHo BauaHue Bbpxy HuBama Ha AMH (34).

XKenume cbc 3AmT umam cbnocmaBumu meaao,
VTM u T/P, Ho ca c no-2oAama 0OUKOAKA HA maAuama
u umam noBuweHo omHoweHue T/X B cpaBHeHue cbe
cvomBemHu no Bb3pacm kauHuuHO 3gpabu >KeHu,
koemo noBuwaba pucka om pazBumue Ha memabo-
AUMEH CUHgPOM NpuU Max. Pa3AudHuU UHgEKCU U OMHO-
weHusa ce uznoa3zBam 3a oueHka Ha pucka om pa3Bu-
mue u npozpecua Ha 3axapeH guabem u cBbp3aHua
¢ He2o kapugomemaboaumen puck. ITM e egud om
HaU-yecmo u3noazBaHume B exxegHeBHama KAUHUYHA
npakmuka 3a CKpuHuH2 Ha 3amabcmaBaHemo, Ho mod
He e nokazamea 3a pa3epaHuvaBaHe Ha MyckyaHa om
macmHa mukaH (35). Obukoakama Ha maausma Kope-
Aupa no-gobpe ¢ abgomuHaaHama mMacmHa MbKaHu u

yecmo cAyKu 3a oueHka Ha CC puck (35). OmHowe-
Huemo T/X ce uznoa3Ba 3a HagexxgHa ougHKa Ha npe-
paznpegeAeHUEeMoO Ha macmHama mbkaH 68 maromo
u onpegeasaHe 3amabcmaBaHemo, Kamo CAYXU U 3a
HeuHBazuBHa oueHka Ha CC puck (36). B cBemoBHa-
ma Aumepamypa ce HampynBam Bce noBeue gaHHu
3a noBuweHa yecmoma Ha memaboAumeH CUHgPOM
(MC) cpeg nauueHmume cbvc 3Am1 (37).

B Hacmoawemo npoyuBaHe ce ycmaroBuxa
no-Bucoku HuBa Ha mpuaauuepugu 8 nogepynama Ha
xeHu cve 3Am1 ¢ HbA, >7,0%, npu cbnocmaBumu
3a 0OCMaHaAume noka3ameAu Ha AUNUGHUA NPOCUA C
nogepynama >keHu ¢ HbA, <7,0%. Xunepmpuzauuepu-
gemusn, noBuweru HuBa Ha LDL-C u non HDL-C yecmo
ce HabatogaBam npu BroweH memaboaumeH KOHMPOA
npu Auua cbc 3Am1, ocobeHo npu HbA1C>7,5% (38).
BmopuuHo Ha uHcyauHoBua gedpuuum ce obacHaBa
Xunepmpuzauuepugemuama kamo pe3yamam Ha noBu-
weHa npogykuua Ha VLDL om no-zonamomo KoAuye-
cmBo yupkyaupawu koaudecmBo cB8obogHU MacmHu
KuceAuHu (39). HamaaeH KAubpbHC Ha hocmnpaHguan-
Hu Sf 100-400 AunonpomeuHu (xuaomukpoHu + VLDL)
ca HabatogaBaHu npu paguou3zomonHo u3caegBaHe,
npoBegeHo cpeg navueHmu cbc 3AMT U AOW 2AUKEMU-
yeH KoHmMpoA (40). O6cepBuparume noBuweru HuBa
Ha LDL-C npu Aow 2AukemuyveH KOHMpPOA ce gbAkam
Ha noBuweH mpaHcgep om VLDL kbm IDL u om IDL
kbm LDL 6 pesyamam Ha noBuwenua VLDL (39).

[pu nauueHMu C ONMUMAAEH 2AUKEMUYEH KOH-
mpoa HuBama Ha mpuaauuepugu u LDL-C ca HopmaaHu
uAU A€o HamaaeHu. OBcb>Kga ce nepudepHa XunepuH-
cyauHemua B pezyamam Ha NOGKOXKHOMO NPUAOXKE-
HUe Ha UHCYAUH, koamo pe3yamupa 6 noBuwen VLDL
memaboauzbm u noBuweHa ekcnpecua Ha LDL-peuen-
mopu kamo Bb3MOXKHO 0bacHeHuUe 3a HabAogaBaHu-
me npomeHu B macmHua npodpuA npu Auua cbe 3Am1
C ONMUMAaAEH 2AUKeMuYeH KOHMpoA (41).

CvobwabBa ce 3a noBuwabare ¢ 0,107 MMOA/A
3a TC, 0,052 mmoa/a 3a TG, 0,103 mmoa/a 3a LDL-C u
0,129 mmol/l 3a non HDL-C 3a Bcako nokauBare Ha
HbA, . c 1% (42). Guy u comp. (43) anaauzupam 512
navueHmu cbc cpaBHumeaHa kpamka gaBHocm Ha
3Am1 - 4,2 2oguHu. Auyama c 2AUKUpaH XeMO2A00UH
>7,5% ce npegcmaBam cbC cu2HUUKAHMHU OMKAO-
HeHua B AunugHuUAa NpoPuUA, gokamo me3u ¢ gobbp
2AUKEMUYEH KOHMPOA umam cbnocmaBumu HuBa Ha
TC, LDL-C u non HDL-C c koHmpoaAume.

B 3akaroqenue, xxenume coc 3Am1 c HbA, >7,0%
umMam CXOgHU aHMPONOMEMPUYHU U aHaMHEeCMUYHU
(kacaewu guabema) gaHHU C me3u npu guabemuu-
Kume ¢ gobbp 2AaukemudeH KoHmpoa (HbA, <7,05).
Bbnpeku Auncama Ha no-Bucoka yecmoma Ha 6uo-
XUMUYHa xunepaHgpozeHemua HuBama Ha LH u om-
HoweHuemo LH/FSH ca no-Bucoku 6 nogepynama
c HbA, >7,0% cnpamo nogepynama c HbA, <7,0%,
Koemo e Ba)kHO C 02Aeg UAAOCMHUA gUA2HOCMUYEH U
mepaneBmuyeH NOgxog Npu Me3u nauueHmMKuU.
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Reproductive function is of great importance for the individual and depends on the subtle mechanisms of regu-
lation and interaction between the hypothalamus, the pituitary gland and the gonads, united in the hypothalamic-pi-
tuitary-gonadal axis (HHG). Well known, initially in animals and later in humans, is the association between metabolic
and reproductive processes. In patients with type 1 diabetes mellitus (DMt1), the etiopathogenesis of the disease,
insulin treatment, monitoring and regular correction of the metabolic control, alone or in combination have an influ-
ence on the HHG axis and contribute to some of the observed disturbances in women of reproductive age.

Aim of the study: To evaluate the relationship between glycemic control and hormones of the HHG axis in
women with DMt1 of reproductive age.

Materials and methods: The study included 37 women with TIDM and 83 clinically healthy women serving as
a control group. A detailed medical history was obtained regarding duration of the disease, total daily insulin dose
(DID) and insulin dose per kilogram of body weight (dose/kg). All participants were examined for anthropometric and
some biochemical parameters - weight, waist circumference, waist to hip ratio (WHR), waist to height ratio (WHtR),
fasting blood glucose (FBG), glycated hemoglobin (HbA, ), microalbuminuria (U-ALB), urea (Urea), creatinine (CREA),
uric acid (UR AC), total cholesterol (TC), HDL cholesterol (HDL-C), triglycerides (TG), as well as basal levels of lutein-
izing hormone (LH), follicle-stimulating hormone (FSH), estradiol (E2), testosterone (T), sex-hormone binding globulin
(SHBG), dehydroepiandrosterone sulfate (DHEA-S), androstenedione (A4), Anti-Mullerian hormone (AMH), prolactin
(Prl), thyroid-stimulating hormone (TSH), adrenocorticotropic hormone (ACTH), morning cortisol (corisol 8h), 17 - hy-
droxyprogesterone (17-OHPG). BMI, waist to height ratio (WHtR), waist to hip ratio (WHR), LH/FSH, free androgen
index (FAI), calculated free (cFT) and bioavailable testosterone (BioT) were calculated.

Results: Women with DMt1 had significantly higher levels of LH (U=953,50, p=0,001) and the LH/FSH ratio
(U=953, p=0,001), as well as T (U=706, p= 0,000), FAI (U=940, p=0,003), cFT (U=897, p=0,043), BioT (U=837,50,
p=0,024), A4 (U=480,50, p=0,004) and AMH (U=465,50, p=0,040) compared to healthy controls. When further
dividing the DMTt group into two subgroups according to glycated hemoglobin levels (HbA, </>7,0%), elevated
LH levels (8,32;4,92, U=244, p=0,002) and LH/FSH ratio (1,10;1,05, U =217, p=0,030) were preserved only in the
subgroup with HbA, >7,0% with comparable levels for the other examined hormones: FSH (U=153,50, p=0,911),
E2 (U= 136, p=0,666), T (U=144,50, p=0,860), SHBG (U=137, p=0,689), DHEA-S (U=147, p=0,936), A4 (U=134,50,
p=0,620), T70HPG (U=137, p=0,689) , AMH (U=121,50, p=0,360), ACTH (U=186,50, p=0,156) and morning cor-
tisol (U=181, p=0,142). Calculated FAI (U=161, p=0,737), cFT (U=143, p=0,835), BioT (U=147, p=0,934) were also
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without significant difference between the two subgroups. Normoprolactinemia and euthyroid function were present

in all participants.

Conclusion: Women with type 1 diabetes in reproductively active age have higher levels of all investigated param-
eters of hyperandrogenism compared to age-matched healthy controls, while those with impaired metabolic control
- HbA, >7,0% maintain higher levels of LH and LH ratio /FSH compared to the subgroup with HbA, <7,0%, but there
were no significant differences in the other indices of the HHG axis, as well as the additionally examined hormones.

Key words: diabetes mellitus type 1, glycated hemoglobin, metabolic control, HHG axis.

Introduction

Prior to the invention of insulin patients with type
1 diabetes mellitus suffered from hypogonadism and
infertility (1). Insulin therapy ensures improvement of
the reproductive disturbances of the patients, however,
some of them still present. The main reproductive dis-
turbances observed in female patients with DMt1 are
as follow (2):

1. Hypothalamic anovulation/amenorrhea;

2. Shortened reproductive period - later menarche
and earlier menopause;

3. Menstrual cycle disturbances (oligomenorrhea,
amenorrhea, polymenorrhea);

4. PCOS like phenotype - hyperandrogenism and
anovulation in the course of insulin treatment;

5. Autoimmune irregularity - increased anti-ovari-
an antibodies. As far as the link between glycemic con-
trol and insulin treatment and those particular distur-
bances is concerned, the literature is controversial.

The invention of insulin and the subsequent
treatment in DMt1 patients was revolutionary and
has saved millions of lives worldwide. Insulin treat-
ment continues to provide benefits for diabetic pa-
tients. In the 1940’s the incidence of hypogonado-
tropic hypogonadism reached 90% (3), gradually
decreasing in following years to 30% (4), dropping
to 8.2% during the 1990s (5). The use of insulin ana-
logues and insulin pumps results in improvement of
glycemic control (6). This is especially important for
children and young diabetic patients (7). Optimised
glycemic control ensures prevention of long term
diabetic complications - nephropathy, proliferative
retinopathy and cardio-vascular diseases (8).

Is it the insulinopenia per se, which is leading in
DMt1, or some more factors affects the HHG axis, is a
subject of active scientific research. In rats, parenteral
administration of streptozotocin (STZ), which induces
severe insulinopenia and resembles poorly controlled
DMt1, causes severe hypogonadotropic hypogonad-
ism in both males and females, with low levels of go-
nadotropins and sex steroids, reduced LH pulsatility,

and impaired feedback (9). In female rats, a delayed or
absent preovulatory LH peak and anovulation were ob-
served, and the disturbances were partially reversible
after short-term insulin treatment (10).

However, what is the relation between glycemic
control and hormonal changes when talking about the
hypothalamic-pituitary axis? Physiologically, when the
pancreas secretes insulin into the portal system, the
liver is the organ exposed to the highest insulin con-
centrations and eliminates a significant portion of the
secreted insulin (11). In patients with DMt1, subcuta-
neous insulin administration escapes this first pass ef-
fect of the liver and exposes the peripheral tissues to
increased insulin doses (12). The optimal glycemic con-
trol and the intensified insulin treatment ensures long
term prevention of diabetic complications, but some-
times results in supraphysiological insulin doses. There-
fore, the amount of subcutaneous insulin necessary to
achieve that concentration in the portal system which
is sufficient to suppress endogenous glucose produc-
tion by the liver, results in increased insulin levels in the
systemic circulation. The latter leads to increased expo-
sure of the ovary to insulin action, potentially favoring
androgen synthesis in the ovaries (13).

Hyperglycemia is another important factor, affect-
ing reproduction in DMt1. Some authors describe de-
creased LH secretion in response to exogenous GnRH,
with DM duration and hyperglycemia correlating with
these changes. Hyperglycemia stimulates apoptosis
and impairs GnRH secretion (14). High blood glucose
levels adversely affect ovarian function through ad-
vanced glycation end products (AGEs) (15). Non-enzy-
matic glycation of proteins, hyperglycemia and altered
microcirculation as well as increased levels of vascular
growth factor (VGF) are among the contributors for the
earlier depletion of the ovarian reserve (16).

The aim of our study was to evaluate the impact
of glycemic control on the parameters of the HHG axis
in women with DMt1 of reproductive age and to eval-
uate the relationship between the hormonal and some
anamnestic and biochemical indices based on a com-
parison with clinically healthy women.
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Materials and methods

We performed a cross-sectional, observational,
case-control study in 37 women with DMt1 and 83
clinically healthy women of reproductive age. The
study was conducted at the Clinic of Endocrinology
and Metabolic Diseases at the University General
Hospital ,Sveti Georgy” - Plovdiv in the period Jan-
uary 2018 - December 2020. All participants had
given their written consent in accordance with the
Declaration of Helsinki, as the study was approved
by the Scientific Ethics Board of the Research Coun-
cil at the Medical University - Plovdiv.

Inclusion criteria for the study were lack of:
type 2 diabetes, pregnant and lactating women,
the presence of heart, respiratory, renal or hepatic
failure, presence of acute decompensation of the
metabolic disease at the time of the study and treat-
ment of chronic concomitant pathology that could
affect hormonal indices.

A detailed history was taken regarding DMt1:
age of diagnosis, duration of the disease, total dai-
ly insulin dose (DID), insulin dose per kilogram of
body weight (dose/kg). The following anthropomet-
ric measurements were also performed: weight (W),
height (H), waist, hip, calculated waist to height
ratio (WHtR), waist to hip ratio (WHR) and body
mass index (BMI) according to the standard formula
(17). Clinical-chemical parameters were also stud-
ied: fasting blood glucose (FBG), urea (Urea), cre-
atinine (CREA), total cholesterol (TC), HDL choles-
terol (HDL-C), triglycerides (TG), uric acid (UR AC),
The clinical and chemical indices were performed
on a clinical chemistry analyzer AU 480, Beckman
Coulter (USA) according to original programs with
conventional analytical principles of the used meth-
ods LDL-C was calculated according to the Frie-
dewald formula: LDL-C = Total Cholesterol - HDL
- (Triglycerides/2,2), when triglycerides do not ex-
ceed 4,5 mmol/L. Glycated hemoglobin was tested
by turbidimetric immunoinhibitory method on clin-
ical chemistry analyzer AU 480, Beckman Coulter
(USA). Microalbuminuria in 24-hour diuresis was
determined by an immunoturbidimetric method on
the automatic clinical chemistry analyzer AU 480,
Beckman Coulter (USA).

Basal levels of luteinizing hormone (LH), fol-
licle-stimulating hormone (FSH), estradiol (E2), to-
tal testosterone (T), sex-hormone binding globulin
(SHBG), dehydroepiandrosterone sulfate (DHEA-S),
androstenedione (Androstendione, A4), Anti-Mul-
lerian hormone (AMH), 17-hydroxyprogesterone
(17-OHPG), thyroid-stimulating hormone (TSH), se-
rum prolactin (Prl), adrenocorticotropic hormone
(ACTH), morning cortisol (corisol 8h) were studied.

Calculations were also performed: LH/FSH,
Free Testosterone Index (FAI), the following formu-
la was used: Testosterone (nmol/l) x 100/ SHBG
(nmol/l). Testosterone concentrations were recalcu-
lated from ng/ml to nmol/l using the test kit manu-
facturer's recommended coefficient F = 3,47, i.e. 1
ng/ml x 3,47 = 1 nmol/Il. Free testosterone (cFT) and
bioavailable testosterone (bioT) were calculated us-
ing the Vermeulen formula (18).

All clinical and laboratory testing was studied
in the Central Clinical Laboratory of UMBAL ,St.
Georgi” - EAD, Plovdiv. Venous blood for laborato-
ry tests were collected under standard conditions
- early in the morning, after a 12-hour overnight
fasting period. Studies in women were performed
in the follicular phase of the menstrual cycle (days
3-5 of a spontaneous menstrual cycle) or up to day
7 after progesterone-induced bleeding. Systematic
intra-laboratory quality control and external assess-
ment of the quality are carried out for all investigat-
ed parameters through the participation of national
and international programs, with the necessary labo-
ratory certificates present. Serum concentrations of
LH, FSH, E2, T, SHBG, Prl, A4, DHEA-S, cortisol 8h,
ACTH, TSH were studied by enzyme-linked immu-
nosorbent assay with chemiluminescent detection,
analyzer: Access 2 Immunoassay System, Beckman
Coulter, Inc., US, T7OHPG by enzyme-linked immu-
nosorbent assay (ELISA) (ELISA Microplate Reader,
SEAK, Italy). Anti-Mdiillerian hormone levels (serum
concentration) were determined by chemilumi-
nescent detection paramagnetic enzyme analysis
(CLIA), analyzer system: Access 2 Immunoassay
System, Beckman Coulter, Inc., USA

Descriptive and inferential statistics were per-
formed. Continuous variables were first tested for
normality of statistical distribution by the Shapiro-
Wilk test. All normal distribution measurement data
are expressed as the meanzstandard deviation
(SD). Comparisons between two groups were anal-
ysed with Student’s t-tests for independent samples.
The non-normally distributed data were expressed
as median and interquartile range. Comparisons be-
tween groups were carried out with use of the non-
parametric Mann-Whitney test for two independent
groups. Regarding the data without a parametric
distribution, Spearman’s rho correlation coefficient
was used for non-normally distributed and Pearson
correlation (r) was applied when they were normal-
ly distributed data. Statistical analysis of the data
was performed using SPSS v.26 for Windows (IBM
Corp. Released 2019. Armonk, NY: IBM Corp). For
all tests p-value <0,05 indicated the statistical sig-
nificance.
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Results

The mean age of the examined women was
30,04+5,8 years, and no statistically significant dif-
ference was found between patients and controls
(31,8 years vs. 30;9 years, U=1276, p=0,140). There
was no significant difference in terms of BMI in the
compared groups of women either (23,31;4,93 kg/
m2 vs. 21,70;4,99 kg/m?, U=1321,50, p=0,305).
Women with DMt1 had a larger waist circumfer-
ence (74,27£7,93cm, p=0,000) and increased WHR
(0,75%0,12, p=0,000) compared to healthy controls
(66,18+5,12 cm, 0,68+0,08 cm, resp.) with compara-
ble hip circumference (p=0,789). In addition, no dif-
ference was observed in the WHtR in the two stud-
ied groups (p=0,120) (Table 1). As expected, women
with DMt1 had significantly higher levels of HbA,_
(7,83+1,45% U=26, p=0,000) and FBG (7,49%2,51
mmol/l, U=523,50, p=0,000) compared to healthy
controls. The mean excretion of albumin in 24h. diure-
sis in DMt1 group was (9,7; 14,30 mg/24) (Table 1).

The results of the hormonal testing are present-
ed in Table 2.

Women with DMt1 had significantly higher levels
of LH (7,86;4,92 IU/L vs. 5,08;3,17 IU/L; U=953,50,
p=0,001) and LH/FSH ratio (1,04;1,04 vs. 0,74;0,55;
U=953, p=0,001), as well as T (0,60;0,42 ng/mL vs
0,45;0,20 ng/mL; U=706, p=0,000), FAI (3,52;6,92 vs
2,36%1,51; U=940, p=0,003), cFT (0,006;0,008 ng/
ml vs 0,005;0,003, U=897, p=0,043), BioT (0,16;0,18
ng/ml vs 0,12;0,09 ng/ml, U=837,50, p=0,024),
AMH (4,10;3,66 ng/ml, U=465,50, p=0,040) and A4
(3,41+1,24 vs. 2,55+0,84 ng/mL; U=480,50, p=0,004)
compared to healthy controls. There were no signifi-
cant differences between the two groups of women
regarding levels of DHEA-S (U=1232, p=0,336), SHBG
(U=1567,50, p=0,456), FSH (U=1839, p=0,085) and
E2 (U= 1385,50, p=0,394). All 120 women had nor-
moprolactinemia and euthyroid function, with no sta-
tistically significant differences in the hormonal lev-
els (U=1602, p=0,548, U=1249,50, p=0,104, resp.).
The values of 17OHPG are within reference range,
therefore a late onset congenital adrenal hyperplasia
was excluded. No significant differences were found
in the levels of 1T77OHPG between the two groups
(U=1366, p=0,551). All participants had normal val-
ues of morning cortisol and ACTH, with no difference
in their levels between the diabetic and the control
group (U=1083, p=0,072, U=1032, p=0,229, resp.).

We analyzed the relationship between the an-
thropometric and hormonal indices in women with
DMt1. A positive correlation was demonstrated be-
tween BMI and A4 (rho=0,392, p=0,016), as well as
between A4 and the WHR (rho=0,395, p=0,031).

With respect to glycemic control, a significant

positive correlation of HbA . with both LH
(rho=0,437, p=0,007) and LH/FSH (rho=0,391,
p=0,017) was observed. FBG correlated positively
with cFT (rho=0,372, p=0,023) and A4 (rho=0,393,
p=0,018).

Referring to the American Diabetes Association
(ADA) for glycemic control targets, criteria (19), we
further divided women with DMt1 into two sub-
groups concerning glycated hemoglobin levels -
HbA, <7% and HbA, >7,0%. 32,4% (n=12) women
presented with good glycemic control. The remain-
ing 67,6% (n=25) were with poor metabolic control
at the time of the research. The performed anthro-
pometric, anamnestic and biochemical data are pre-
sented in Table 3.

No statistically significant differences were found
between the two subgroups of women with DMt1
in terms of age (30,0£6,33 years vs. 31,20+5,80
years, U=161, p=1,000), weight (64,62+£12,18 kg
vs. 63,50£10,01 kg, U=146, p=0,911) and BMI
(23,20;6,57 kg/m? vs. 23,31;3,82 kg/m? U=133,
p=0,597). As expected, women with HbA, >7,0%
had statistically significantly higher fasting blood
glucose levels (U=231,50, p=0,007), higher glycat-
ed hemoglobin (U=300, p=0,000), and comparable
levels of microalbuminuria (U=140, p=0,761). Both
subgroups of diabetic women presented with pre-
served renal function and comparable levels of urea
(U=156, p=0,860), creatinine (U=160,50, p=0,737),
uric acid (U=171, p=0,511) and glomerular filtration
(U=143,50, p=0,835). Regarding the lipid profile
- women with HbA, >7,0% had statistically signifi-
cantly higher levels of TG (p=0,015), comparable for
HDL-C (p=0,835) LDL-C (p=432) and with borderline
level of significance for TC (p=0,057).

The hormonal data of the two subgroups of wom-
en is presented in Table 4. In the HbA, >7,0% sub-
group, we observed elevated levels of LH (8,32;4,92,
U=244, p=0,002) and LH/FSH ratio (1,10;1,05, U=217,
p=0,030) compared to the subgroup with HbA, <7,0%.
No statistically significant differences were found re-
garding the rest of the hormones: FSH (U=153,50,
p=0,911), E2 (U=136, p=0,666), T (U=144,50, p=0,860)
and SHBG levels (U=137, p= 0,689). The calculated
FAI (U=161, p=0,737), cFT (U=143, p=0,835) and BioT
(U=147, p=0.934) are comparable as well. No signifi-
cant differences were found in the levels of androgens
either: DHEA-S (U=147, p=0,936) and A4 (U=134,50,
p=0,620). Women from the two subgroups did not dif-
fer in terms of TSH (U=168, p=0,575), FT, (U=159,50,
p=0,761), FT, (U=145 p=0,483) and Prl levels
(U=111,50, p=0,215). We also demonstrated compa-
rable levels of AMH (U=121,50, p=0,360), 170OHPG
(U=137, p=0,689), ACTH (U=186,50, p=0,156) and
morning cortisol (U=181, p=0,142) between the two
subgroups of diabetic women.
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Table 1. Group DMt1 Controls P - value
Anthropometric and bio- | Parameter (n=37) (n=83)
chemical parameters in Age (y)~ 31;8 30;9 0.140™M
women with DMt1 and Weight (kg)" 64.8;14.7 61.95;13.3 0.875
healthy controls.
BMI (kg/m?)" 23.31;4.93 21.70;4.99 0.305™M
Waist (cm)* 74.27+7.93 66.18+5.12 0.000**
Hip (cm)* 98.29+8.92 97.69+8.12 0.789**
WHR* 0.75+0.12 0.68+0.08 0.000**
WH{R* 0.45+0.10 0.39+0.24 0.120%*
* - meantSD ; HbA, _(%)* 7.83+1.45 4.7240.27 0.000**
- Test FBG (mmol/I)* 7.49£2.51 5.03%0.35 0.000**
A;_""&gfﬂ’f@%’fﬁney U test | 24 U-ALB (mg/24)" 9.7:14.30 - -
Group DMt1 Controls P-value Table 2.
Parameter (n=37) (n=83) Hormonal parame-
Median; IQR Median; IQR | Mann-Whithney U test ters in women with
LH (1U/L) 7.86;4.92 5.08;3.17 0.001 DMt1 and healthy
controls.
FSH (mIU/ml) 6.18;2.22 6.91;2.43 0.085
LH/FSH 1.04;1.04 0.74;0.55 0.001
E2 (pg/ml) 51.70;21.55 45.70;23.10 0.394
T (ng/ml) 0.60;0.42 0.45;0.20 0.000
SHBG (nmol/L)* 64.04+30.25 67.60£22.11 0.456**
FAI 3.52;6.92 2.36;1.51 0.003
cFT (ng/ml) 0.006;0.008 0.005;0.003 0.043
BioT (ng/ml) 0.16;0.18 0.12;0.09 0.024
DHEA-S (ug/dI)* 226.18+104.48 | 201.62+72.74 0.336**
A4 (ng/ml)* 3.41+1.24 2.55+0.84 0.004**
Prl (mU/L) 210.57;126.0 232.65;145.49 0.548
TSH (mU/L) 2.21;1.79 1.77:1.19 0.104
ACTH (pg/ml) 20.26;9.47 18.56;9.45 0.229
Cortisol 8h (nmol/L)* | 371.56%88.90 349.83+101.82 0.072**
170HPG (ng/ml) 1.0;1.6 1.2;2.0 0.551 *- meanxSD,
AMH (ng/ml) 4.10;3.66 3.17;2,31 0.040 - T-test
Discussion ratio remained only in the HbA, >7,0% subgroup.

Women with DMt1 of reproductive age have
higher levels of all investigated indices of hyperandro-
genism compared to age-matched healthy controls,
and glycated hemoglobin was in a significant direct re-
lationship with both LH levels and LH/FSH ratio. After
subdividing the diabetics into two subgroups based on
glycated hemoglobin levels </>7,0%, the relationship
of the indicator with elevated LH levels and the LH/FSH

There is a contraversion - is the hypothalamus or
the pituitary gland the primary source of the reproduc-
tive disorders in DMt? Basal concentrations of LH and
FSH in women with DMt1 are comparable with those
of the healthy individuals in most cases (20, 21). Djurs-
ing et al. (22, 23) payed attention to women with DMt1
and amenorrhea with low baseline LH levels and a de-
creased response to exogenous GnRH administration.
Grossman et al. (24) reported a normal LH response,

Endocrinologia vol. XXVIII Ne2/2023



llieva-Gerova, Maria I. et al

Group DMt1 DMt1 Table 3.
Parameter HbA, <7,0% HbA, >7,0% P - value Anamnestic, 'anthrop'o_
(n=12) (n=25) metric and biochemical
Age (y)* 30.046.33 31.20%5.80 1.000** \Eﬁ:ﬁ%ﬁf (;ri‘v‘i’é‘ég‘f;\;
Weight (kg)* 64.63£12.18 63.50+10.01 0.911% HDA, </27,0%.
BMI (kg/m?)" 23.20;6.57 23.31;5.59 0.597~
Age at diagnosis (y)* 16.42+7.68 17.7248.19 0.786™*
DMt1 duration (y)* 13.75%£10.24 13.80+7.43 0.886"*
DID (E)* 49.83+£21.57 56.40+£14.81 0.227*
dose/kg* 0.75+0.23 0.89%£0.19 0.071**
TC (mmol/l) A 4.48;0.91 4.95;1.07 0.057
HDL-C (mmol/l) » 1.37;0.39 1.31,0.57 0.835""
LDL-C (mmol/l) * 2.84;1.09 2.97,0.87 0.432°7
TG (mmol/N) 0.58;0.45 1.06;1.51 0.0137
Urea (mmol/H* 4.55;1.5 4.40;1.7 0.860™
Crea (pmol/l)* 60.5814.46 62.48+9.72 0.737 **
UR AC (umol/I)* 219.33%46.37 | 236.80%66.54 0.511*
eGFR (ml/min/1,73m?)*|  101.56%8.02 100.03%17.69 0.835" ** - meansD
FBG (mmol/1)* 5.92+1.38 8.24%2.60 0.007** * _Totest ;
HbA, (%)* 6.19+1.08 8.611.23 0.000** ~ - Median; IQR ;
U 24 ALB (mg/24)" 12.05:13.76 9.30;17.82 0.76177 " 'g‘sinn'vvh'th”ey U

while South et al. (25) an increased one to exogenous
GnRH, similar to the one in women with hyperpro-
lactinemia or anorexia nervosa. The difference in LH
response to exogenous GnRH points to the hypothal-
amus as the primary source of reproductive abnormali-
ties in women with DMt1 (20, 25). On the other hand,
altered LH response to exogenous GnRH administra-
tion may be due to elevated blood glucose levels (26),
insulinopenia per se, and disease duration (27).

A number of authors have demonstrated clinical
and/or biochemical hyperandrogenemia in women with
DMt1. Androgen excess is assumed to be primarily of
ovarian origin since the responses of adrenal androgen
precursors to ACTH stimulation tests are pretty similar
to those in healthy individuals (28). LH-mediated andro-
gen synthesis in the ovary is stimulated directly by in-
sulin. With significantly elevated A4 levels in our study,
DHEA-S levels in the two groups of women remained
comparable, which appears to support these data.

In 2006, Codner et al. (29) found higher levels of
total serum testosterone, A4, and 17OHPG in women
with DMt1 with comparable levels of SHBG, DHEA-S,
FSH, LH, LH/FH E2. Age at diagnosis, glycemic control,
mean insulin dose, and disease duration did not statis-
tically significantly affect the results (29). In our study,
however, HbA1C levels were positively correlated with
LH and LH/FSH, and FBG was positively correlated

with cFT and A4. Hyperglycemia affects the reproduc-
tive system by two main mechanisms. The first one is
related to insulin resistance secondary to glucose toxic-
ity, and the second one is through increased formation
of glycation end products (29).

After further dividing the DMt1 group into two
subgroups according to glycated hemoglobin levels,
the greater frequency of biochemical hyperandrogen-
emia in the DMt1 subgroup with HbA, >7,0% was not
preserved.

Women with DM1 have a higher frequency of hy-
perandrogenism and the only related factor appears to
be the intensified insulin treatment (30). Levels of BMI,
glycated hemoglobin, onset of the disease before men-
arche did not significantly correlate with the elevated
androgen levels. Although glycated hemoglobin levels
were relatively elevated in this study (8,6£0,3%), this
was not related to the ovarian androgens (30).

Another study demonstrated that hyperandrogen-
ic and normoandrogenic diabetic females had compa-
rable levels of HbA, (7,4£1,2% vs. 7,8+1,2%), with no
difference observed in the average daily insulin dose
(p=0,185), as well as no statistically significant correla-
tion between hormonal and metabolic parameters in
both groups of women (31). Similarly, in our study, no
significant differences were found in the duration of the
disease and administered insulin doses between the
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Table 4. Group | 3Am1, HbA, <7,0% | 3Am1, HBa,.>7,0%
Hormonal parame- Parameter (n=12) (n=25) P-value
ters in DMt1 group Median; IQR Median; IQR Mann-Whithney U test
f}fg%%/fy HbA, . LH (1U/1) 4.91;3.57 8.32;4.92 0.002
s FSH (mIU/ml) 5.87;2.19 6.24;2.51 0.911
LH/FSH 0.83;0.55 1.10;1.05 0.030
E2 (pg/ml)* 50.7547.22 50.97+17.30 0.666**
T (ng/ml) 0.61;0.30 0.60;0.48 0.860
SHBG (nmol/I)* 67.04+32.95 62.61£29.47 0.689**
FAI 3.13;7.78 3.64;6.77 0.737
cFT (ng/ml) 0.007;0.012 0.006;0.008 0.835
BioT (ng/ml) 0.16;0.26 0.16;0.18 0.934
Prl (mU/I) 238.68;197.90 210.57;104 0.215
TSH (mU/I)* 2.20£1.13 2.44+1.21 0.575**
FT, (pmol/I) 10.89+1.48 11.05+1.63 0.761**
FT, (pmol/l) 4.13;0.53 4.09;0.56 0.483
DHEA-S (pg/dl)* 229.68+116.35 224.50+100.81 0.936**
A4 (ng/ml)* 2.88%1.54 3.0220.62 0.620**
170HPG (ng/ml) 0.95;1.9 1.1;1.6 0.689
AMH (ng/ml) 4.23;2.99 4.86;2.98 0.360
“meantSD: ACTH (pg/ml)* 19.62+6.29 23.96%9.30 0.156**
*_ Ttest; Cortisol 8h (nmol/l)*|  336.28+104.31 387.07£78.55 0.142**

two subgroups of DMt1 women, as well as there
is no correlation between hormonal and metabolic
parameters. Androgens in women with DMt1 are
increased, but they do not correlate with glycemic
control and administered insulin doses according to
another group of reasearchers (32).

The two diabetic subgroups had comparable
AMH levels in our study. Al Khafaji et al. (33) demon-
strated significantly lower levels of AMH in diabetic
women (p=0,000) with higher glycated hemoglobin
(p=0,000), and DMt1 was an independent risk fac-
tor for the results. The study by Kadirogullar1 et al
(34) had similar results. 42 women with DM1 and
65 healthy controls were studied. AMH and AFC
levels were lower in women with type 1 diabetes
(p=0,001), with impaired glycemic control having a
significant impact on AMH levels (34).

Women with DMt1 have comparable weight,
BMI, and WHtR, but have a larger waist circum-
ference and an increased WHR compared to age-
matched clinically healthy women. This increases
their risk of developing metabolic syndrome. Various
indices are used to assess the risk of development
and progression of diabetes mellitus and the asso-
ciated caridometabolic risk. BMI is one of the most

commonly used in every day clinical practice for
screening, but it is not a useful indicator to distin-
guish between muscle and adipose tissue (35). Waist
circumference correlates better with abdominal adi-
pose tissue and is often used to assess CV risk (36).
The WHR is used to assess the redistribution of ad-
ipose tissue in the body and define obesity, serving
as a non-invasive assessment of CV risk (36). There
is increasing evidence in the literature that the inci-
dence of metabolic syndrome (MS) among patients
with DMt1 is rising (37).

In the present study, we demonstrated higher
TG levels in the subgroup of women with TIDM
with HbA, >7,0%. Hypertriglyceridemia, elevated
levels of LDL-C and non-HDL-C are often observed
in patients with poor metabolic control, especially
when HbA1C>7,5% is present (38). Secondary to
insulin deficiency, hypertriglyceridemia is explained
as a result of increased production of VLDL because
of the increased circulating free fatty acids (39). Re-
duced clearance of postprandial Sf 100-400 lipo-
proteins (chylomicrons + VLDL) was observed in a
radioisotope study conducted among patients with
DMt1 and poor glycemic control (40). The observed
increased in LDL-C levels in poor glycemic control

Endocrinologia vol. XXVIII Ne2/2023



llieva-Gerova, Maria I. et al

are due to increased transfer from VLDL to IDL and
from IDL to LDL as a result of increased VLDL (39).

In patients with optimal glycemic control, tri-
glyceride and LDL-C levels are normal or slightly
reduced. Peripheral hyperinsulinemia as a result of
subcutaneous insulin administration, which results
in increased VLDL metabolism and increased ex-
pression of LDL-receptors, has been discussed as a
possible mechanism for the observed changes in the
lipid profile in DMt1 patients with optimal glycemic
control (41).

An increase of 0,101 mmol/L for TC, 0,052
mmol/L for TG, 0,103 mmol/L for LDL-C, and 0,129
mmol/L for non-HDL-C has been reported for each
1% increase in HbA, _(42). Guy et al. (43) analyzed
512 patients with a relatively short history of DMt1
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Opuz2uHaAHa cmamus

Hucku Hu6Ga Ha cepymeH mecmocmepoH npu nayu-
€eHMuU ¢ OCMbP KOPOHAPEH CUHGPOM U acoyuayun-
A UM CbC CbpgeuHo-cbgoBu puckoBu chakmopu
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Pe3siome

Bw6Begenue: Cnagbm 6 HuBama Ha mecmocmepoHa (T) y mbixka e peHomeH, 3auecmaBauwy, ¢ HanpegBaHe Ha
Bb3pacmma u obuvalHa Haxogka no Bpeme Ha ocmpu 3aboaaBaHus. Tl kKamo ¢ HanpegBaHe Ha Bb3pacmma ce
yBeauuaBa u vecmomama Ha copgeuHo-cbgoBume 3aboaaBanua (CC3), acoyuayuama Ha noroBume cmepougu
CbC CbpgeuHo-cbgoBua puck e om npakmuuecku uHmepec.

Llea: Lleama e uzcaegBane Ha yvecmomama Ha xunomecmocmepoHemusma u acouuayuama Ha obwus, c6o-
6ogHua u buoHaauuHua T ¢ HAKOU CbpgedHo-cbgoBu puckoBu hakmopu, kKakmo u ¢ pe3yamama om puckoBus
kaakyramop GRACE npu navueHmu ¢ ocmbp kopoHapeH cuHgpom (OKC).

Mamepuaau u memogu: B ocmpua nepuog caeg HacmbnBane Ha OKC npu nayueHmume 6e uzcaegBan
o6w, mecmocmepoH, SHBG u uzuucaeH cBobogeH u GuoHaaudeH mecmocmepoH. AaHHU 3a cbpgeuHo-cbgoBua
puckoB npocpua Haxa B3emu om meguuyuHCKama gokymeHmauus.

Pezyamamu: B xoga uzcaegBaHemo 6axa BkatoueHu 72-ma nauueHmu ¢ OKC Ha cpegHa Bb3pacm 56,12 2.
u 35 3gpaBu koHMpoAu Ha cpegHa Bb3pacm 54,22 2. MNauueHmume ¢ OKC umam 3HauuMo no-Hucku HuBa Ha
Bcuuku opakuuu Ha MecmocmepoHa CNpAMo KOHMpoAu (3a obw, cBobogeH u buoHaauueH T, p<0,05). NogHop-
MeHU cmoUHocmu Ha obw, T ce ycmanoBaBam 8 52.78% om nauuerume ¢ OKC (cnpamo 29,4% npu KOHMpPOAU,
p<0,05), a 3a cBobogeH T B 65,28% (cnpamo 45,78% npu koHmpoau, p<0,05) YcmanoBaBam ce HezamuBHu ko-
perauuu mexkgy cBobogHua T u mponoHuHa (rs=-0,266 p=0,024), kakmo u mexkgy cBobogHua T u GRACE, koamo
ce 3ana3Ba u caeg KopuaupaHe cnpamo Bb3pacmma. (r=-0,245, p=0,043).

3akarodeHue: C o2neg Ha onucaHume pe3yamamu ugeHmudpuuupame cBobogHua T kamo XxopmoHaAHUSA
mapkep, Hal-macHo cBbp3aHu cbe cbpgeuHo-cbgoBua puck, uzpaser upe3 GRACE. OcBen moBa ce ycmato-
BaBa 3Hauuma acoyuauua mexxgy 20AemuHama Ha MuokapgHama Hekpo3a (mponoHuHa) u cBobogHua u GuoHa-
AUYHUA MEeCMOCMepOoH.

KatoyoBu gymu: mecmocmepon, cBo6ogeH mecmocmepoH, aHgpozeHU, CbpgeuHo-CbgoB puck, ocmbp
KOPOHApeH CUHgPOM.
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BvBegeHue

B xoga Ha cmapeeHemo y mbika ce HabaogaBa
cnag 6 HuBama Ha mecmocmepoHa (T) 6e3 aHamo-
MUYHU HapyweHua 6 xunomaramo-xunodpuzapHama
oc (1). TakbB yYHKUUOHAAEH XUNO20HAgU3bM Ha
¢hoHa Ha Hucku HuBa Ha T u cuMnMoMmuU Ha aHgpO2eH-
Hama HegocmambyHOCM MOXe ga 6bge Kamez2opu-
3upaH Kamo XUNO20Hagu3bm C KbCHO Hadaro (XKH)
(2, 3). XKH e pesyamam om npoueca Ha cmapeeHe,
omcaabBate Ha akmuBHOCMMa Ha XUNOMaAaMO-Xu-
nogpuzHama cucmema, kakmo u Ha AadguzoBume
kaemku. To3u peHomeH ce 3agbabouaBa npu Haau-
yuemo Ha 3amabcmaBane, 3axapeH guabem, cbpgeu-
HO-cbgoBu u HeonaacmuuHu 3aboaaBaHug, no-uecmo
cpewawu ce ¢ HanpegBaHe Ha Bb3pacmma (4).

C HanpegBate Ha Bb3pacmma cbwo Maka ce
yBeauuaBa HuBomo Ha cBobp3Bawua noroBume xop-
MOHU 2A006yAauH (SHBG), umaw, npako omHoweHuUe Kbm
cBvp3zBaHemo u mpaHcnopma Ha mecmocmepoHa (5).

INpomerHu B HuBama Ha T, ocBen nopagu 6b3-
pacmoBu u3zmeHeHua 6uxa MO2AU ga HacmbhAM
u 6 xoga Ha ocmpu 3aboaaBaHua BkAlOYUMEAHO
cbpgeyHo-cbgoBu uHuugeHmu. Wang u comp. (6)
nomBopyxkgaBam moBa 8 uzcregBare Bbpxy mbike
C OCMbP MUOKAPJEH UH(APKM - 3Ha4YumeAHa dacm
om nauueHmume B MOmMeHmMa Ha uHUUgEHmMa ca C
Hucka cmouHocm Ha T cnpamo kKoHmpoau. VHmep-
npemauuama Ha masu HabAlgeHUA gONbAHUMEAHO
ce ycaoxkHaBa om pakma, ve nauueHmu CbC 3axa-
peH guabem mun 2 umam 3HAYUMO NO HUcKO HuBa
Ha T (7, 8). Npegnonaza ce, Ye 3ag namozeHe3ama Ha
moBa HapyweHue cmou cAoxHa gBynocouHa Bpb3-
Ka, cbcmoAawa ce om uHcyauHoBa pejucmeHmuocm,
3amabcmaBaHe u gucpeayaauyua Ha XUNOMaAamo-Xu-
nocgpuzo-zoHagHama oc (XXI) (9, 10). ABmopume
npegaazam Bb3morkHa Xunomesa 3awo npu 6oAHUME
C 2AIOKO3HU HapyweHua uma No-20AamMa yecmoma Ha
XxunomecmocmepoHemuama. Aonycka ce, Ye HUCKU-
am T mo>ke ga e pesyamam om no-uyBcmBumenna XX,
koemo ga Bogu go HamareH omzoBop om mecmu-
cume KbM AymeuHu3upawua xopmoH (LH) 8 ycaroBusa
Ha cmpec, KOMOUHUPaHO C HamaAeHa cekpeuua Ha LH.

Bvnpeku gokazameacmBama 3a acouuauus
MeXxgy ocmpua KopoHapeH cuHgpom (OKC) u cnaga
8 T, HeacHo ocmaBa gaau HapyweHuama 6 2oHagHa-
ma pyHKUUA ca om 3HadeHue 3a Gbgewua Cbpgeu-
HO-CbgoB puck. Onum 3a peweHue Ha Mo3u NPobAem
npegcmabBaaBa npocnekmuBHo npoyuBane, 8 koemo
G.Corona u comp. (11) cbobwaBam 3a NO-HUCHK puck
om HOB cbpgeuHo-cbgoB uHUUgEHM Nnpu navueHmMu
¢ Hucku HuBa Ha T B8 ocmpua nepuog Ha OKC. Beaeg-
cmBue Ha moBa aBmopume npegnoaazam Beposa-
meH npomekmuBeH egekm Ha Xxuno2oHagu3ma (Xu-
nomecmocmepoHemMuama) Npu mbke ¢ MHo20 Bucok

CbpgeuHo-cbgoB puck, aHaA02UYHO HA CUHgpOMa Ha
Huckua T3. MpomuBopeuuBu gaHHu nocmbnBam om
gpyeo u3caegBaHe, npu koemo Huckuam cepymeH T
8 ocmpus nepuog Ha OKC ce cBbp3Ba cbc 3HaUUMO
No-20AAMa CMbPMHOCM NPU hayueHmu Hag 65 2.(11).

Bvnpeku BepoamHama Bpb3ka mexgy cbpgeu-
Ho-CbgoBuAa puck U 20HagHama (PYHKUUA, NOCAEgHa-
ma He e pymuHHa Yacm oueHkKama npu navueHmu c
ucxemuyHa cbpgeyHa namoaozua. HuBama Ha agpo-
2eHUME KbM MOMEHMa He ca yacm om KaAkyaamo-
pume, uzuucaaBawu pucka om HoB cbpgeuHo-cbgoB
UHUUgGEHM UAU CMbPM NO CbpgeuHo-cbgoBa npuuu-
Ha, kakbBmo Hanpumep e GRACE (The Global Registry
of Acute Coronary Events) (12).

C o2aeg Ha onucaHume 3aBucumocmu u Hepewle-
HU npobAemu cu nocmaBuxme caegHama ueA: U3caeg-
BaHe Ha uecmomama Ha xunomecmocmepoHemuama
(Hucku HuBa Ha T) u acouuauuama Ha obwusg, cBo-
6ogHuAa u buoHaAauvyHua T C HAKOU CbpgeuHO-CbgoBu
puckoBu hakmopu, Kakmo U ¢ peyamama om pucko-
Bua karkyaamop GRACE npu nauuenmu ¢ OKC.

Mamepuaau u memogu

[MauueHmume b6axa nogbpaHu u3mexkgy Xocnu-
maausupaHume muxe 6 KapguoAo2UYHUME KAUHUKU
npegumtHo 8 YMBAA ”CB8. MapuHa,, 2p. BapHa - o6wo
72-ma nauueHmu ¢ OKC Ha cpegHa Bb3pacm 56,12 2.
(BvzpacmoB ob6xBam 36-70 2.) u 35 3gpabu KoHMpo-
AU Ha cpegHa Bb3pacm 54,22 2. (Bb3pacmoB ob6xBam
44-68 2.). B 2pynama Ha nauueHmume kpb0B 6e B3ema
8 uHmepBara mexxgy 8 u 10 4. cympuH npegu xpaHe-
He, 36-48 4. cAeg HacmbnBaHe Ha MUOKapgHama ucxe-
mun. BkaouBawu Kpumepuu 3a 2pynama Ha nauvuen-
mume 6axa Haauyuemo Ha OKC - ocmbp muokapgeH
uHgapkm ¢ uau 6e3 ST-eaeBauun u xocnumaauzauua
no noBog HecmabuAHa aHeuHa nekmopuc. Muokapg-
HUAM UHgapKM U HecmabuAHama aHauHa ca guazHo-
cmuuupaHu cbeAacHo yemBbpmama mexxgyHapogHa
gebuHuuua Ha muokapgHua uHdgapkm (13).

M3katouBawume Kkpumepuu BkatouBaxa Ha-
AUYUEMO Ha HEeKOMNEeHCUpaHu eHgoKpuHonamuu,
BKA. aHamHe3a 3a Xuno20Hagu3bm, Npuem Ha Nncu-
XOMpONHU MegukameHmu, aHaboAHU cmepougu,
XOpMOHaAHa mepanua UAU NPUEM Ha 2AKKOKOpmu-
Kougu npe3 nocaegHume 6 meceua, cbnbmcmBawu
ocmpu 3aboanaBaHua u ckopowHu onepauuu. 3a
2pynama Ha KOHMpOoAUMeEe goNbAHUMEAEH U3KAIOY-
Baw, kpumepuu 6e aHamHe3ama 3a apmepuasHa Xu-
nepmoHua U ucxemudHa 6oarecm Ha cbpuemo. [pu
gepuHupaHe Ha goAHama 2paHuya Ha T 6e u3noa3-
Bano HuBo 9.2 nmol/l, cbobpazHo npenopbkume
3a gobpa KAUHUYHA npakmuka Ha bbazapcko gpy-
»kecmBo no EHgokpuHoAo2ua u Ha ,EHgokpuHHOMO
gpyxecmBo” 8 CALLL (14, 15). 3a goaHa 2paHuua Ha
cBob6ogHua T 6e npuema 0.220 nmol/I (16).
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LuwkoB, CaBu P. u konekmuB

PuckoBuam kaakyaamop GRACE ueau ugeHmu-
puuupaHe Ha nauueHMume C Hal-20AAM PUCK OmM
CMbPM UAU HOB MUOKapgeH UHgapKm 3a wecm-me-
ceveH nepuog caeg HacmwnBane Ha OKC (12, 17,
18). PuckoBume cpakmopu BkatouBam me3u, u3noas3-
Baru npu uzuucasBaHemo Ha GRACE, kakmo u mio-
mioHONyweHe, gucaunugemun, Bb3pacm Hag 50 2. u
npugpyrkabaw, 3axapeH guabem mun 2.

AABYmuH e uzcaegBaH, uznoazBalku aHaau3za-
mop Siemens Advia 1800. Tecmocmepon u SHBG ca
uzcaegBaHu upe3 aHaauzamop Siemens IMMULITE
2000. CBobogHama u bGuoHaaudHama dopakuyua Ha T
ca ycmaroBeHu, uznoazBaliku uzyucaumeseH memog
B8b3 ocHoBa Ha 06w, T, SHBG u arGymun (19).

Cmamucmuueckuam aHaAu3 Ha gaHHUme 6e npo-
Begen ¢ SPSS Bepcua 24. be uznoa3BaH t - kpumepul
Ha CmiogbHmM u Man-YumHu mecm. KopeArayuoHHU-
me KoepuyueHmMu 6axa U34YUCAEHU NO MeMoOgume Ha
CnupmaH u MupcoH. 3a Becuuku mecmoBe 6e npuema
cmamucmuyecka 3Havumocm npu p<0.05.

Pesyamamu

PaznpegeaeHuemo Ha puckoBume hakmopu 6e
uzcaegBaro 3a gBeme epynu. He ce ycmanoBaBa
cmamucmuyecku 3Hauyuma pa3Auka mMexxgy max no
OMHOWeHUe Ha Yecmomama Ha miomioHoNYweHemo

(x*(1)=1.101, p=0,2) npu cbomBemHo 60% (n=51) 6 KoH-
mpoAHama u 72,9% (n=51) B8 epyna Ha OKC (Taba. 7).
He ce omueme u cmamucmuyecku 3Hayuma pasauka
666 Bb3zpacmma u uHgekca Ha meaecHa maca (MITM).

Ha Tabauya 1 e npegcmaBeHo pasznpegeaeHue-
mo Ha puckoBume chakmopu 6 epynama Ha 6oaHu-
me ¢ OKC. B xoga Ha cmamucmuyecKkua aHaAu3 He
6e ycmaHoBeHa pazauka 6 HuBama Ha ppakuuume
Ha T B 3aBucumocm om Bb3pacmoBama kamezopus,
HaAu4YUemo Ha 3axapeH guabem, kaaca no Kuaun, mio-
MIOHONYWEHEMO UAU CUCMOAHOMO apmepuaAHO Ha-
AfeaHe (p>0,05).

Om npoBegeHua cmamucmuuecku aHaAu3 ce
ycmanoBu 3Hauuma pazauka 6 HuBama Ha obuwus,
cBobogHua u GuoHaauuHua T mexkgy epynume Ha
OKC u koHmpoaume AuncBa 3Hayumo pazaudue 6
cmouHocmma Ha SHBG (30,71+10,88 nmol/L cnpamo
31,55+10,46 nmol/L, p>.05) (Taba. 2).

M3noa3Balku npazoBa cmolHocm 3a obwua T
om 9,2 nmol/l ycmanoBuxme ye 52,78% om nauuen-
mume 6 2pynama Ha OKC ca 6uxa 6uau kaacuduuu-
paHu kamo makuBa ¢ Hucbk T. 3a 2pynama KOHmMpo-
Aume moBa ca 29,41% (Que. 1A). I3noa3zBalku kamo
kpumepuu cBobogHua T <0,220 nmol/l, mo 65,28%
om nauueHmume B 2pynama Ha OKC buxa 6uau kaa-
cupuyupaHu kamo makuBa ¢ xunomecmocmepoHe-
mun u 45,71% om koHmpoaume (Que. 15). Mexgy

OKC (n=72) Tabauya 1.
TiomioHonyweHe N=51 72.9% M3xogHu puckoBu xapakmepucmuku
3axapeH guabem mun 2 N=16 22.5% Ha hayuermume.
Apyeo ACC3 N=9 12.85%
Aucaunugemusn N=72 100%
[Mpuem Ha cmamuH N=19 26.8%
ST-ereBayusa N=53 74.6%
XCH N=8 11.27%
Kaac Kuaun N=67 93.1%
N=2 2.8%
3 N=3 4.1%

Grace score 94.38£25.89 (86.95-101.82)
138.70 £28.04 (132.06-145.34)
58.96%69.18 (42.71-75.22)

94.956 + 29.07 (88.13-101.79)

[NapamempudHumMe nokazameau ca npeg-
cmaBeHu cbC cpegHa cmouHocm, £cmax-
gapmHo omkAoHeHue u 95% goBepume-
AeH uHmepBan B ckobu.

CucmoaHo AH - mmHg

TponoHuH - ng/ml

KpeamuHruH - mmol/L

HDL xorecmepoa - mmol/L 1.15 £0.34 (1.07-1.23) CoukpaweHus:
LDL xorecmepoa - mmol/L 3.46 £1.23 (3.17-3.75) AH- apmepuaiHo Harszatie,
ACC3 - amepockAepomuyHO Cbpgey-

5.45 +1.53 (5.1-5.81)
1.91 %1 (1.67-2.15)

Obw xorecmepoa - mmol/L Ho-cbgoBo 3aborabBare,

XCH - xpoHu4Ha cbpgeyHa Hegocmamuvy-
HOCM.

Tpueauuyepugu - mmol/L
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_ OKC Koumpoau | p-cmoidnocm
PazAauku mexkgy 2pynama Ha (N=72) (N=35)
nayueHmume u KOHMpPoAume.
Bwv3pacm (2.) 56.12 £9.73 54.22 £7.23
(53.73-58.51) | (51.61-56.83) ns
UTM (kg/m?) 28.54+4.37 | 28.98 +3.52
(27.47-29.62) | (27.7-30.25) ns
T (nmol/L) 8.97+4.11 11.1£2.38 0.001
[pegcmaBenu ca cpegHu cmou- (8.01-9.94) (10.26-11.93)
HoCmU, cmarngapmHo omiaore: SHBG (nmol/L) 30.71£10.88 | 31.55+10.46
Hue, 6 ckobu - 95% unmepBan (28.16-33.27) | (27.95-35.14) ns
Ha gocmoBepHocm.
CokpaweHua: ns - p>0.05; C6o6ogen T (nmol/L) 0.19£0.09 0.22+.04 0.006
WTM - uHgekc Ha meAecHa maca; (0.169-0.211) | (0.21-0.24)
l?OIfV\C' = OCMBP KOPOHAPEH CUHG:- buoraruyen T (nmol/L) | 4.41£2.15 | 5.60+0.89 0.001
g 3.902-4.912 5.28-5.92
SHBG - cekc-xopmoH cBvp3Bauy ( IR )
2AOBYAUH.

W INpoueHmHo paznpegeaeHue Ha nayueHmume 6 3aBucumocm om HuBomo Ha T.
A) 06w, mecmocmepoH; b) uzuucaen cBobogen T.

A (b

100 — 100 —
80 47,22% 804 34,72%
70,59% . 54,29%

=
=

60 — z
=
o
o
[

52,78% 65,28%

29,41%

45,71%

OKC Konmpoau OKC

Konmpoau
n=72 n=35 n=72 n=35
06w, mecmocmepox (nmol/l) CBo60gen mecmocmepou (nmol/l)

59,2 . <92 5220 (nmol/l) . <220 (nmol/l)
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Kopeaauuu mexkgy A) mponoHuH u cBo6ogeH T;
b) mponoHuH u 6uoHaauveH T;

B) GRACE u cBobogeH T;

) CRACE u buoHaauueH T.
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epynume Ha OKC u koHmpoaume ce ycma-
HoBaBa cmamucmuuecku 3Havuma pazauka 6
yecmomama Ha XunomecmocmepoHemuama,
uznoa3zBalku kakmo kKpumepuu kakmo obuwusn
(x*(1)=5,089, p=0,024) (Due. 1A) maka u cBobog-
Hua T (x*(1)=3,723, p=0,05) (Que. 15b).

YcmanoBaBa ce cmamucmuyecku 3Hayu-
Ma, craba, HeeamuBHa Kopeaauua mexkgy cmod-
Hocmma Ha mponoHuHa B8 epynama Ha OKC kak-
mo cbc cBobogHua (rs=-0,266, p=0,024), maka u
¢ buoHaauuHua T (rs=-0,293, p=0,012) (Due. 2A
u 2b). Acouuauua ce omyuma u mexgy buoHa-
auuHua T u GRACE (rs=-0,262, p=0,028), kakmo
u mexkgy cBobogHua T u pegyamama om GRACE
(rs=-0,239, p=0,047). CmotHocmma Ha SHBG ko-
peAaupa noroXkumeaHo ¢ pe3yamama 3a GRACE
(r=0,312, p=0,008) u Bb3zpacmma (r=0,330,
p=0,005) (Taba. 3; Que. 2B u 2I). HuBomo Ha
SHBG acouuupa NOAOXXUMEAHO CbC CMOUHOCM-
ma Ha obwua T (r=0,364, p=0,002). B Hacmoawa-
ma u3zBagka auncBa acouuauua mexgy MTM u
obwua T (r=-0,205, p=0,099). He ce ycmanoBu
cmamucmuyecku 3Havuma 3aBucumocm mexgy
nokazameAume Ha AUNUQHUA NPOPUA U HAKOA
om pakyuume Ha mecmocmepoHa uau SHBG.

Cneg kopekuua cnpamo 6b3pacmma kope-
Aauuama mexxkgy SHBG u GRACE 2ybu cBoama
3Hauyumocm (r=0,078, p=0,524) Acouuauuama
mexxkgy cBobogHua T u GRACE 3ana3zf6a cmamuc-
muyeckama cu 3Ha4yumMocm, gopu u caeg Kope-
kuua cnpamo Bb3pacmma (r=-0,245, p=0,043),
gokamo ma3u mexgy GRACE u 6uoHaauuHua T
€ C 2paHuU4YHa cmamucmuvecka 3Hadumocm (r=-
0,230, p=0,058).

ObcvikgaHe

C o2aeg Ha onucaHume pe3yamamu uge-
mucpuuupame cBobogHua T Kamo XOpMOHaAEH
mapkep, Hal-macHo cBbp3aH CbC CbpgeyuHO-Cb-
goBus puck, uzpazeHr upe3 GRACE. OcBer moBa
Hal-cuaHa 3aBucumocm mexxgy 2oAemuHama Ha
MuokapgHama Hekpo3a (mponoHuHa) ce ombe-
Aa3Ba 3a cBobogHua u GuoHaauuHua T.

V3caegBarume nauueHmu ca 6v6 Bb3pacm,
6 koamo ce ouakBa xuno20HaguU3bM C KbCHO Ha-
yano, cnag B HuBama Ha obwua T BcregcmBue
Ha 3aboanaBaHun, hakmopu Ha cpegama, u-
3UOAO2UYHUA NPOUEC Ha cmapeeHe U gpyaume
XOPMOHaAHU cucmemu. BbB Bpb3ka ¢ moBa ca
npoBeskgaHu npocnekmuBHu npoyuBaHua, npeg-
AOXEHU ca KopuzupaHu cnopeg Bb3pacmma pe-
pepeHmuyu 2parduyu (1, 20). Tezu HabAtogeHus,
Kakmo u BapuabuaHama KAUHUYHA KapmuHa Ha
MBXKKUA XUNo2oHagu3bm, npaBam xapakmepu-
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3upaHemo my ¢ aceH buoxumuyeH nokazamea MpPyYgHo.
Kakmo 6 epynama Ha koHmMpoaume, maka u 6
masu Ha hauueHmume cmoldHocmume Ha obwua T ca
6AU3KU gO goAHama pedpepeHmHa 2paHuua (cpegHo
8,9 npu nauueimume u 11,1 nmol/l npu KoHMpoAu-
me). VimeHHO npu me3u cmoldHocmu cBobogHuam T e
no-uHcpopmamuBeH 3a PYHKUUOHAAHOMO CbCMoAHUE
Ha 2oHagume (14, 21). B cayuaa uznoazBaxme npazo-
Ba cmoiHocm om 9.2 nmol/l 3a o6wua T uau 0,220
nmol/l 3a cBobogHua T, ycmaHoBaBalku 3Hauumo
no-zoaam 6pol nayueHmu ¢ Hucbk T B epynama

Ha OKC. M3noa3Baiku cBobogHua T kamo Kkpu-
mepuu ycmaroBaBame 3Hauumo HapacmBate
Ha Yecmomama Ha xunomecmocmepoeHemus-
ma om 52,8% Ha 65,3% 6 2pynama Ha OKC.

MHgukayus, ye cBobogHua T e no-uHgop-
mamuBeH mapkep om obwua omkpuBame u 6
KopeAayuama um ¢ mponoHuHa. CBo6ogHu-
am u GuoHaAauuyHuam T kKopeaupam HezamuB-
HO C 20AeMUHama Ha uHgapkmHama 30Ha
(mponoHuHa). Ta3u kopeaauua mpabBa ga
ce uHmepnpemupa, umadku npegBug uyBcm-
BumeaHocmma Ha aabopamopHua memog 3a
uzmepBaHe Ha mponoHuH go makcumym 180
ng/ml. ToBa HabAaogeHue gaBa ocHoBaHue ga
cmamame, ve cBobogHuam u GuoHaauuHusm T
no-gobpe ompazaBam mexkecmma Ha OKC. lNo-
gobHa acouuauus, HO 3a obwua T ¢ mponoHu-
Ha, e ycmaHoBena u om Gencer u comp. (22).

3a pazauka om Hawemo npoyuBaHe, 6
gpyau u3caegBaHua e onucaHa 3aBucumocm
MEXgy meXkecmma Ha KopoHapHama amepo-
ckAepo3a u HuBama Ha obwua T. B egHo om
max moBa e HanpaBeHo 3a cmabuaHa apmepu-
aAHa kopoHapHa 6oaecm u 3a OKC, uznoaszBai-
KU aHauoepadpcku nokazameau (23). B gpyeu
uzcaegBaHua e ycmaHoBeHa acouuauuna mex-
gy 6poaHa 3acezHamume KAoHOBe u mexxecm-
ma Ha apmepuaaHama KopoHapHa 6oaecm,
uzmepeHa upe3 SYNTAX u HuBama Ha T (24,
25). B 6bacapcko npoyuBaHe Ha Cemepgiku-
eBa (26), om gpyeza cmpaHa, He e ycmaHoBeHa
acouyuauua mexgy cmouHocmma Ha obwua T
uau DHEA-S cbc HuBama Ha mponoHuHa uAu ¢
pe3yamama om SYNTAX.

OcBern moBa ycmaHoBuxme Aunca Ha aco-
uuauua mexkgy MTM u obwua T 8 2pynama Ha
nayueHmume. Aonyckame, ye moBa e caeg-
cmBue om cnaga Ha T, HacmbnuA B xoga Ha
OKC, HapywaBauku uzBecmuama 3aBucumocm.

Apyauam GuoxumudeH nokazamea, NPAKo
cBobp3an ¢ T e SHBG - ocHoBHuam cBobp3Baw,
npomeuH 3a mecmocmepoHa 8 uupkyaayuama
(27). YcmaHnoBuxme, ye SHBG gemoHcmpupa
no3zumuBHa acoyuayua C KPamKOCPOUHUA PUCK
om cbpgeyHo-cbgoBa cmbpm u HOB muokapgeH
uHgapkm, u3pazeH uype3 pe3yamama om pu-
ckoBua kaakyaamop GRACE. M3BecmHo e Au-
HeGHomo noBuwaBane Ha SHBG ¢ Bbv3pacmma
NpuU MBXKKUA NOA (6), HabAlogeHue, Koemo ce
NogKpena u om Hawume gaHHuU.

Bv3pacmma e eguH u om chakmopume,
yyacmBawu 6 uzuucaaBanemo Ha GRACE.
Caeg kopekuua cnpamo Bb3pacmma, Kope-
Aayuama mexgy gBama nokazameaa 3a2ybu
cmamucmuyeckama Cu 3Haqumocm.
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Tabauya 3. Koperauuu mexkgy GuoxumuyHuU nokazameau u HuBa Ha aHgpozeHume u SHBG.

HDL LDL (0).4 T MponoHuH GRACE 6v3pacm
O6bwy T 0,199 0,032 0,059 0,044 -0,175 -0,026 0,107
<9.2 nmol/L p=.096 p=.793 p=.623 p=.724 p=.143 p=.829 p=.370
CBobogen T 0,081 -0,019 0,108 -0,026 -0,175 -0,099 0,004
<0.220 nmol/L| p=.504 p=.872 p=.366 p=.836 p=.142 p=.414 p=.977
O6w T - nmol/L 0,222 -0,033 0,013 -0,091 -0,217 -0,135 0,093
p=.063 p=.785 p=.916 p=.459 p=.067 p=.266 p=.437
C6obogen T - 0,149 -0,067 0,016 -0,047 -0.266 -0.239* -0,033
nmol/L p=.214 p=.577 p=.895 p=.705 p=0.024 p=.0047 p=.785
buonaaruyen T - 0,188 -0,092 0,030 0,025 -0.293* -0.262* -0,049
nmol/L p=.116 p=.444 p=.803 p=.840 p=0.012 p=0.028 p=.681
SHBG - nmol/L 0,182 0,182 0,036 -0,223 0,050 0.312* 0.330*
p=.130 p=.128 p=.764 p=.068 p=.675 p=0.008 p=0.005

Aezerga: OX - 06w xorecmepoa, TI' - mpueauyepugu; TT < 9,2 — 0bwy mecmocmepoH nog 9,2 nmol/l;
FT < 0,220 - cBobogeH mecmocmepoH nog 0,220 nmol/l; * - 3Hayuma Koperayua

Bbnpeku moBa Bpb3kama mexxgy HuBama Ha
SHBG u cmbpmHocmma no cbpgevuHo-cbgoBu npu-
yuHu e uzcaegBana 6 gpyau npocnekmuBHu, Ko-
XopmHu npoyuBaHua npu mbxe Ha Bb3zpacm mex-
gy 40 u 69 2. (28). ABmopume ycmanoBaBam, ye
no-Bucokume HuBa Ha SHBG ca cBbp3aHu ¢ pucka
om cmbpm, HezaBucumo om HuBama Ha T, HaAuvu-
emo Ha mupeougHa gucgyHKUUf, 4YepHOgpOoOHU
3aboaaBarua u npuem Ha anmukoHByacanmu. 3a
pazAauka om AumepamypHume gaHHu B Hawemo
uzcaegBaHe He ycnaxme ga cBbpxkem HuBama Ha
SHBG cvc wecmmeceuHun puck npu mbxxe ¢ OKC.

Om gpyea cmpaHa Kopeaauuama Ha cBobogHusa
T ¢ GRACE 3ana3zfBa cmamucmuueckama cu 3Hauu-
MOCM gopu U caeg Kopekuua cnpamo Bb3pacmma.
Tol kamo B Hawemo u3zcaegBarHe u3znoazBaxme u3z-
yucaeHua cBobogeH u BuoHaAuyeH mecmocmepoH
mexHuUme KoHueHmpauuu ce npako caegcmBue om
HuBama Ha SHBG u obwua T.

Mo ma3u npuvuHa GUXME MO2AU ga gONYCHEM,
ye SHBG uma Bpb3ka ¢ cbpgeuHo-cbgoBua puck go-
moakoBa gokoakomo onpegeaa HuBama Ha c6060g-
Hua T. A0 CXOgHO 3aKkAlOueHue gocmuzam u gpyeu
uzcaregoBameau cpaBuaBalku cmbpmHocmma npu
nayueHmu cbe 3axapeH guabem 6 3aBucumocm om
HuBama Ha SHBG u o6wua mecmocmepot (29).

Aaau cBobogHuam T mogyaupa pucka He 6u
MO02A0 ga ODbge U3ACHEeHO C HacmoAWOMO U3CAeg-
BaHe. Auncama Ha cmamucmuuecku 3Havuma Kope-
Aauua mexgy obwua T u puckoBama xapakmepuc-
muka u mexgy buoHaauyHua T u GRACE caeg koh-
mpoaAupaHe cnpamo Bb3pacmma owe BegHbxK onpe-
geaa cBobogHua T kamo no-nogxogaw, buomapkep 6
ycroBuama Ha OKC.

Tol kamo SHBG uma u gpyau gemepmuHaHmu,
ocBen Bb3zpacmma, mpabBa ga ce gonycHe Bb3MOXK-
Hocmma SHBG ga ce acouuupa cbCc cMmbpmHocmma
NO NpUYUHU pa3AudHU om Bb3pacmoBo, obycroBeHo-
mo My HapacmBaHe.

3akaloyeHue

Ha 6azama Ha npegcmaBeHama uHopmauus,
MOXEM ga 3akalouum, ve cBobogHuam T e xopmo-
HaAHUAM Mapkepu, Hal-macHo cBbp3aH CbC Cobp-
geuHo-cbgoBua puck, uzpazeH upe3 GRACE. OcBeH
moBa, HabAtogaBa ce cuaHa Bpb3ka Mexxgy 20Aemu-
Hama Ha MuoKapgHama Hekpo3a, u3mepeHa upes3
mponoHuHa, u HuBama Ha cBobogHua u BGuoHaAuu-
Hua T. Te3u peyamamu noguepmaBam nomeHyuas-
HOMO 3HaueHue XopMoHaAHUMe mapkepu 6 npozHo-
3upaHemo Ha cbpgedHo-cbgoBua puck.
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Introduction: The decline in testosterone (T) levels in males is a phenomenon increasing with age and a
frequent finding in the course of acute illness. As the incidence of cardiovascular disease increases with age, the
association of sex steroids with cardiovascular risk is of practical interest.

Objective: The aim was to investigate the incidence of hypotestosteronemia and the association of total free and bioavailable
T with some cardiovascular risk factors, as well as with the GRACE risk score in patients with acute coronary syndrome (ACS).

Materials and Methods: In the acute period after the onset of ACS, total testosterone, SHBG and calculated free and
bioavailable testosterone were measured in the patients. Cardiovascular risk profile data were taken from medical records.

Results: A total of 72 patients with ACS with a mean age of 56.12 years and 35 healthy controls with a mean
age of 54,22 years were included in the study. Patients with ACS had significantly lower levels of all testosterone
fractions compared to controls (for total, free and bioavailable T, p<0,05). Subnormal values of total T were found
in 52,78% of patients with ACS (versus 29,4% in controls, p<0,05) and for free T in 65,28% (versus 45,78% in
controls, p<0,05) Negative correlations were found between free T and troponin (rs=-0,266 p=0,024) as well as
between free T and GRACE, which persisted even after adjusting for age (r=-0,245, p=0,043).

Conclusion: In view of the results described, we identify free T as the hormonal marker most closely associat-
ed with cardiovascular risk as expressed by GRACE. Furthermore, we found a significant association between the
magnitude of myocardial necrosis (troponin) and free and bioavailable testosterone.

Key words: testosterone, free testosterone, androgens, cardiovascular risk, acute coronary syndrome

presence of obesity, diabetes, cardiovascular and neo-
plastic diseases more common with advancing age (4).
The level of sex hormone binding globulin (SHBG),

Introduction

In the course of aging in males, a decline in tes-

tosterone (T) levels is observed without anatomical al-
terations in the hypothalamic-pituitary axis (1). Such
functional hypogonadism against a background of low
T levels and symptoms of androgen insufficiency can
be categorized as late-onset hypogonadism (LOH) (2,
3). LOH results from the aging process, a weakening
of the activity of the hypothalamic-pituitary axis as well
as Leydig cells. This phenomenon is exacerbated in the

directly involved in testosterone binding and transport,
also increases with age (5).

Changes in T levels, in addition to age-related
changes, could occur in the course of acute illness in-
cluding cardiovascular events. Wang and associates (6)
confirmed this in a study of men with acute myocardial
infarction: a significant proportion of patients had low
T at the time of the incident compared with controls.
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Interpretation of this observation is further complicated
by the fact that patients with type 2 diabetes mellitus
have significantly lower T levels (7, 8). It has been sug-
gested that a complex bidirectional relationship consist-
ing of insulin resistance, obesity, and dysregulation of
the hypothalamic-pituitary-gonadal axis is behind the
pathogenesis of this disorder (9, 10). The authors offer
a possible hypothesis as to why patients with glucose
disorders have a higher incidence of hypothyroidism.
It has been hypothesized that low T may result from
a more sensitive hypothalamic-pituitary-gonadal axis,
leading to a reduced response from the testes to lu-
teinizing hormone (LH) under conditions of stress com-
bined with reduced LH secretion.

Despite evidence of an association between ACS
and T decline, it remains unclear whether impairments
in gonadal function are relevant to future cardiovascu-
lar risk. In a prospective study G. Corona (11) and asso-
ciates report lower risk of a new cardiovascular event in
patients with hypotestosteronemia in the acute period
of ACS. Consequently, the authors suggest a likely pro-
tective effect of hypogonadism (hypotestosteronemia)
in men at very high cardiovascular risk, analogous to
the low T3 syndrome. Conflicting data come from an-
other study in which low serum testosterone in the
acute period of ACS was associated with significantly
greater mortality in patients over 65 years of age (11).

Calculators estimating the risk of a new CV event
or death from a cardiovascular cause are available, one
of many being GRACE (The Global Registry of Acute
Coronary Events) (12). These risk calculators do not in-
clude an assessment of sexual function.

In view of the described dependencies and unre-
solved issues, we set the following objective: To investi-
gate the association of total free and bioavailable T with
some cardiovascular risk factors and with the GRACE
risk calculator score.

Materials and Methods

The patients were selected from among hospital-
ized men in the cardiology clinics mainly at the Uni-
versity Hospital ,St. Marina” in Varna - a total of 72
patients with ACS with an average age of 56,12 years
(range 36-70 years) and 35 controls with an average
age of 54,22 years (range 44-68 years). The control
group was recruited mainly from outpatients. In the pa-
tient group, blood was drawn between 8 and 10 am
before meals, 36-48 h after the onset of myocardial
ischemia. Inclusion criteria for the patient group were
the presence of ACS (acute myocardial infarction with
or without ST-elevation and hospitalization for unstable
angina pectoris). Myocardial infarction and unstable an-
gina are diagnosed according to the fourth internation-
al definition of myocardial infarction (13).

Exclusion criteria were the presence of uncompen-
sated endocrinopathies, including a history of hypogo-
nadism, intake of psychotropic medications, anabolic

steroids, hormone therapy or glucocorticoid intake in
the last 6 months, concomitant acute illnesses, and
recent surgeries. For the control group, history of ar-
terial hypertension and ischemic heart disease was an
additional exclusion criterion. In defining the lower limit
of testosterone, 9,2 nmol/l was used, according to the
recommendations for good clinical practice of the Bul-
garian Society of Endocrinology and of the ,Endocrine
Society” in the USA (14, 15). The lower limit of free T
was taken as 0,220 nmol/l (16).

The GRACE risk calculator aims to identify patients
at highest risk of death or new myocardial infarction
over a six-month period after the onset of ACS (12,
17, 18). Risk factors include those used in the GRACE
calculation as well as smoking, dyslipidemia, age older
than 50 years, and type 2 diabetes mellitus.

Albumin was analysed using a Siemens Advia 1800
analyser. Testosterone and SHBG were analysed using a
Siemens IMMULITE 2000 analyser. Free and bioavailable T
fraction were determined using the computational method
based on measurement of total T, SHBG and albumin (17).

Statistical analysis of the data was performed using
SPSS version 24. Student's t-criterion and Mann-Whit-
ney test were used. Correlation coefficients were calcu-
lated by the non-Spearman and Pearson methods. Sta-
tistical significance at p<0,05 was assumed for all tests.

Results

The distribution of risk factors was examined for
both groups. There was no statistically significant dif-
ference between them in terms of smoking prevalence
(x3(1)=1,101, p=0,2) with 60% (n=51) in the control
group and 72,9% (n=51) in the OCS group, respective-
ly (Table 1). There was also no statistically significant
difference in age and body mass index.

Table 1 shows the distribution of risk factors in the
group of patients with ACS. In the course of statistical
analysis, there was no difference in the levels of testos-
terone fractions according to age category, presence
of diabetes mellitus, Killip class and smoking (p>0,05)
There was also no statistically significant correlation
with the value of systolic blood pressure. (p>0,05)

Statistical analysis revealed a significant difference
in total, free and bioavailable testosterone levels be-
tween the ACS groups and controls. There was no sig-
nificant difference in SHBG values (30,71£10,88 nmo-
I/L versus 31,55+£10,46 nmol/L, p>0,05) (Table 2).

Using a threshold value for total testosterone of 9,2
nmol/l, we found that 52,78% of patients in the ACS
group would have been classified as having hypotes-
tosteronemia. For the control group, this was 29,41%
(Fig.TA). When using free testosterone <0,220 nmol/l as
criterion, 65,28% of patients in the ACS group would
be classified as having hypotestosteronemia compared
to 45,71% of controls (Fig.1B). There was a statistically
significant difference in the incidence of hypotestoster-
onemia between the ACS and control groups using
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both total (x*(1) =5,089, p=0,024) (Fig. 1A) and free T
(x(1) = 3,723, p=0,05) as criteria (Fig.1B).

There was a statistically significant, weak, negative
correlation between troponin values in the ACS group
and both free (rs=-0,266 p=0,024) and bioavailable testos-
terone (rs=-0,293 p=0,012) (Fig. 2A and 2B) An associa-
tion was also observed between bioavailable testosterone
and GRACE (rs= -0,262, p=0,028), as well as between
free T and GRACE score (rs=-0,239, p=0,047). The SHBG
value was positively correlated with the GRACE score
(r=0,312, p=0,008) and age (r=0,330, p=0,005) (Table 3)
(Fig. 2C and 2D). SHBG level was positively associated
with the value of total T (r=0,364 p=0,002). In the present
cohort, there was no association between BMI and total
T (r=-0,205 p=0,099). There was no statistically significant
correlation between lipid profile parameters and any of
the testosterone fractions or SHBG.

After adjustment for age, the correlation between
SHBG and GRACE loses its significance (r=0,078,
p=0,524) However, the association between free T
and GRACE retains its statistical significance even after
adjustment for age (r=-0,245, p=0,043), while that be-
tween GRACE and bioavailable T is of borderline statis-
tical significance (r=-0,230, p=0,058).

Discussion

In light of the results described, we identify free T
as the hormonal marker most closely associated with

cardiovascular risk as expressed by GRACE. Further-
more, the strongest correlation between the magnitude
of myocardial necrosis (troponin) is observed for free
and bioavailable T.

The patients studied were at an age where late-on-
set hypogonadism, a decline in total T levels due to dis-
ease, environmental factors, the physiological aging pro-
cess, and other hormonal systems would be expected.
In this regard, prospective studies have been conducted
and age-adjusted reference ranges have been proposed
(18, 19). These observations, as well as the variable clini-
cal presentation of male hypogonadism, make its charac-
terization with a clear biochemical marker difficult.

In both the control and patient groups, total T val-
ues were close to the lower reference limit (mean 8,9
in patients and 11,1 mmol/l in controls). It is at these
values that free T is more informative about the func-
tional status of the gonads (20, 21). In this case, we
used a threshold value of 9,2 nmol/I for total T or 0,220
nmol/l for free T, finding a significantly higher num-
ber of patients with hypotestosteronemia in the OCS
group. Using free T as criteria, we found a significant
increase in the incidence of hypotestosteronemia from
52,8% to 65,3% in the ACS group.

An indication that free T is a more informative mark-
er than total T is also found in the correlation between
T and troponin. Free and bioavailable T correlate nega-
tively with the size of the infarction zone (troponin level).

Table 1.

Baseline risk characteristics of patients.

ACS (n=72)
Smoking N=51 72.9%
Diabetes mellitus type N=16 22.5%
Another ASCVD N=9 12.85%
Dyslipidemia N=72 100%
Statin intake N=19 26.8%
ST-elevation N=53 74.6%
CHI N=8 11.27%
Kilip class 1 N=67 93.1%
N=2 2.8%
3 N=3 4.1%

Grace score

94.38+25.89 (86.95-101.82)

Systolic RR - mmHg

138.70 £28.04 (132.06-145.34)

Troponin - ng/mL

58.96+69.18 (42.71-75.22)

Creatinin - ymol/L

94.956 = 29.07 (88.13-101.79)

Parametric values are presented with

HDL cholesterol - mmol/L

1.15 £0.34 (1.07-1.23)

mean, tstandard deviation and 95% con-

LDL cholesterol - mmol/L

3.46 +1.23 (3.17-3.75)

fidence interval in parentheses.

Total cholesterol- mmol/L

5.45 +1.53 (5.1-5.81)

Triglycerides - mmol/L

1.91 £1 (1.67-2.15)

Abbreviations:
ASCVD - atherosclerotic cardiovsculard
disease;

CHI - chronic hearth insufficiency.
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ACS Controls p-value
Group differences between pa- (N=72) (N=35)
tients and controls.
Age (years) 56.12 £9.73 54.22 +7.23
(53.73-58.51) | (51.61-56.83) ns
BMI (kg/m?) 28.54+4.37 | 28.98 +3.52
(27.47-29.62) | (27.7-30.25) ns
T (nmol/L) 8.97+4.11 11.1£2.38 0.001
Differences in hormonal indices (8.01-9.94) (10.26-11.93)
between the studied groups.. SHBG (nmol/L) 30.71£10.88 | 31.55+10.46
Given are: mean value, £SD, in (28.16:33.27) | (27.95-35.14) ns
brackets 95% confidence interval. : : i i
Abbreviations: ns - p>0,05; Free T (nmol/L) 0.19£0.09 0.22+.04 0.006
BMI, body mass index; (0.169-0.211) | (0.21-0.24)
ACS, acute coronary s )./nd.rom e Bioavailable T (nmol/L) 4.41£2.15 5.60+0.89 0.001
SHBG, sex hormone binding glob- (3.902-4.912) | (5.28-5.92)
ulin, in brackets 95% confidence ) ) o
interval.
Percentage distribution of patients according to T level.
A) total T; B) calculated free T.
00— 100 —
807 47,22% 807 34,72%
70,59% 54,29%
60 —

52,78%

ACS
n=72

Total T (nmol/l)

>9,2 . <9,2

29,41%

Controls
n=35

65,28%

ACS
n=72

Free T (nmol/l)

45,71%

Controls
n=35

>220 (nmol/l) . <220 (nmol/l)
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Correlation between T fractions, GRACE, and
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This correlation should be interpreted considering the sensitiv-
ity of the laboratory method to measure troponin up to a max-
imum of 180 ng/ml. This observation gives reason to believe
that free and bioavailable T better reflect the severity of ACS.
A similar association, but of total T with troponin, was found
by Gencer et al (22, 23).

In contrast to the present study, others have described a
relationship between the severity of coronary atherosclerosis
and total T levels. In one of them, this was done for stable
arterial coronary disease and for ACS using angiographic indices
(24). Other investigators have found an association between the

number of affected branches and the severity of arte-
rial coronary disease measured by SYNTAX and T lev-
els (25, 26). In a Bulgarian study by Semerdjieva (27),
on the other hand, no association was found between
total T or DHEA-S values with troponin levels or with
the SYNTAX score.

Furthermore, we found no association be-
tween BMI and total T in the patient group. We
hypothesized that this was a consequence of the
decline in T that occurred during the course of
ACS, distorting the well-known relationship.

The other biochemical marker directly related
to T is SHBG, the major binding protein for testos-
terone in the circulation. 28 We found that SHBG
demonstrated a positive association with the
short-term risk of cardiovascular death and new
myocardial infarction as expressed by the GRACE
risk calculator score. A linear increase in SHBG
with age in male sex is known (6), an observation
that is supported by our data.

Age is also one of the factors involved in the
GRACE calculation. After adjustment for age, the
correlation between the two parameters lost its
statistical significance.

However, the association between SHBG lev-
els and cardiovascular mortality has been examined
in other prospective, cohort studies in men aged
40 to 69 years (29). The authors found that higher
SHBG levels were associated with risk of death, in-
dependent of T levels, presence of thyroid dysfunc-
tion, liver disease, and anticonvulsant intake. On
the basis of these results, we would suggest that
plasma SHBG protein concentration could possi-
bly be a predictor of long-term cardiovascular risk
in stable c-s patients but not of 6-month risk in pa-
tients with ACS in view of our results.

On the other hand, the correlation of free T
with GRACE maintained its statistical significance
even after adjustment for age. Since in our study
we used calculated free and bioavailable testoster-
one their concentrations are a direct consequence
of SHBG and total T levels.

For this reason, we could assume that SHBG is
related to cardiovascular risk insofar as it determines
free T levels. Other investigators have reached a similar
conclusion comparing mortality in patients with diabe-
tes mellitus in relation to SHBG and total T levels (30).

Whether free T modulates risk could not be clar-
ified by the present study. The lack of a statistically
significant correlation between total T and risk char-
acteristics and between bioavailable T and GRACE
after controlling for age once again identifiesfree T as
a more appropriate biomarker in the setting of ACS.

Because SHBG has other determinants be-
sides age, the possibility that SHBG may be as-
sociated with mortality for reasons other than its
age-related increase must be considered.
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Correlations between A) troponin and free T; B) troponin and bioavailable T;
C) GRACE and free T; D) CRACE and bioavailable T.

Table 3. Correlation between biochemical parameters and androgen and SHBG levels.

HDL LDL Total Ch TG Troponin GRACE Age
T 0,199 0,032 0,059 0,044 0,175 0,026 0,107
<9.2 nmol/L p=.096 p=.793 p=623 | p=724 p=.143 p=.829 p=.370
Free T 0,081 -0,019 0,108 -0,026 -0,175 -0,099 0,004
<0.220 nmol/L| p=.504 p=.872 p=366 | p=.836 p=.142 p=.414 p=.977
Total T - nmol/L 0,222 -0,033 0,013 -0,091 -0,217 -0,135 0,093
p=.063 p=.785 p=916 | p=.459 p=.067 p=.266 p=.437
Free T - 0,149 -0,067 0,016 -0,047 -0.266* -0.239* -0,033
nmol/L | p=214 p=.577 p=.895 p=.705 p=0.024 p=0.047 p=.785
Bioavaiable T - 0,188 -0,092 0,030 0,025 -0.293* -0.262* -0,049
nmol/L| p=.116 p=.444 p=.803 | p=.840 p=.012 p=0.028 p=.681
SHBG - nmol/L 0,182 0,182 0,036 -0,223 0,050 .0312* 0.330*
p=.130 p=.128 p=764 | p=.068 p=.675 p=0.008 | p=0.005

Legend: total Ch - total cholesterol, TG - triglycerides; TT < 9,2 - free testosterone below 9,2 nmol/I;
FT <0,220 - free testosterone below 0,220 nmol/l; * - significant correlation.

Conclusion

Based on the information presented, we can conclude that free T is the hormonal marker most closely asso-
ciated with cardiovascular risk as expressed by GRACE. Furthermore, a strong association was observed between
the magnitude of myocardial necrosis, as measured by troponin, and free and bioavailable T levels. These results
highlight the potential importance of hormonal markers in cardiovascular risk prediction.
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CnucaHue ,EHgokpuHOAO2uf”, u3gaHue Ha
bbAreapckomo gpykecmBo No eHgoKpuHOAO2US,
u3au3za B 4 KHUXKU 20guwHO. B Hez2o ce omne-
yamBam opu2uHaAHU Hay4YHU CMamuu, onucaHuA
Ha KAUHUYHU CAy4Yau, o630pu, peueH3uu, UHgop-
mauus 3a npoBegeHu u npegcmoawu Hay4HU Cb-
H6umua u gpyau mamepuaau 6 cpepama Ha KAu-
HUYHamMa eHgokpuHoAozua. O630pHUMe mame-
puaau om Oba2apcku aBmopu u3auzam Ha Gba-
2apCKU e3UK C pe3iome Ha BbA2apcku U aH2AUlC-
Ku e3uk. Opuz2uHaAHUMeE Cmamuu u Ka3ycu ce
omneyamBam egHoBpemeHHO Ha GbA2apcku u
aHa2Aulcku e3uk. o ycmompenue Ha aBmopcku-
me koaekmuBu u npeugHka Ha pegakyuoHHama
kore2ua Bb3 ocHoBa xapakmepa Ha Mamepuaaa,
HAKOU OpU2UHAAHU cmamuu mozam ga Obgam
nybaukyBaHu camo Ha BbA2apcku e3uk. Mamepu-
aaume, npegocmaBenu om uyxgu aBmopu, ce
nomecmBam Ha aH2AUUCKU e3UK C UAAOCMEH UAU
nogbpax npeBog Ha 6bA2apCcKu €3UK N0 NpeueH-
Ka Ha pegakyuoHHama KoAezus.

Mamepuaaume ce uznpawam Ha 6bA2apcku
e3uk B8 eaekmpoHen Bug ¢ wpudpm Times New
Roman, pagmep 12 Ha e-mail Ha 2aaBHua pegakmop

The journal of the Bulgarian Society of
Endocrinology ,Endocrinologia” is published in 4
issues per year. It accepts for publication original
research papers, case reports, short communica-
tions, reviews, opinions on new medical books,
commentaries and announcements for past of
future scientific events (congresses, symposia, etc.)
in all fields of clinical Endocrinology.

The reviews are published in Bulgarian lan-
guage with an abstract both in Bulgarian and English.
The original papers and case reports are published
also in both languages. Some original research
papers may be published in Bulgarian only, depend-
ing on the content and the decision of the authors
and the editors. Papers of non-Bulgarian authors are
published in English with full of partial translation into
Bulgarian, provided by the Editorial board.

The manuscripts should be submitted initially
in Bulgarian (for materials from abroad - in English)
as MS Word.doc files, formatted in 12 pt. Times
New Roman typeface. The manuscript is then
checked for compliance with the edition’s require-
ments and sent to the reviewers. If accepted for
publication after the review, the authors are
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(3a uyrkgecmpaHHume mamepuaAu - Ha aHeAulCKuU
e3uk). Caeg peugH3upaHe u npuemare 3a neyam 6
CpOK go 3 cegmuuu okoHuameAHuam BapuaHm ce
npegocmaBa ¢ npeBog Ha aH2AulcKU e3uK (C u3-
KAlOUeHue Ha 0630pume) Ha e-mail Ha 2aaBHua pe-
gakmop € NPUgPY>KUMEAHO NUCMO Ha agpeca Ha
pegakuuama, nognucaHo om aBmopume, ¢ Koemo
nomBbpkgaBam cbaracuemo cu 3a yyacmue u
gekAaapupam, ve mamepuarbm He e omneyamBax
8 gpyau HayuHu cnucaHusg, ocBer kamo pe3iome Ha
CbobWEeHUe, U3HECeHO Ha HayueH (hopym.

Ob6embm Ha npegcmaBeHume mamepuasu
He mpa6Ba ga npeBuwaBa 10 cmaHgapmHu (no
1800 3Haka) cmpaHuuyu 3a opu2uHaAHUMe cma-
muu, 14 cmpanuuu 3a o630pHUMe cmamuu, 4
CMpaHuyu 3a Kazycume, 2 cmpaHuuu 3a uHgop-
mauua OMHOCHO Hay4HU NpoaBu u HaYy4YHU gUCKY-
cuu, T cmpaHuua 3a peueH3uu Ha moHozpaduu,
yyebHuuu u np. B nocoueHua obem He ce Braiou-
Bam mumyaHama cmpaHuua u pe3iomemo.

Cmpykmypama Ha cmamuume mpa66a ga
omeoBapa Ha caegHume u3uckBaHus:

TumyaHa cmpaHuua

a) 3a2aaBue, umena Ha aBmopume, mecmo-
paboma, HayuHa opeaHu3auus. Npu noBeue abB-
mopcku 38eHa ¢ apabcka yupa ce mapkupam
KopecnoHgupawume um aBmopu.

0) cbwume gaHHU Ha aH2AUUCKU e3UK Ce U3-
nucBam nog Gba2apckua mekcm. [pu cmamuu
om uyxgu aBmopu 6baeapckuam mekcm caegBa
aH2AUUCKUA.

8) agpec 3a KopecnoHgeHUUA - Cbgbpika
gaHHume Ha aBmopa 3a KopecnoHgeHuua Ha ObA-
2apCku U aH2AUUCKU e3UK - ume, mecmopaboma,
NOWEHCKU U eAeKMPOHEH agpec.

Pe3iome
Pesiomemo ce npegcmaBa Ha omgeAHa
cmpanuya 8 o6em go 250 gymu. To mpabBa ga
Obge cmpykmypupaHo kakmo caegBa: uea, ma-
MepuaAu u Memogu, pe3yamamu u 3akAtoHeHuA.
Tazu cmpykmypa He Baxu 3a 0630pHUMe cma-
muu. NMocouBam ce go 5 katouoBu gymu.

OcHoBen mekcm
OpuzuHaaHume cmamuu mpabBa ga ca
cmpykmypupaHu kakmo caegBa: BbB8egerue, ma-
mepuaA U Memogu, pe3yamamu, ob6cbXKgare,
3akAloueHue u/uau u3zBogu. B mekcma ce gonyc-
Kam camo O(UUUAAHO NpUemu MeXgyHapogHu
CbKkpaweHua, ocmadaaume mpatBa ga 6bgam

required to submit within 3 weeks the corrected
version together with the English language transla-
tion (not applicable for review articles). A cover let-
ter, signed by all authors is mailed to the editors,
stating any conflicts of interest and that the manu-
script in full or any part of it has not been pub-
lished elsewhere or simultaneously submitted for
publication, except as an abstract of congress par-
ticipation.

The size of each paper should not exceed 10
standard pages (1800 characters) for original
research articles, 14 pages for reviews, 4 pages for
case reports, 2 pages for short communications,
discussions or scientific events announcements or
comments and 1 page on medical book reviews.
The manuscripts should be structured as follows:

Title page

a. Title, names of the authors (family name fol-
lowed by given name), affiliation. If more than one
affiliation, they should be designated by Arabic
numbers in Bulgarian and English languages.

b. A short title up to 8 words should be pro-
vided

c. Address of the corresponding author name,
postal address (business of home as preferred),
phone number, fax number, email address.

Abstract

The abstract should occupy the next page of
the manuscript and not exceed 250 words. The
abstracts of original research papers should be
clearly structured with Aim; Materials and meth-
ods; Results; Conclusions. Abstracts of review
papers may not follow that structure. Up to five
key words should be written after the abstract.

Main text

Original papers should be structured as fol-
lows: Introduction; Aim; Materials and methods;
Results; Discussion; Conclusions. Any abbreviation
that is not commonly accepted should be written in
full followed by the abbreviation in parentheses at
first mention in the text. The International System of
Units (SI) should be used for all measurement units.
Citations in the text are designated by their bibliog-
raphy sequential numbers in parentheses.

Tables and figures

Each table should be on a separate page after
the bibliography with the table caption preceding
it. All illustrations should be submitted as separate
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YkasaHug 3a aBmopume

Instructions to authors

noacHeHu 8 mekcma npu nbpBama um noaBa. 3a
MEPHUME eguHUUU € 3agbAXKUMmeAHa MeXgyHa-
pogHama cucmema SI. Llumamume Bvmpe 6
mekcma ce ombeaazBam camo ¢ Homepama um B
KHU20NUCa, 02pageHu C MaAku CKOOU.

TabAuyu u uaArocmpauyuu

Bcaka mabauua ce npegocmaBa Ha omgea-
Ha cmpaHuua caeg kHuz2onuca. 3azaabuama Ha
mabauuyume ce uznucBam Hag max. Malocmpauu-
ume ce npegcmaBam Ha omgeaHu ¢ataoBe. pa-
duku u guazpamu ce npegocmadam 666 dopma-
mu xls (MS Excel), .ppt (MS PowerPoint), .eps
(encapsulated postscript), koumo no3zB8oaaB8am
pegakmupaHe. CHumku (cobcmBenu), kKakmo u
penpogykuuume Ha noa3zBaHu om yyxgu uzmou-
Huuu om MumepHem ga 6bgam npegcmabanu ¢
gobpo kauecmBo 666 popmam JPEG u pe3onio-
yua 300 dpi. Tekcmbm KbmM uAlOCMpaguume ce
npegcmaBa B kpaa Ha ocHOBHUA mekcm, caeg
mabauuume. Homepauuama Ha mabauuyume u
uAloCcmpayuume e ¢ apabcku uugpu u ce Nocou-
Ba 6 ocHoBHua mekcm. [Mpu u3znoa3zBaHe Ha
yykg uastocmpamuBeH mamepuaa, nOCAEgHUAM
mpabBa ga 6bge npugpyxeH cbc cbomBemHo
cbeaacue 3a Bb3npousBexxkgaHe om Hocumean Ha
aBmopckume npaBa. ToBa ce ykazBa 8 mekcma
KbM UAIOCMpayuama.

KHuz2onuc

Knueonucbm ce npegcmaBa Ha omgeaHa
cmpaHuua. bpoam Ha uumupaHume uzmouHuyu
e npenopbyumeAHo ga He HagxBbpaa 25 (3a 06-
3opHume cmamuu 40) kamo caegBa ga BkaouBa
aKmyaAHU U3MOYHUUU OM nocaegHume 5 20gu-
HU, Kakmo u nybAukayuu om Gbaz2apcku aBmopu,
pabomuau no cbomBemuusa npobaem. Mogpex-
gaHemo Ha uzmouHuuyume ga cmaBa no pega Ha
noaBa B8 mexkcma. KHuzonucbm ce opopma cbe-
AacHo YHudpuuupaHume u3uckBanus 3a nybauka-
uuu B8 o6aacmma Ha GuoAo2uaAMa U MeguuuHama
u e onpocmena Bepcua Ha cmua BankyBoup (http:
//www. ncbi. nlm.nih. gov/pmc/ articles/ PMC
3142758/). Bcuuku aBmopu ce ombeaazBam c
hamuAHO ume, nocaegBaHo om uHUUUAAUME.
IMpu noBeue om wecm aBmopu, caeg wecmusa ce
nocmaBsa et al. CaegBa uaromo 3azaaBue Ha uu-
mupaHama cmamus (c 2aaBra 6ykBa e camo Ha-
YyaaHama gyma), HazBaHue Ha cnucaHuemo u3nu-
caHo cbkpameHo cnopeg Index Medicus, 2o0guHa,
mom, 6pol Ha kHuxkkama B maaku ckobu (He3a-
gbAKUMEAEH NPU U3gaHUA C HENPEKbCHAMO

files. Diagrams and graphs should be prepared in
XLS (MS Excel), PPT (MS PowerPoint), EPS (encap-
sulated postscript) file formats that permit further
processing. Bitmap images (photographs etc.)
should be submitted in JPEG format and resolution
300 dpi. The figure captions are added to the main
article document after the tables. All tables and fig-
ures are numbered sequentially and should be
referred to in the text. If illustrations from other
sources are used, the latter should be accompa-
nied by the relevant permission for reproduction
with a reference in the figure caption.

References

The references should be presented on a sep-
arate page at the end of the manuscript. It is rec-
ommended that the number of references should
not exceed 25 titles for original research articles
and 40 titles for the reviews. It is advisable that
sources on the topic from the recent five years be
used. The references are listed in their order of first
appearance in the text. They should follow the
Vancouver format and the Uniform requirements
(http:// www.ncbi. nlm. nih.gov/pmc/ articles/
PMC 3142758/). All authors should be listed for
papers with up to six authors; for papers with more
than six authors, the first six only should be listed,
followed by et al. The authors are followed by the
full title of the paper (Only the first word is capital-
ized). The journal title is abreviated in conformity
with the latest edition of Index Medicus, followed
by year, volume, issue in parentheses (not neces-
sary for periodicals with a continuous pagination
throughout the volume) and full first and last page.
Chapters of books are cited in the same way, the
full name off the chapter first, followed by ,In:”, full
title of the book, editors, publisher, town, year, first
and last pages of the cited chapter.

Examples
Reference to a journal article:
1. Mclachlan S, Prumel MF, Rapoport B.
Cell Mediated or Humoral immunity in Graves’
ophthalmopathy? |/ Clin Endocrinol Metab 1994;
78 (5): 1070-1074.

If the original cited paper is in Bulgarian:

2. Christov VI, Gocheva N, Petkova M,
Zacharieva S, Tankova Tz, Orbetzova M, et al. A
consensus of the Bulgaran Institute Metabolic Syn-
drome on the metabolic syndrome. Nauka
Endocrinologia. 2010; 2: 53-70 (in Bulgarian)
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HOMepupaHe Ha cmpaHuuyume 6 moma), NbAHU
HayaAHa u KpalHa cmpaduua. MaBu (pa3geau)
om KHu2u ce u3znucBam no aHarO2UYEH HauuH,
kamo cAaeg aBmopa u 3azaaBuemo Ha 2aaBama
(pazgena) ce ombeaazBam umeHama Ha pegakmo-
pume, nbAHOMO 3azAaBue Ha KHU2ama, u3gamen-
cmBomo, 2pagbm u 2oguHama Ha u3zgaBane, Ha-
YyaAHama u kpatiHama cmpaHuua. Vi3mouHuyume
Ha Kupuauua caegBa ga 6vbgam npegcmaBeHu u ¢
opueuHaaHua um npeBog Ha aHa2AulCKU UAU
mpaHcAumepauua (ako U3mMoYHUKbBM HAMA Opu-
2uHareH npeBog Ha 3azaaBuemo u pe3iome Ha aH-
2aulicku) u cbe 3abeaexka 8 ckobu (in Bulgarian).
KHu2onucbm Ha op2uHaAHUMeE cmamuu ce omne-
yamBa caeg aHzaulckuA mekcm.

Mpumepu:

Cmamusa om cnucaHue:

1. MclLachlan S, Prumel MF, Rapoport B.
Cell Mediated or Humoral immunity in Graves’
ophthalmopathy? | Clin Endocrinol Metab 1994;
78 (5): 1070-1074.

2. Christov VI, Gocheva N, Petkova M,
Zacharieva S, Tankova Tz, Orbetzova M, et al.
A consensus of the Bulgaran Institute Metabolic
Syndrome on the metabolic syndrome. Nauka
Endocrinologia. 2010; 2: 53-70 (in Bulgarian)
(XpucmoB Ba, F'oueBa H, INemkoBa M, 3axapu-
eBa C, OpbeuoBa M u cvaBm. KoHceHcyc Ha
bbAzapckua uHcmumym ,MemaboAumeH cuH-
gpom” 3a noBegeHue npu memaboAumeH CUHg-
pom. Hayka Engokpurnonoeua 2010; 2: 53-70).

Ia6a (pazgea) om kHuza:

1. Delange F. Endemic Cretenism. In: Brave-
man L, Utiger R, editors. The Thyroid. 9-th ed.
Philadelphia: Lippincott Co; 1991. p. 942-955.

Mamepuarume mpa66a ga ca HanucaHu Ha
npaburen 6wvrzapcku, pecnekmuBHO aHzAUGCKU
e3uk npu cnazBane Ha cbBpemennume npabBuna 3a
npaBonuc u nyukmyayua. lpenopvyumenno e ab-
mopume ga KOHCYAMupam aHzAulCKUA MmeKcm C
guroroz uau aHzaozoBopaw. Pegakyuama mosxe
ga Hacoyu kem kBaauguyupanu npeBogayu 3a
npeBog uau pegakmupaHe Ha mamepuaaume Ha
aHZAULCKU e3uK cpewjy 3ansaujane. Mamepuaau,
Koumo He omzoBapam Ha uzuckBanuama Ha cnu-
canuemo, ce Bpwvujam Ha aBmopume 3a kopexkyuu
npegu ga 6bgam npegageHu 3a peyeH3zupaHe.

(XpucmoB Ba, FoueBa H, lNemkoBa M, 3axapueBa
C, OpbeuoBa M u cvaBm. KoHceHcyc Ha bbazap-
cKua uHcmumym ,MemaboAumeH cuHgpom” 3a
noBegeHue npu memaboaumeH cuHgpom. Hayka
EHgokpuHorozua 2010; 2: 53-70).

References to a book chapter:

1. Delange F. Endemic Cretenism. In: Brave-
man L, Utiger R, editors. The Thyroid. 9-th ed.
Philadelphia: Lippincott Co; 1991. p. 942-955.

The manuscripts should be prepared in good
contemporary language with correct spelling, gram-
mar and punctuation. Non-native English authors
are advised to consult the text with a native speaker
or a philologist. On demand, the editors might rec-
ommend paid qualified translators for text transla-
tion or language proof-reading. Manuscripts that do
not comply with the requirements of the journal will
be returned to the authors for corrections before
being forwarded to the reviewers.
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