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Ob3op /Review

PoAg Ha npogbrkumeAHOmMO 2A10k03HO MOHUMOpUpAHe 3a
2nukeMuyHug koHmpoA npu nayueHmu cbc 3axapeH guabem

boagxueBa, Muaa b., XagxxueBa, Eauua I'., Xpucmo306, Kupua X.
KAuHuka no EHgokpuHoAaoz2ua u boarecmu Ha obmaHama, YMBAA ,CBema MapuHa”, BapHa

The Role of Continuous Glucose Monitoring in Glycemic Control of

Diabetic Patients

Boyadzhieva, Mila B., Hadzhieva, Elitsa G., Hristozov, Kiril H.

Clinic of Endocrinology and metabolic diseases, ,Sveta Marina” University Hospital

Pesiome

M3BecmHo e, ye 3HauumeaHume Bapuauuu 6
HuBama Ha kpbBHama 2atoko3a (KI) npu nayueHmu
CcbC 3axapeH guabem (3A) umam HebAazonpuame
edpekm Bbpxy HOPMAAHOMO (PYHKUUOHUPAHE HA
ueHmpaaHama HepBHa cucmema u pucka om pa3Bu-
mue Ha MUKpPO- U MakpoBackyaapHu YcCAO>KHeHuA.
TpaguyuoHHUME POPMU Ha 2AOKO3HO MOHUMOPU-
paHe He no3BoaaBam omuumaHe Ha geHOHOWHUME
dpAaykmyauuu B HuBama Ha 2aukemuama. BvBexga-
HEemMo Ha cucmemume 3a NPOGgbAXKUMEAHO 2AIOKO3-
HO moHumopupaHe (INTM) pazkpuBa HoBu Bb3modk-
Hocmu - ycmaHoBaBaHe Ha Henogo3upaHu 2AUKe-
muuHu Bapuauuu, ugeHmuguuupaHe Ha Hepa3nos-
Hamu XunozAaukemuu, no-gobpa Bu3yasuzauusa Ha
2AUKEMUYHUA eeKm Ha XpaHeHuama, hu3uyecku-
me HamoBapBaHua, megukameHmume, cmpeca.
Bcuuko moBa 6u moz2a0 ga nognomoeHe obyueHue-
MO Ha nauueHmMumMe U ga yrAecHu npomaHama 6 me-
paneBmuuyHomo peweHue C ueAa ,no-6e3zonacHo”
nogobpeHue Ha 2AuKemuyHUA KOHMpoA. HezaBucu-
MO om npegumcmBama, koumo npegocmaBa MM,
pe3zyamamume om npoBegeHu KOHMPOAUPAHU paH-
gomu3upaHu npoyyBaHua ca pa3HONOCOYHU NO Om-
HOWeHuUe Ha nocmuzHamama pegykuua 6 HuBama
Ha 2AuKupaHua xemo2ao6uH (HbA, ). OcmaBa HeHa-
NbAHO ymouHeH BbNpPoCcbM Npu KOu 2pynu NauueH-
mu npuao>keHuemo Ha MM we 6bge ¢ Had-Bucoko
cbomHoweHue ueHa/edekmuBHocm.

KaroyoBu gymu:

Abstract

Highly variable blood glucose levels have
detrimental effect on normal central nervous sys-
tem functioning and the risk of micro- and
macrovascular diabetic complications.
Conventional glucose monitoring is insufficient
for detecting diurnal glycemic fluctuations. The
use of continuous glucose monitoring systems
(CGMS) offers new advantages for detecting
unexpected glycemic excursions, identifying
unsuspected hypoglycemia and providing feed-
back to patients about the effect of food choices,
activity, medication and stress on glycemic con-
trol. Such technologies could benefit the educa-
tion of diabetic patients and make therapeutic
decisions easier thus achieving better glycemic
control in a safe manner. Regardless of the
advantages that CGMS bring, results from ran-
domized controlled clinical trials addressing
reduction of glycated hemoglobin are not uni-
form. Further investigations are needed to assess
which groups of patients would mostly benefit
from the use of CGMS having the best cost/effec-
tiveness ratio.

Key words:

NPOgBAXKUMEAHO 2AIOKO3HO MOHUMOPUPAHE; 2AU-
KeMUu4YeH KOHMPOA; 2AUKEMUYHU (DPAYKMYauuu

continuous glucose monitoring; glycemic control;
glycemic fluctuations
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Muna b. boagxueBa u compygHuyu

BbBegeHue

Kamo couuaaHo-3Hauumo 3aboanBaHe, 3axapHu-
am guabem (3A) noBauaBa kauecmBomo Ha >xuBom
Ha 3aceeHamume nauueHmu, yBeauvaBaiku 3Hauu-
meAHO pucka om 3aboaeBaemocm u cmbpmHocm.
MpenopbuBaHume om pazAUYHU MEgUUUHCKU Opea-
HU3auuu ,ambuuyuo3HU” ueAu 3a gobbp 2AUKeMUYEH
KOHMPOA ca mpygHo nocmuxkumu. HuBama Ha
HbA,. ocmaBam Hag uHguBugyaaHo-3ar0KeHua
map2em npu 20AAM NPOUEHM OM nauvueHmume, a
3ag nocmuzHamua npuBugHo ,gobbp” 2AUKemuYeH
KOHMPOA YeCcmo ce Kpuam Hepazno3Hamu Xunoz2Au-
kemuu. HoBume mexHoAO2UU 3@ NPOGHLAXKUMEAHO
2AI0KO3HO MoHumopupane (MFM) gaBam uHgopma-
yua 3a Bcuuku BaxkHu gemadau 6 geHoHowHume Ba-
puayuu Ha KpbBHo-2AI0KO3HUME HUBa, KOUMO He Mo-
2am ga ce peazucmpupam upe3 HbA;. uau uzmepBa-
Huama om camokoHmpoaa. OgobpeHu 3a npbB Nbm
om FDA npe3 1999 2., me3u cucmemu npembpnaBam
HenpekbCHam mexHoAo2UYeH npozpec u ce npebpob-
wam 666 Bce no-HagexxgHU UHCMPYMEHMU 3a KAU-
HUYHaMa npakmuka.

KakBo npegcmaBagaBam ycmpotcmBama 3a
MrM u kakBu Bv3amoxkHocmu npegocmaBam

YcmanoBeHo e, ue HuBama Ha 2Aatoko3zama 6
NOgKO>XHamMa uHmepcmuyuasHa me4yHocm ca gocma
CXOgHU C KpbBHO-2AlOKO3HUMe HuBa. HaauuHume
cucmemu 3a MM ce cbcmoam om ceH30p- MbHbBK
memaneH uaameHm, koimo ce nocmaBa 8 nogko-
>KUEmO, MmpaHcmumep U NpuemHuk, go Koumo ce
npegaBam pezyamamume. Omuuma ce aBmomamuv-
Ho HuBomo Ha 2Atoko3ama B8 uHmepcmuuuyma Ha
Bceku 5 muHymu, 24 vaca 6 geHoHowuemo, 8 npo-
gbAXKeHue Ha 3-7 geHa - uAau obwo 288 uzmepBaHusa
gHeBHo. [NepcoHarHume ycmpoucmBa 3a M (,Real-
Time” Continuous glucose monitors) npumeskaBam
gucnaed, Ha koimo cBoeBpemeHHo ce nokazBam no-
AYUYEHUME pe3yamamu, u arapmu, hpeynpexgaBawu
nayueHmMume 3a HaCMbNUAU UAU 3anrawBawu xu-
NO2AUKEMUU, UAU 3@ 3Ha4UMEAHU Xunepaaukemuu. To-
Ba no3zBoanBa cBoeBpemenHa kopekuusa B uHcyauHo-
Bume go3u, npegna3BaHe u cBoeBpemeHHo oBaaga-
BaHe Ha noBmapawu ce uHBaAaugu3zupawu Xuno2Au-
Kemuu, 0cobeHO Npu HapyweH ycem Ha nauueHmu-
me. [lpogecuoHarHume ycmpoucmBa 3a [1TM ga-
Bam Bb3moxxHOCM camo 3a pempocnekmuBeH aHa-
AU3 U He npumexaBam arapmu. M npu gBama Buga
cucmemu nocaegBawomo npexBbpaaHe Ha UHpOP-
mauuama Ha komniombup no3BoaaBa epadpuyHo npeg-
cmabaHe Ha haykmMyupawume 2Al0KO3HU HuBa, Kak-
mo u ycmaHoBaBaHe Ha cxogHu meHgeHuuu 6 2auke-
mudHume Bapuauuu npe3 pazaudyHume geHoHo-

wusa. ToBa onpegean BaxkHama um poaa 6 pazkpuBa-
HEemo Ha Hepazno3Hamu Xunoz2Aukemuu, ocobeHo
HOWHU, OonpegeAsHe emuoAO2uAma Ha CympewHu
xunepzaukemuu u gobpa Buzyasuzayun Ha 2AUKEMUY-
HUA edpekm Ha XpaHeHuama, huzudyeckume Hamo-
BapBaHua, megukameHmume, cmpeca.

Mpenopvku 3a ynompeba npu geua u
nogpacmBawu

INMpomuBopeuuB e Bbnpocbm 3a noAzama om
MM npu geua u nogpacmBawu cbe 3A mun 1. Pe-
3yAmamume Om HAKOAKO KOHMPOAUPAHU paHgoOMU-
3upaHu npoyudBaHua He nokazBam cmamucmuuecku
3HauYUMa pPa3zAUKa MeXXgy KOHMpoAHama 2pyna u 2py-
nama, NOgAOXKEHa Ha NPOgbAKUMEAHO 2AIOKO3HO
MOHUMOpUpaHe No omHoweHue HuBama Ha HbATcu
Bpememo, npekapaHo B xunozaukemus, Kamo ce Hab-
AtogaBa noaoXKumeaHa Kopeaauua Mexkgy NocmuzaHa-
mama pegykuua Ha HbA;. u yecmomama Ha npuao-
>KeHue Ha nepcoHaAHume ycmpoucmBa 3a MMM (1).
B npoyuBaHemo STAR 3 (2) cpeg nauueHmu cbcC 3A
mun 1 ce HabatogaBa cueHUPUKAHMHO NOHUXKeHue
Ha HbA;. u no-2zoaam npoueHm nocmuzHaru HbATc
<7% B 2pynama, npemuHaaa Ha AedeHue C UHCYAUHO-
Ba nomna c uHmezpupaH 2AlK03eH ceH3zop, 6 cpab-
HeHue ¢ KOHMpOAHaMa 2pyna Ha uHmMeH3upuuupaH
uHcyAauHoB pexkum. He e omuemeHa, obauve, 3Havuma
pa3auka 6 yecmomama Ha mexXKume Xuno2Aukemuu,
enuzogume Ha guabemHa kemoauugo3a uAu KpadHo-
MO MeAecHO mez2A0 mexxgy 2pynume. MogobHu pe-
3yAamamu ca NOAYYEHU U NpU NUAOMHOMO npoysBa-
He DirecNet - pegykuua Ha HbA;. cpeg nauueHmu c
uHmMezpupaHa cucmema UHcyAauHoBa nomna/2AtoKo-
3€H CeH30p Ha (POHA HAa NOHUYXKEHA 2AUKeMuYHa Bapu-
abuaHocm (3).

IMpenopbkume Ha EHgokpuHHama opzaHuzauua
3a gobpa kauHuyHa npakmuka (Continuous Glucose
Monitoring: An Endocrine Society Clinical Practice
Guideline, 2011) 3a npuaoxeHue Ha MM npu geua u
nogpacmBawu cbe 3A mun 1 ca:

* npuaoXkeHue Ha uHguBugyaaHu ycmpoltcmBa
3a INI'™M npu cmoUHOCMU Ha 2AUKUPaHUA XEMO2AOOUH
<7,0% c ueA noggbpykaHe >keanaHume HuBa Ha HbA,
Npu O2paHuUYeH puck om xunozaukemuu (Bucoko Hu-
6o Ha gokazameacmBo);

* npuaokeHue Ha uHguBugyaaHu ycmpotcmBa
3a ['N'M npu cmoUHOCMU Ha 2AUKUpaHUA XeMO2AOOUH
> 7,0% npu nauyueHmu, koumo umam Bb3moxHOCM
3a noumu exxegHeBHO u3znoa3zBaHe Ha cucmemume
(ymepeHo HuBo Ha gokazameacmBo);

* HAMa Npenopbku 3a uAau npomuB npuaoxke-
Hue Ha T™M npu geua < 8 2oguwHa Bb3pacm;

* npegnoaaza ce noA3a npu ynompeba Ha npo-
pecuoHarHu ycmpoucmBa 3a MM npu nogo3upaHu
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OM KAUHULUCMA HOWHU XUNO2AUKEMUU, (DEHOMEH Ha
30pama, nocmMnpaHguaAHU XunepaAukemuu; npu na-
UUEHMU C HapyweH ycem 3a XUno2AUKemuu; npu na-
UueHMuU, Ha Koumo npegcmoam cbuecmBeHu npo-
meHu B aHmuguabemHama mepanua (kamo Hanpu-
mep BkatouBare Ha HOB Bug UHCYAUH uAU NnpemuHaBa-
He OM UHMeH3UMUUUPaM UHCYAUHOB pexxum Ha me-
panus ¢ uHcyauHoBa nomna) (MHO20 Hucko HuBo Ha
gokazameacmBo).

Mpenopvku 3a ynompeba npu BrapacmHu

MemaaHaau3 Ha gaHHUmMe om 6 paHgomu3upa-
HU KOHMpoAupaHu npoyyBaHua cpeg Bvb3pacmHu na-
yueHmu cbe 3A mun 1 (4) ycmanoBaBa cpegHo noHu-
»keHue Ha HbA, . c 0,3% cpeg Auuama, NOgAO>KeHU Ha
MM B peaato Bpeme, kamo Hal-2orama e Guaa pe-
gykuuama npu navueHmume ¢ Hal-4yecmo NpuAo>Ke-
Hue Ha MM u Had-Bucok uzxoger HbA, .. Mauuenmu-
me, cmapmupawu ¢ HbA;. >7%, ca nocmuzHaAu no-
gobpeHue B 2aukemuuHua KOHMpoa 6e3 yBeauuaba-
He yecmomama Ha Xunoz2aukemuume. Apyau npoyu-
BaHua nokazBam, ye ynompebama Ha nepcoHaAHU
ycmpoutcmBa 3a IN'M pegyuupam Xxunoz2aukemuuHu-
me enu3ogu. B egHo KoHMpoAupaHo paHgomu3upa-
Ho npoyuyBaHe e nocmu2Hamo HamareHue Ha Bpeme-
mo npekapaHo 8 xunoz2aukemus ¢ 0KkoAo 50% gHeBHO
Ha (POHa Ha CpegHO NOHUXEHUE Ha 2AUKUpaHua xe-
mo2A00uH ¢ 0,3% npu cpegHU U3XOgHU cmoUHOCMU
6,9% (5). NogobHU pe3yamamu gemoHcmpupa npo-
yuBanHemo JDRF CGM (the Juvenile Diabetes Research
Foundation) npu nauueHmu ¢ onmumaneH KOHMPOA
Ha 3A (uzxogeH HbA, . <7%), npu koumo e pegyuupa-
Ho Bpememo npekapaHo 6 xunozaukemua om 91 Ha
54 muHymu, kamo npu 88% om me3u hauueHmu
cmotHocmume Ha HbA, . ca ce 3agbpykaru <7% (6).

[ToA3u om npuAoXkeHUe Ha NepcoHaAHU ycm-
poltcmBa 3a M ca gokazaHu gopu npu nauueHmu
cbe 3A mun 2, npu Koumo He e BkaloueH 6bp30-gedicm-
Baw, uHcyAuH. EgHO KOHMpPOAUpaHO paHgoMu3upaHo
npoyuBare cpeg 100 nauuerma cbc 3A mun 2 cpab-
HAaBa ecpekma om BpemeHHOMO NpPUAOXKEHUE Ha nep-
COHaAEeH 2Al0KO3eH ceH3op 3a 12 cegmuyu ¢ mo3u
om cmaHgapmHua CamoKOHMPOA; hoCmMu2Hamama
pegykuua Ha HbA, . 6 kpaa Ha uzcaegBaHua nepuog e
0,9% 3a 2pynama nogaoxeHa Ha MM c/y 0,4% npu
Auuama, npoBexkgaau cmaHgapmeH CamOKOHMPOA.
YcmaHoBeHomo cmamucmuyecku 3Havumo Nnogob-
peHue ce e 3agbp>karo npu nocaegBawua 40-cegmu-
yeH nepuog Ha npocaegaBare (7).

[Npenopbkume Ha EHgokpuHHama opeaHu3auun
3a gobpa kauHuuHa npakmuka (Continuous Glucose
Monitoring: An Endocrine Society Clinical Practice
Guideline, 2011) 3a npuaoxkeHue Ha MM npu 6b3-
pacmHu ca:

* npuArokeHue Ha uHguBugyaaHu ycmpoicmBa
3a MM npu Bv3pacmHu navueHmu cbc 3A mun 1 u
HuBa Ha HbA,. 2 7,0%, koumo umam Bb3mo>xkHOCM
3a noumu exxegHeBHO u3znoa3zBaHe Ha cucmemume
(Bucoko HuBo Ha gokazameacmBo);

* npuaokeHue Ha uHguBugyaaHu ycmpoicmBa
3a MMM npu Bb3pacmHu navuueHmu cbe 3A mun 1 u
HuBa Ha HbA ;. <7,0%, koumo umam Bb3moXKHOCM 3a
noumu exxegHeBHo uznoa3BaHe Ha cucmemume (Bu-
coko HuBo Ha gokazameacmBo);

* npegnoAaza ce NoA3a npu ynompebda Ha npo-
pecuoHaaHu ycmpoucmBa 3a MMM npu Bb3zpacmHu
nauueHmu cbc 3A mun 1 3a peaucmpupaHe Ha HOW
HU XUNO2AUKEMUU, (DEHOMEH Ha 30pama u NOCMNpaH-
guaAHU xunepaAaukemuu; 3a oBaagaBaHe Ha Hapyuwe-
HUA ycem 3a XUNO2AUKEMUU; Npu Npegcmoawu Cb-
wecmBeHu npomeHu 6 aHmuguabemHama mepanua
(kamo Hanpumep BkatouBare Ha HOB Bug uHCyAuH
uAu npemuHaBaHe om uHMeH3ugUUUPaH UHCYAUHOB
pexxum Ha mepanua € uHcyauHoBa nomna) (MHO20
Hucko HuBo Ha gokazameAacmBo).

MrM no Bpeme Ha bpemeHHoCcm

HezaBucumo om muna Ha 3axapHus guabem
(eecmauuoHeH, mun 1 uau mun 2), mallyuHama Xu-
nepaaukemun npegu u npe3 bpemeHHocmma e Boge-
wama npuyuHa 3a BpogeHu aHomaAuu, CNOHMAaHHU
abopmu, pemasHa uHMpaymepuHHa CMbpPM, NPeXx-
geBpemeHHU paxkgaHua, Makpo3omua, hpeekaamncun
u gp. Xunepaaukemuama no Bpeme Ha bpemeHHoCm
Kpue puck u om memaboAumMHU HapyweHus C No-
caegBawa noBuweHa yecmoma Ha 3amabcmabBate,
HapyweH 2AloKo3eH moaepaHc u 3A mun 2 3a no-
momcmBomo - ¢eHomeH, uzBecmeH kamo ,mema-
6oaumHa namem”. B koxopmHomo npoyuBaHe Ha
Bihling u cbaBmopu npe3 2005 2. ce HabalogaBa no-
AokumeaHa 3aBucumocm mexkgy nocmnpaHguasHa-
ma 2aukemun B8 nepuoga mexgy 75-105 muH. u me-
AecHomo mezao Ha HoBopogeHomo (8).

Kamo ce umam npegBug xemoguHamuuHume
npomeHu, koumo HacmbnBam no Bpeme Ha GpemeH-
Hocm, HuBama Ha HbA;. He ca ocobeHo HageXxgeH
nokazamea 3a 2AUKEMUYHUA KOHMPOA Npe3 mo3u ne-
puog. INTM 3aaqea kamo ycnewHa aamepHamubBa 3a
npocaegaBare Ha Bpememo, npekapaHo 8 npenopb-
yumeAHus 2AukemudeH mapeem. [pu paHgomusupa-
HO KoHmMpoaupaHo npoyuBane cpeg 71 GpemeHHu
>KeHu (46 cbe 3A mun 1 u 25 cbe 3A mun 2) HuBama
Ha HbA, . npe3 32-36 2ecmauuoHHa cegmuya ca buau
cpegHo 5,8% 6 epynama Ha MM ¢ npopecuoHaaHu
ycmpotcmBa 8 cpaBHeHue ¢ 6,4% npu KOHMPOAHa-
ma 2pyna CbC CMaHgapmeH CaMOKOHMPOA upe3 u3-
caegBaHe Ha kanuaapHa 2al0ko3a (9). MemaaHaaus
Ha Hewapathirana u cempygHuuu (10) noka3Ba
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epekmuBHOCM NO OMHOWEHUE KOHMPOAA Ha Madyu-
Hama 2AUKemun, meAecHOomo meaao Ha HoBopogeHo-
MO U pucka OmM MaKpO30MUA NPU NPUAOXKEHUE Ha
pempocnekmuBro M npu GpemerHu. o Bpeme
Ha gpy2o npoyuBaHe ce oueHaBa ygoBremBopeHue-
Mo Ha >XeHu cbc 3A mun 1T u mun 2 6 paHHa 6pemeH-
Hocm, npemuHaau Ha MM ¢ nepcoHaaHu ycmpotcm-
Ba (11). ABmopume ycmanoBaBam, ye 83% om u3-
caegBaHume ca 2omoBu ga npenopbuam [M Ha
gpyau, a 52% om bpemeHHume oueHaBam 6-gHeBHuA
nepuog kamo ocobeHo noae3eH B npougeca Ha ,pa3-
bupaHe” u ,cnpaBaHe” cbe 3ab60ra8aHemo.

MM npu xochumaausupaHu nayueHmu

Mpenopbkume Ha EHgokpuHHama opeaHu3auua
3a gobpa kauHuuHa npakmuka (12) ca npomuB ca-
MocmoameAHomo u3noa3BaHe Ha cucmemume 3a
M 3a KOHMPOA Ha 2Aukemuama npu 6oaHU B uH-
meH3uBHU omgeAeHUA UAU ONepauuOHHU 3aAu goKa-
MO gonbAHUMEAHU NpoyuBaHua He gokaXkam maxHa-
ma mouyHocm u 6e3onacHocm B cbomBemHama cpe-
ga. Tesu ycmpotcmBa uzmepBam 2aioko3ama 6 nog-
KO>XHama uHmepcmuyuasHa meyHocm, HoO Cbnocma-
Bumocmma mexkgy uHmepcmuuuasHama u KpbBHa
2AK0KO3a NPU KpUMuUYHO BOAHU NauueHmu He e goc-
mamwbuHo nogpobHo uzcaegBaHa. B npoyuBane cpeg
50 nauuedma 6 uHmen3uBHo omgeaeHue ce HabAto-
gaBa no-Hucka mo4yHocm Ha peyamamume om [1TM
Npu NauueHmMu Ha UHOMPONHU MegukameHmu u no-
Bucoka npu me3u ¢ ocmpa 6bbpeyHa Hegocmambuy-
HOCM U cenmuueH wok 6 cpaBHeHue c nayueHmu
6e3 uHomponHo AeveHue u 6e3 makaBa conbmcemBa-
wa namoaoausa (13). Apyzo npoyuBaHe, obaue, He
omkpuBa cueHudukaHmHa 3aBucumocm mexgy
moyHOoCmMmMa Ha pe3yamamume u npoBexxgaHomo
A€UYEHUE C HOpenuHemPUH NPU KPUMUYHO GOAHU AU-
ua ¢ wok (14). M3caegBane Ha Auua cbe 3A mun 1 Ha
AedeHue ¢ uHcyauHoBa nomna B8 cbcmosHue Ha yme-
peHa kemo3a, 6e3 ayugo3a, He ycmaHoBaBa ompaxe-
Hue Ha me3u memaboAumHu HapyweHua Bbpxy mou-
Hocmma Ha ycmpoucmBama 3a MM (15); gpyau npo-
yuBaHua omxBobpaam BauaHue Ha cbCcmoaHuA Kamo
XUnomoHus, xunomepmua u omoyvHocm (16). B 3akato-
yeHue, ynompebama Ha MM 68 unmeH3uBHU omgene-
Hua u32aexkga obewabawa Bb3morkHocm, HoO mpabBa
ga npemuHe no-mawabHu KAUHUYHU u3znumBaHus.

3akAloyeHue

Tl Kamo nocmuz2aHemo Ha ONMUMAAEH 2AUKe-
MUYEH KOHMPOA Npu nayueHmMu cbe 3A Bb3MOXKHO
HaU-paHo B xoga Ha 3aboaaBaHemo uma gokazaH npo-
gbAKUMeEAeH DAazonpuameH epekm, e HeoHXogumo

NO-4eCMO 2AIKO3HO MOHUMOPUpPAHE U MOYHa UH-
mepnpemayua Ha NoAydeHume pejyamamu. 3Hauu-
MeAHU 2AloKO3HU Bapuayuu (2AukemudHu nukoBe u
aCuUMNMOMaMUYHU XUNO2AUKEMUU) Mo2am ga 6bgam
nponycHamu ype3 obuyaliHuA CAMOKOHMPOA (3-4 u3-
mepBaHua Ha KanuAapHa 2A0KO3a Npe3 geHa u pagko
KOHMPOA Npe3 Howma).

PempocnekmuBHuam aHaAu3 Ha gaHHume, no-
AydeHu ype3 NI'M, u HaauuHama "6 peaaHo Bpeme"
uHgpopmauua 3a HuBama Ha 2AlOKO3ama upes uHgu-
BugyaarHume ycmpoicmBa, gaBam HoBu Bb3mox-
HOCMU 3a NO-KOPEKMHa OueHKa Ha 2AUKemuuyHume
Bapuauuu u agekBamua kopekuua 6 aHmuguabemHa-
ma mepanua. He3zaBucumo om uzBecmHume pazau-
yua B kpalHume pe3yamamu, nybaukyBaHume npe3
NOCAEgHUME 20gUHU MemaaHaAu3u 3a NomeHuuaA-
Hume noa3zu om NI'M nokazBam, ye no-pegoBHomo
npuAoxkeHue Ha me3u ycmpotcmBa moxke ga noBau-
ae H6aazonpuamuo HuBama Ha HbA,, 2aoko3Hama
BapuabuaHocm, Kakmo u yecmomama, NPOgbAXKU-
meAHOCMMa U meXKecmma Ha XUno2AUKeMuYyHume
enu3ogu. He Ha nocaegHo macmo ca u B63MOXHOC-
mume Ha [N'M 3a ,no-6e3o0nacHo” nogobpeHue Ha
2AUKEMUYHUA KOHMPOA ho Bpeme Ha GpemeHHOCM U
HamaaaBaHe Ha pucka om makpo3zomua. Kbm mome-
ma Bcuuku cucmemu 3a IN'M ca ogobpeHu 3a ynom-
peba camo B gonbAHEHUe KbM CmaHgapmHume me-
mogu 3a camokKoHmpoa u u3uckBam kaaubpupane
ype3 HekoAKokpamHo gHeBHo u3zmepBaHe Ha Kanu-
AApHa 2AtoKo3a. HenpexkbcHamuam mexHoAo2uueH
Hanpegbk ueAu nogobpaBaHe moyHocmma Ha npuaa-
2aHUMe ceH3zopu, mbl kamo e u3zBecmHo, ye ma e
HaU-Bucoka 3a Xunep2Aaukemu4yHume guana3oHu u
Hal-HUCKa 3a xunoz2aukemuyHume. YcbBbpweHcmBa-
Hemo Ha ycmpoucmBama uma 20AaMO 3HaueHue 3a
pazpabomBaHemo Ha m.Hap. ,3amBopeHu cucme-
mu”, koumo obeguHaBam uHcyauHoBa nomna u 2Aio-
Ko3eH ceH3op 3a MM, ¢ Bb3zmoxxkHocm 3a aBmoma-
muyHo 3agaBaHe Ha uHcyauHoBa uHgy3ua 663 ocHo-
Ba Ha yecmume 2A0KO3HU uzmepBaHua om ceH3opa
(,uzkycmBeH naHkpeac”).
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MAaasmadepesama 3a AeyeHue Ha guabemHomo cmbnano

BouHo08, Barepuii ArekcaHgpoBuu

MopBu Cankm-Temepbypacku AbpkaBen MeguuuHcku YHuBepcumem ,Akag. U. I1. MaBaroB”

Plasmapheresis for Diabetic Foot Syndrome

Voinov, Valerii Aleksandrovich

I. P. Pavlov First St. Petersburg State Medical University, St. Petersburg, Russia

Pesiome

AuabemHomo cmbnaAo e egHo om Had-3Hauu-
MUMeE YCAOXKHeHUA Ha 3axapHua guabem u vecmo
Bogu go amnymauua Ha 3aceaHamusa kpadHuk. Cb-
wecmByBam peguua gpakmopu 68 namozeHezama
Ha 3axapHua guabem, yuacmBawu 6 yBpexkgaHemo
Ha nepugepHume cbgoBe, Koemo moxke ga npozpe-
cupa go KpumudHa ucxemusa u ga goBege go 2aHe-
peHa Ha KpalHuka. B me3u cayyau megukameHmos-
Hama mepanua 3aegHo ¢ onepamuBHama peBacky-
Aapu3ayus Ha kpalHuka He BuHaeu ca moeam ga
npegomBpamam amnymayua Ha CMbNAAOMO UAU
Ha no-Bucoku HuBa, gopu Ha HuBo GegpeHa kocm.
[MAa3mapepe3ama moske cu2HUUKamHoO ga nogoo-
pu nepugepHomo kpbBoobpaweHue u ga o2paHu-
yu HUBomMO Ha amnymauua.

KatoyoBu gymu:

Abstract

Diabetic foot syndrome is one of the most
significant complications of diabetes mellitus and
frequently leads to amputation of the affected
extremity. There are reviewed peculiarities of dia-
betes mellitus pathogenesis tending to blood dis-
turbance of peripheral vessels with progression
of critical ischemia and foot gangrene. In this
regard medical therapy together with revasculari-
zation operations can not always prevent either
foot and lower leg amputation or even femur
amputation. Plasmapheresis procedure can sig-
nificantly improve the peripheral blood circula-
tion and limit the amputation level.

Key words:

3axapeH guabem, guabemHo cmbnaAo, ucxemus,
nAazmadpepesa.

diabetes mellitus, diabetic foot, ischemia, plasma-
pheresis.

3axapHuam guabem e 3acezHan 2,5 go 3,8%
om HaceAeHuemo Ha 3emama, kamo Ha Bcexku 10-15
20guHu 6poam Ha guabemuuume ce ygBoaba. B cb-
womo Bpeme 20guwHUAM pbCM Ha 3a6oAeAaume om
3axapeH guabem gocmuza 20% (1). 3axapHuam gua-
6em mun 2 ce cpewa npu 10% om xopama Hag 70
2oguwHa Bbv3pacm (2). 3axapeH guabem mun 2 e 10-
20 nbmu no-yecmo cpewaH om 3axapeH guabem
mun 1.

MNpu 3axapHua guabem ce yBeauuaBa 3Hauu-
meaHo npou3BogcmBo Ha mogudpuuupaHu 2auKUpa-
HU AUNONPOMeEUHU ¢ Hucka hAbmHocm (LDL). B3au-
mogelicmBuemo mexkgy UMyHHUME KOMNAEKCU C 2AU-
kupaHume LDL-yacmuuu yBeauuyaBa maxHama ame-
po2eHoCcm U gonpuHaca 3a pazBumuemo Ha amepo-
ckaepo3a (3). MNMpu 3axapeH guabem mun 2 ce ycma-
HoBaBa cvbwo, ue memaborumHume npomeHu Bogam
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go npegpaznoAoxeHue kbm 3amabcmaBane (4).
TpabBa ga ce uma npegBug, ye npu no-zonamama
yacm om nayueHmume CbC 3axapeH guabem mun 2
ce pa3zBuBa memaboAumeH CUHGPOM UAU CUHJPOM
Ha uHcyAauHoBa pe3ucmeHmHocm, koumo BkatouBa
He CaMO HapyweHue Ha 2AlOKO3HUA MOAEpPaHC, HO U
gucAunugemusn, apmepuasHa xunepmosus, Bucuepas-
HO 3amAbcmaBaHe u NPOMPOMBOMUYHU HapyweHUA.
HaAuuuemo Ha aunonpomeunu (a) [Lp (a)] u xomo-
UUCMEeUH CbWo uma 3Hauuma poasa (5). MNpu auuama
C yeHmpaaeH mun 3amabcmaBare, Bucoku HuBa Ha
obuw, XxoAecmepoA, mpu2AUUEPUGU U AUNONPOMEUHU
C MHO20 HUCKa NAbMHOCM U XunepmoHusn, Bb3HUKBa
puck om cbgoBu uHUUgeHmMuU, gopu kozamo HuBomo
Ha 2AloKO3ama e no-maako om 6,1 mmoa/A (6).

MukpouupKkyrauuoHHUME HapyweHua Npu na-
uueHmume cbc 3axapeH guabem ce uzpazaBam c no-
Bucok Buckozumem Ha kpwBma nopagu yBeauuaBa-
He Ha CbgbpkaHuemo Ha (pubpuHoz2eH, ubpoHek-
muH, akmop Ha ¢oH BuaebpaHg, C-peakmuBeH
npomeut (7).

[MoHacmoawem paznpocmpaHeHuemo Ha Mema-
HOAUMHUA CUHgPOM UMa Xapakmep Ha enugemus, Ka-
mo nocaegcmBuama om Hez2o ca 3HavumeAHu, ocobe-
HO Ko2amo pa3zBumuemo my 3anouBa 6 gemcka 6b3-
pacm. INMpoaBama Ha memaboAumHua cuHgpom B paH-
Ha Bb3pacm Bogu go no-paHo obpazyBaHe Ha ame-
pockaepomuyHu naaku. [MpoyuBaHuama noka3zBam
npsaka Bpb3ka mexxgy yBeauuaBaHe cmeneHma Ha UH-
cyauHoBa pe3ucmeHmHocm u nepuepHOMo Cbgo-
B8o conpomubBaeHue, kpbBHOMO HaAs2aHe U HamaAa-
Bate Ha npumoka Ha KpbB npe3 nepudgepHume Cbgo-
Be, ocobero B obracmma Ha goaHume KpadHuuu (8).

YcmanoBaBa ce Bpb3ka mexkgy 3axapHua gua-
6em u HapacmBawama meHgeHuua 3a mpombo3a 6
obracmma Ha amepomamo3Hume yBpexkgaHua Ha
cbgoBeme. INpu 3axapHua guabem e Haauue noBu-
weHa mpombouumHa agxe3ua u agpe2upaHe, Kakmo
U HapyweHua Ha pa3zAudHu HuBa Ha KoaeyAaauuama
(pakmopu Ha KpwbBocwbcupBaHemo u uHxubumopu
Ha mbkaHeH nAazmuHoz2eHoB akmuBamop), kamo mo-
Ba yBeauuaBa pucka om mpomboobpazyBaHe u Cb-
goBu uHuugeHmu (9, 10).

AuabemHama mukpoaHzuonamua ce xapakme-
puzupa ¢ HapywaBaHe Ha cmpykmypama Ha Kanu-
AfpHama membpaHa, omaaeaHe Ha LDL-yacmuuu 6
cbgoBama cmeHa u npoaudpepauyua Ha 2AagKku Myc-
KYAHU kAaemku. AuabemuHama mukpoaHzuonamua 6
KombuHauus ¢ HeBponamuama gonpuHacam 3a
cmecHaBaHe Ha apmepuoAume u npekanuAaspume c
yBeauuaBaHe Ha npumoka Ha KpbB npe3 apmepuume
(BeHo3HU wbHMOBE), KOEMO gONBAHUMEAHO Hapy-
waBa uzxpaHBaHemo u 2a3oobmeHa Ha nepudgepHu-
me mbkaHu. ToBa Bogu go noBuwabBaHe Ha KpbBo-
obpaweHuemo 6 koxkama u yBeauveHue Ha memne-

pamypama Ha noBbpxHocmma U. [lopagu moBa,
Bonpeku HamaraBaHemo Ha uyBcmBumearHocmma 6
pe3yamam om HeBponamuama, moXe ga e HaAuue
ycewaHe 3a MONAUHA, hapeHe Ha Ko)kama Ha KpadHu-
uume u 6oAka npe3 Howma. Haauuuemo Ha guabem-
Ha pemuHonamusa u aAbymuHypua 4ecmo CbnNbmcm-
Ba u pazBumuemo Ha guabemHo cmwbnaao (11). Co-
goBuam eHgomea npu 3axapeH guabem uma no-ma-
ABK Kanauumem 3a cuHmes Ha 8azoguramamopu u
npou3Bexxga noBeue BazokoHCMpPUKMOpPU U NPOKOa-
2yraHmu. Te3u ocobeHocmu npu 3axapeH guabem
uzocmpam cbgoBume HapyweHus. [Mo-cneyuaaHo,
cbgoBuam eHgomea npu 3axapeH guabem mun 2,
Kakmo u npu mun 1 uma no-maaka cnocobHocm 3a
cuime3 Ha NO, koimo HamaraBa aokarHama Ba3zo-
KoHcmpukuua (12). LlupkyaamopHu HapyweHun, gbA-
»Kawu ce Ha cmecHaBaHe Ha cbgoBua aymeH, yBeau-
yaBam ckaoHHOCMMa KbM Mpombo3a. Bogewa poas
6 mpombouumnama akmuBauua npu 3axapeH gua-
6em uma ocBoborkgaBaHemo Ha Mukpouacmuuu u
npokoazyaaHmu (13).

MegukameHMO3HOMO AeveHue Ha XunepxoAec-
mepoAemuama moxe ga goBege go peguua Hexena-
HU peakuuu. Kaocpubpambm ecpekmuBHo HamaraBa
Cbgbp>KaHUemo Ha amepo2eHHU Aunugu, HO NpU na-
UuueHmu cbC 3axapeH guabem ce HabagaBa noBu-
WweHa CMbpMHOCM om HecbpgeuHu 3aboaaBaHus.
OcBeH moBa, AevueHUEeMO CbC CMamuHU NPU hauueH-
mu cbce 3axapeH guabem mun 2 no-3HaA4YUMEAHO Ha-
maraBa cbgbprkaHuemo Ha aHmuamepozeHHua HDL-
xoaecmepoA u noBuwabBa mpuzauyepugume, OMKOA-
KOmMo npu nauvueHmu 6e3 3axapeH guabem (14). Oc-
Ben epekmume Bbpxy Aunugume, AeyeHUEMO CbC
cmamunHu Bogu go ycaoxkHeHua kamo noBuweHa ak-
muBHocm Ha yepHOogpobHU mpaHcamuHazu u noBu-
weHa pabgomuoausa ¢ noBuweHu HuBa Ha kpeamu-
HUH pocgpokuHaza (CPK), koemo ce npoaBaBa c myc-
KYAHU D6oAKU u caabocm (15). B namozeHe3ama Ha
me3u 3aboanBaHua ocHoBHO 3HavYeHUe uma omaaza-
Hemo Ha copbumona 8 nepudpepHume HepBu ¢ akmu-
BupaHemo Ha maka HapedeHua ,npucageH NOAUOA”,
Kolmo HamaraBa uHmpaneBpasHua kKpbBeH Mok u
Bogu go XpoHuUYHa XUnNoKcCUA C (PYHKUUOHAAHU U
cmpykmypHu npomeHu 8 HepBHume cmBonobBe.

B namoezeHezama ydacmBa u ceameHmuama ge-
MueAuHu3auua Ha HepBHume BaakHa c 6aBHa cko-
pocm Ha HeBporHa Bb36ygumocm. lNoauHeBpona-
muama o6xBawa cMyweHua Kakmo Ha MOMOPHU U
cemuBHu HepBHU BaakHa, Maka u Ha eremeHmMU Ha
aBmoHomHama HepBHa cucmema. [NpokcumasHama
guabemua HeBponamua e npugpyxeHa om cuAHa
6oaka nopagu Bb3narumesaHu Ae3uu Ha HepBume
Npu nayueHmMu ¢ UHcyauHo 3aBucum 3axapeH gua-
6em mun 2 Ha cpegHa Bb3pacm 50 2oguHu. CuaHa-
ma 6oaka He BuHazu moxke ga bbge oBaagaHa om Ae-
yeHue CbC CMepougu U yumocmamuyHa mepanus.
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MomopHama HeBponamua e npuyuHa 3a MYcKyaHa
crabocm, ampodpua u nape3a. CeHzopHama HeBpo-
namusa Bogu go omcaabBaHe Ha 3awumuama uyBcm-
BumeaHocm Kbm 6OAKa, KOMNpecua u mepmuyHo y6-
pexxgaHe. 3amoBa aeku HapaHaBaHua ocmaBam He-
3abean3aHu. [NauueHmMbM He peazupa Ha NPOYbLAXKU-
meAHa Komnpecus, Kakmo u Ha o6y6Bku, koumo y6-
pexkgam cepuo3Ho cmbnaromo. ABmoHomHama
guCyYHKUUA e acoyuupaHa CbC CbCMoAHUE, N0gob-
HO Ha makoBa, uHgyuupaHo oM cumnamekmomua C
(PyYHKUUOHAAHU pa3zcmpolcmBa Ha MUKPOUUPKYAa-
yuama. Bcuuko moBa 3HauumeaHo yBeauuaBa pucka
om mpoduuHu a38u u 2aHzpeHa Ha Kpaka (16).

OxayzuBrume cbgoBu 3aboaaBaHua ¢ Hapywe-
HUA Ha UeHMpaAHama u nepudgepHama uupKyaauua
€a noYmu KoOHCmaHmu u cbnbmcmBam 3axapHua
guabem. Cnopeg HauuoHaaHama komucua Ha CALLL
Npu nayueHMu CbC 3axapeH guabem 5 nbmu no yec-
Mo ce cpewa 2aHzpeHa Ha KpalHuka (guabemuo
CMbNAA0), Kamo obuwume pazxogu 3a Ae4eHUemo um
gocmuzam 25 muauapga goaapa (17). B HauaaHUme
emanu Ha pa3zBumue Ha a36ume obukHoBeHO nauu-
eHmume He ca CKAOHHU ga ce aekyBam, kamo npu
no-20Aama vyacm npomeHume HanpegBam u Heu36ex-
Ho Bogam go amnymauun Ha pa3AudHuU HuBa Ha Kpa-
Ka - npbcmu, cmbharo, nogbpegpuuu u begpeHu
kocmu (18). Mpu noBeye om noroBuHama om mes3u
nauueHmu npe3 cregBawume nem 20guHU ce Hanaza
KOHMpaAamepaAHa amnymauua Ha KpauHuk. Haauuu-
emo Ha gobaBeHa uHgekuua u 2aHepeHa e ocHoBHa-
ma npudyuHa 3a amnymauua. CenmuyHume ycAoxHe-
Hua om cBoa cmpaHa ca yecma npuyuHa 3a CMbpM
cAeg onepauuama (19). Taka, npu nayueHmume ¢
guabemHo cmbnaro cmbpmHocmma B8 pamkume Ha
5 eoguHu Bapupa om 43% go 55%, u gocmuea go
74% npu me3u, kKoumo ca BuAU NOgAO>KEeHU Ha amny-
mauua. CbpgeuHo-cbgoBume 3aboaaBarHua 6 me3u
CcAyyvau ca ocHoBHama npuvuHu 3a cmbpm (20). Oc-
Ben moBa, npe3 cregBawume 10 meceua, cMbpm-
HOCMMa Npu nauueHmMu, NOgAo>KeHu Ha Bucoko Hu-
6o amnymauus, e 3HaYUMEAHO NO-20AAMa, OMKOAKO-
mo npu wagawa amnymauus (21).

A36ume Ha cmbnaaromo ca Hal-v4ecmo cpewaH
npobaem npu hauueHmMume CbC 3axapeH guabem
mun 2. AuabemHo cmbnaao ce cpewa npu 15% om
200 muAuoHa nauueHmu ¢ guabem no cBema. B 3a-
nagHume cmpaHu noBeye om 60% om HempaBma-
MUYHU amnymauuu Ha HUBO Nog KOAAHOMO UAU NO-
Bucoko ce u3zBvpwBa npu nauueHMu CbC 3axapeH
guabem (22). Auabemuuume umam Bucok puck om
pazBumue Ha HoBu a36u, om noBmapawu ce amny-
mauuu Ha cbwua Kpak caeg Bvb3cmaHoBaBaHemo
(23). NMoBmopHa amnymauua B8 pamkume Ha 3 20gu-
HU ce HaAaza npu npubauzumeaHo noroBuHama om
max (24). Pe-amnymauyuu Ha KOHMpaaamepaaHus
KpalHuk ce uzBbpwBam no-yuecmo, OMKOAKOMO Ha

uncuramepanHusa (25). B CALL| npe3 2007 2. ca peau-
cmpupanu 17,5 muauoHa 60AHU om 3axapeH guabem,
a obwume pa3zxogu 3a AeveHuemo um ca Bb3Aa3AU
Ha 174 muAuapga goaapa (26).

HekpomuuHume npouecu 68 goaHume kpauHu-
Uu Npu nauueHMu CbC 3axapeH guabem moz2am ga
O6bgam o2paHuUYeHU go NogKoXKHama mbKaH, ga go-
Begam go pazBumue Ha hacuuum u gopu go HeKpo-
3a Ha MyckyaHa maca. B cbwomo Bpeme moxke ga
uMa NOAUMUKPOOHa uHgekyun, BkAtoUUMeEAHO aHae-
pobHa (27). B makuBa cayuau Heobxogumocmma om
Bucoka amnymauua ce cpewa 6 7,3%, 20,9% u
53,2%, coomBemHo (28). Bucoku amnymauuu mo2am
ga ce HaAoXKam U NpU cAyYau cAaeg cbxpaHabawu am-
nymauusa npu Bb3HUKHaAo Bb3naseHue Ha MbKaHu-
me uAu ocmeomueaum (29). ,Shopart” amnymauuu ca
nocaegHama B8b3moxkHocm ga ce uzbezaHe no-Bucoko
HuBo Ha amnymauus (30).

PeBackyaapusauuama (aHeuonaacmuka UAU ne-
pucepeH cbgoB 6atnac) nozBoaaBa ga ce omaoxu
amnymauuama Ha guabemHo cmbnaao, Ho 68 cayuyau-
me, koezamo He e Bb3moxkHo uzBbpwBaHemo G uau
ma e HeedpekmuBHa, UHguKayuume 3a amnymauua ca
MHO20 no-vyecmu (31). B makuBa cayuau amnymauus-
ma Ha Bucoko HuBo ce oka3zBa Heobxoguma npu
13,4% om nauueHmume. 8,2% om cAayyaume Ha am-
nymauua ca cAaeg nepugepHa aHauonAacmuka,
21,1% - caeg cbgoB 6adnac u 59,2% - npu nauuen-
mu, Ha Koumo He e u3BbpwBaHa peBackyarapuzauus.
B cbwomo Bpeme pecmeno3a ce HabawgaBa npu
16,7% om nauyueHmume, wbHM mpombo3a - npu
6,4% u noBmopHa nosBa Ha a36u - npu 12,6% om
nauueHmume. B npoyuBaHe Ha Faglia u comp. (32)
KpumuyHa ucxemua Ha KoHmMpaaamepaaHua KpauHuk
HacmbnBa npu 39,9% om nayueHmume, Kamo npu
6,7% om max ce u3uckBa Bucoka amnymauus. o
Bpeme Ha uemupume 20gUHU Ha HabAlogeHue
49,82% om me3u nayueHmu ca novuHaau, Hau-8eve
nopagu KopoHapHa 6oaecm Ha cbpuemo (32). Tpab-
Ba ga ce ombeaexu, ve no-ecpekmuBHa e peBackyaa-
puzauuama npu He-guabemHama cbgoBama okay-
3uBHa 6oaecm Ha goAHUMe KpadHuuu.

Had-uecmo uznoa3zBaHume memogu 3a AedeHue
Ha guabemHomo cmbnaro ca XxupypauyHa obpabom-
Ka Ha a38eHuMe noBbpxHOCMU, OpMONeguyHU MemMo-
gu, xunepbapomepanus, mepmozpacpua u gpyau (33).

MNaasmadepesa

VIMyHHUMEe u memaboAaumHume npomeHu npu
3axapHua guabem npaBam pazymHo uznoa3zBaHemo
Ha agpepesa-mepanus no Bpeme Ha Bcuyku emanu Ha
6orecmma. lNMpakmuyecku moBa e eguHcmBeHuam
Ha4YuH ga ce Kopuaupam me3u YCAOXKHEHUA - NpeMax-
BaHe Ha BmopuuHu memaboaumHu pazcmpolicmBa.
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Camo naazmadgpepe3ama MoXe ga npemaxHe peguua
BpegHuU hakmopu Kamo YUPKYAUpAWU UMYHHU KOM-
NAEKCU, 2AUKONPOMEUHU, AUNUGU, NUKOYHA KUCEAUHA,
eHgomeAUHU, aHmumeAa KbM UHCYAUHA u gpyau (28).
Maazmapepe3ama npu 3axapeH guabem HamanaBa
»Kaxkgama, noauypuama, cbpbesxka, HamaraBa HuBo-
MO Ha 2AUKeMUA U 2At0KO3ypus, nogobpaBa peonroau-
ama Ha kpbBma u mukpouupkysauuama u Had-8ax-
Homo e, ye noBuwaba yyBcmBumeaHocmma Ha Kae-
MbYHUME peyuenmopu KbM UHCYAUH.

MHozo6poiHu npoyuBarua nokazBam 6aazo-
npuamHu pezyamamu om moBa AeyeHue, ecpekmub-
HO noBauaBaHe Bbpxy BbeAaexugpamHua u AunugHUA
memaboAu3zbm U pakmopume Ha kpbBocbcupBaHe-
MO NpU hayueHmMu CbC 3axapeH guabem, ocobeHo ¢
HaAuvHa ucxemuvHa b6oaecm Ha copuemo (34). 3a
pa3Auka om megukameHmo3Hama mepanusa (aAnpoc-
maguA, NEHMOKCUUAUH), Upe3 naazmadpepe3ama ce
omcmpaxaBam u UHgyKmopume Ha KAembyHama ae-
pezauun (pubpoHekmuH, pakmop Ha PoH Buae-
6paHg, ubpuHozeH, mpombocnoHguH) (35). ToBa
nogobpaBa uyBcmBumeaHocmma kbm AekapcmBa-
ma, BKAIOUUMEAHO U KbM XunO2AUKemu3zupawume
megukameHmu. AeveHuemo Ha He3apacmBawu mpo-
uyHu a36u npu guabemHo cmbnaro ce oka3zBa
epekmuBHO upe3 memoga Ha KackagHa naazmadpepe-
3a (REO - agpepesa) (36) u REO-agcopbuusa upes npe-
muHaBaHe Ha kpbBHama naazma npe3 KOAOHU CbC
cneyuaseH acpuHumem - cedpapo3Hu, koemo Bogu
go 3HauumeAHo HamaraBaHe Ha KOHUeHmMpauuama
Ha ¢ubpuHozeH, (ubpuH u gpyau npogykmu om
pubpuHoauzama, u 3HayuumeAHo nogobpaBa mukpo-
uupkyaauuama npu guabemHo cmwvnano (37).

Kypcbm Ha naazmeH obmeH moxke ga goBege
gO 3HauYUMEeAHO CHUXKeHue Ha HuBama Ha xoaecme-
poA, Mpuzauuepugu, pubpuHoz2eH ¢ HamaraBaHe Ha
pucka om Bb3MOXHU ocmpu cbgoBu YcAOXKHEHUA
om 41,17£7,17% go 11,7£4,6% (38). NMomBbp>xkge-
Hue 3a moBa e u Hawuam cobcmBen onum (39). INog
HagbatogeHue 6axa 130 nayuermu ¢ okayzuBHu ame-
pockaepomuuHu 3aboanaBaHua Ha apmepuume Ha
Kpakama, npuduHeHu om pazHoobpa3zHu hakmopu u
C pa3zauyHa cmeneH Ha mexkecm. Kypcbm Ha agepe-
3a-mepanua (4 cecuu c NpuAazaHe Ha NAA3MeHa Mem-
H6paHa 3a o6meH ¢ Aa3zepHO u3abuBaHe Ha kpbBma)
ce uzBbpuwu npu 34 navyueHma, Ha KOUMO NO pa3Aud-
HU NPUYUHU HE € UMaAO UHgUKauuu UAU He e UMaAo
Bb3MO>KHOCM ga ce ocua2ypu xupypauuHa peBackyaa-
pu3auua Ha goAHume kpadHuuu. Mpu 14 om nayuex-
mume ¢ gekomneHcauua Ha kpbBoHocHume cbgoBe
Ha goAaHume kpadHuuu, npu koumo u3zBbpwBaHemo
Ha pekoHcmpykmuBHu onepauuu ce oka3za HeBb3-
MO>KHO, Ce€ NPUAO>KU achepe3a-mepanuama, Kamo om
mAX amnymauua He Ce HaAoXu npu 6 navueHma
(43,0%), maaku amnymauuu mpabBawe ga 66gam u3-
BvpweHu npu 4 nauuHema (28,5%), a cbwo npu 4

nayueHma (28,5%) ce Haroxuxa Bucoku amnyma-
uuu. B cowomo Bpeme npu 96 nogobHu nauueH-
MU, NOgAOXEHU Ha obuvalHa mepanua CbXpaHeHu-
emo Ha KkpauHuuyume Gewe Bb3MOXHO camo npu
22 (23,0%), maaku amnymauuu ce uzBbpuwuxa npu
11 (11,5%), a npu 63 nayueHma (65,5%) ce HaAOXU
uzBoupwbBare Ha Bucoko HUBO amnymauuu Ha goa-
Hume kpadHuuu (39).

B gpyeo npoyuBane bGaxa HabatogaBaHu 19 na-
yueHma ¢ guabemHo CMbNAAo C KpUMuUYHa ucxemus
UAU HEKpO3U Ha npbcmume, npu koumo ce u3Bbp-
wuxa kypcoBe ¢ naazmoobmen (no 4-5 cecuu), kamo
6 pe3yram om aeueHuemo ce aukBugupaxa mpouy-
HUMe u3MeHeHus, u Hal-8eue HekpomuyHume npo-
Uecu ce oepaHuduxa go ,Hekpocmomua”’ Ha HuBomo
Ha gemapkauuoHHama AuHusa, 6e3 ga ce npubazBa
go uHBaauguzupawu Bucoku amnymauuu Ha gOAHU-
me kpadHuuu. MNMpu noaBama Ha HoBu 30HU Ha ucxe-
mua u Hekpo3a 6ewe noBmopeH KYpcbm Ha naaz-
moobmaHa u ce nocmuzHa omuHoB0 oepaHuuyeHue
go cbwume marku obemu Ha omcmpaHaBaHe Ha
HeKpoMuYHUME 30HU.

Kamo uAlocmpauua Ha 20peu3AoXkKeHomo ca
npegcmaBeHu CHUMKU Ha NbpBUYHO CbCcmMoAHUE Ha
Kpaka, kbgemo ce HabalogaBam Hekpo3u u 2HOUHO
Bb3nareHue, obxBawawu pazAudHU 30HU Ha Kpaka
(MDue. 1). Caeg NnAa3meH 0OMeH C Aa3epHo u3abyBane,
MUKpoUuupKyAauuasma Ha kpbBma ce e nogobpuaa,
Bb3nareHumMe yuacmbvuu ca ce ychoKOUAU U Ce € Ha-
AOXKUAO XUPYP2UYHO ga ce omcmpaHam camo guc-
maaHume vacmu Ha I8y, [I'pu u lllMu npbem Ha gecHuA
Kpak ¢ nbAHO u3aekyBare (Dua. 2).

Heobxogumo e ga ce noguepmae cbwo, e Kyp-
coBe naazmapepesa 3HauUMeEAHO cmabuAu3upam u
obWomMo cbcmoaHue Ha nauueHmume - okazBam
baazonpuameH epekm Bbpxy apmepuarHOMO HaAa-
2aHe, cbpgeuyHama gelHocm, KpbBoHoCHUME Cbgo-
Be u mo3bka, gopu Bogam go pegyuupate gozume
Ha xunozaukemu3zupawume cpegcmBa.

3HayumeAHama uyecmoma Ha 3axapHua gua-
6em, mexxecmma Ha 3aboaaBaremo u mHoxxecmBo-
MO MY YcAoxKHeHUa noBguzam Bbnpoca 3a npuaaza-
He Ha KOMNAEKCHO AedeHue. [poBerxgaHemo Ha age-
pe3za-mepanus 6 no-HayaaHumMe emanu Ha pa3zBumue
Ha 3axapHua guabem mo>ke ga npegomBpamu nonBa
Ha YcAoXKHeHuUa kamo guabemHo cmbnaao. [Npocmo-
mama u 6e3onacHocmma Ha memoga Ha nAazmade-
pe3a no3BoaaBa ma ga ce uzBopwba c ycnex gopu 6
ambyramopHu ycaoBua (40).

B 3akaroyeHue, nocoveHume 6 obG3o0pa gaHHU
nokazBam BaxkHocmma Ha npobaema 3a ecpekmuBHO
AeveHue Ha guabemHomo cmbnaao u nepcnekmuBu-
me 3a u3znoa3BaHe Ha memogu 3a mepaneBmuuHa
agpepesa, 2raBHo naazmadpepesa, B KomnaekcHOMO
mpemupaHe Ha me3u Hald-meXku cbgoBu yBpexga-
Hua npu guabemuuume.
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Queypa 1.

AuabemHo cmbnaao npegu
nAazmadpepesa.

Diabetic foot before plasmapheresis.

AuabemHo cmbnano caeg Kypc
membpaHHa naazmadpepesa.

After course of membrane plasmapheresis.
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PenpogykmuBHu HapyweHug u pasBumue Ha cuHgpom Ha noAu-
kucmo3sHu aiyHuyu npu keHu cbe 3axapeH guabem mun 1
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KAauHuka no EHgokpuHoAo2ua u borecmu Ha obmaHama,

YMBAA ,C8. l'eopeau”, MeguuuHcku YHuBepcumem, INMaoBguB

Reproductive Disturbances and Development of Polycystic Ovary
Syndrome in Women with Diabetes Mellitus Type 1
llieva, Maria I, Orbetzova, Maria M., Mitkov, Mitko D.

Clinic of Endocrinology and metabolic diseases,

"Sv. Georgy" University Hospital, Medical University, Plovdiv

Pesiome

PenpogykmuBHume HapyweHua npu 3axapeH
guabem (3A) mun 1 ca peyamam om cMyweHua Ha
pa3zAudHu HuBa Ha ocma Xxunomaramyc-xunodu3a-
AUYHUK, KOUMO Ce gbAXKam Ha KOMOUHUpaHume
epekmu Ha uHcyauHoBua gechuyum u Xunepaauke-
muama, pazpywabawu uzuoro2udHama yHKuUA
Ha pa3AuYHU memaboAumHu cuzHaAau. Peguua dpak-
mopu mo2am ga gonpuHecam 3a noaBa Ha Hapywe-
Hua B aduHukoBama (pyHKUUA NPuU >KeHu CbC 3A
mun 1. MHcyauHoBuam gecpuuum modxke ga goBege
go NoHWXeHu 2oHagomponuHoBu HuBa B8 pe3ya-
mam Ha cHuxkeHa cekpeuua Ha GnRH. OcBen moBa,
Bucokume cepymHu HUBa Ha eK302eHHUA UHCYAUH
mo2am ga npegu3zBukam cBpbxcmumyaauus Ha pe-
uenmopume Ha uHcyauHa u IGF-1 8 atuHuka, noBu-
wabalku cekpeuyuama Ha aHgpO2EHU U Nognoma-
2aliku pazBumuemo Ha CUHgPOM Ha NOAUKUCMO3HU
atuyHuyu (PCOS). He Ha nocaegHO macmo, xunep-
2Aukemuama 6u mozaa ga Bv3getdcmBa Bopxy adu-
HUKA gUPEKMHO UAU UHgUPEKMHO Kamo uHgyuupa
uHcyauHoBa pe3zucmenmHocm. B Hacmoawusa 06-
30p e HanpaBeH npezaeg Ha AuMepamypHuUMe ga-
HU OMHOCHO Xapakmepucmukama Ha penpogy-
kmuBHume HapyweHua npu 3A mun 1, Bkalouumen-
Ho me3u, Bogewu go pazBumue Ha PCOS.

KaroyoBu gymu:

Abstract

Reproductive disorders in Type 1 Diabetes
Mellitus (DM) are a result of disturbances in vari-
ous levels of the hypothalamus-pituitary-ovarian
axis, due to the combined effects of insulin defi-
ciency and hyperglycaemia that disrupt the phy-
siological function of various metabolic signals.
Several factors may be involved in altering ovari-
an function in women with Type 1 DM. Insulin
deficiency may lead to lower gonadotrophin le-
vels due to decreased GnRH secretion. In addi-
tion, higher serum exogenous insulin may lead to
overstimulation of the insulin and IGF-1 receptors
in the ovary, increasing androgen secretion and
fostering the development of polycystic ovary
syndrome (PCOS). Last but not least hypergly-
caemia may affect the ovary, both directly and
through inducing insulin resistance. This article
provides an overview of the literature concerning
the characterization of reproductive disorders in
Type 1 DM, including those leading to the devel-
opment of PCOS.

Key words:

3axapeH guabem mun 1, penpogykmuBHu Hapywe-
HUA, CUHgPOM Ha NOAUKUCMO3HU AUYHUUU, UHCYAU-
HoBa mepanusa

diabetes mellitus type 1, reproductive disturbances,
polycystic ovary syndrome, insulin therapy
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BbBegeHue - HeBpoeHgokpuH-
Ha pe2yAauug Ha ocma xuno-

maaamyc-xunodusa-20Hagu Adepenmu kbm Kiss 1

Apyau HeBpoHanHu adepeHmu kbm GnRH:
anymamam, TMAK, eHgozeHHU onuougHu

nenmugu, HeBpokuHuH B
Kiss1 "{Z Other neuronal

HeBpoHume
P ; Afferents to GnRH:
Afferents to Kiss 1 .

LH u FSH ca oc ) ma— 7 iss1 Glutamate,
HOoBHU peazyramopu Ha 4 - GABA,
oBapuaaromo  pa3Bu- @ @ Y. 5 endogenous
mue U UUKAUYHA (PYHK- - ,-"} < opioid peptides,
uua om nybepma Ha- 2 7 GnRH neurokinin B
npeg. Om cBoa cmpaHa, : !
nyacamuBHama cekpe- : - ®
UuA Ha 20HagOMPONUHU- P~ ©®

me ce onpegeaa om
GnRH, yuemo ocBo6o-
»kgaBaHe ce cmumyau- Y
pa om KuchenmuHume,
npou3xoXkgawu om om-

geAHU nonyAauuu Ha JlenmuH
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HeBpoeHgokpuHHa peayaayua Ha atuHukoBama yHKuuA.

oueHKa Ha MaAKume,
pacmawu  (POAUKYAU.
Om cBoa cmpaHa aen-
MUHbM U UHCYAUHBM Cbwo ydacmBam 6 koHmpoaa
Ha ocma XXI. MHo20 om ehekmume Ha me3u mema-
6oAaumHu pakmopu ce onocpegcmBam Ha ueHmpan-
HO (xunomaaamuuHo) HUBo, Kbgemo AenmuHbM gu-
PEKMHO UAU UHQUPEKMHO U3MeHA ekchpecuama Ha
Kiss1/kucnenmuna. OcBer moBa ca u3kazaHu npeg-
noAoykeHuAa 3a Haaudue Ha Kiss1-He3zaBucumu getcm-
Bua Ha AenmuHa Bbpxy GnRH HeBpoHume. Om cBoa
cmpaHa UHCYAUHBbM MO>Ke gUpPEeKmMHO ga pez2yaupa
pyHkyuama Ha GnRH HeBpoHume. B gonbaHeHue,
gupekmHume epekmu Ha UHCYAUHa U AenmuHa Bbp-
Xy alyHuUKa moxke bu gonpuHacam 3a memaboAumHa-
ma peayaauun Ha >keHckama 20HagHa ¢pyHkuus (1).
(Due. 1).

Neuroendocrine regulation of the owary function.

HeBpoeHgokpuHHa pezyaauua Ha ocma xuno-
maaamyc-xunogusa-2oHagu u ai4HukoBama
¢ynkuus npu 3axapen guabem mun 1

Xunomasamycobm uzpae kaouoBa poaa 6 xop-
MOHaAHama peayaauua Ha »keHckama noaoBa cucme-
ma. PenpogykmuBHume HapyweHua npu 3axapeH
guabem (3A) mun 1 ca peyamam om cmyweHua Ha
pa3auuHu HUBa Ha 20HagomMponNHama oc - Xunomaaa-
myca, xunoguzama u aduHuka (2). Te3u cmyweHun
npou3xo>kgam om KOMOUHUpaHUMe eekmu Ha UH-
cyauHoBua gedpuuum U Xunepaaukemuama, KOumo
pa3pywabam uzuoroeuyHama yHKUUA Ha pa3Aud-
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Mapusg U. aueBa u compygHuyu

HU MemaboAumHU cue-
Haau, yvacmBawu 6
peayAuuama Ha penpo-
gykmuBHama cucme-
ma (3-5).

HeBpoHume
3A mun 1 ce Afferents to Kiss1Mr*
cBvp3zBa cvc 3HauU- Neurons E
MeAHO NOHU>XeHU UH- .
cyaunoBu HuBa, Koe- @ (O

mo npegu3BukBa cbc-
moaHue Ha kamabo-
AeH/ompuuameaeH
eHepaueH GanaHc, Bo-
gew, go cpegHo- U
gbA2OCPOYHO HaMaAs-
Bane Ha meaecHomo
me2A0 U CbCmosHue
Ha XunoAenmuHemun
(6). MoHuxeHuam Aen-
MUH NOMUCKa gupek-
MHO UAU UHQUPEKMHO
XunomaAamuuHUA
Kiss1/kisspeptin, koe-

B

Yy 2
Nenmuu(__/O~ {:

mo om cBoa cmpaHa e :'I'l‘-/f'_?.
Bogu go noHuxeHa b (8 \P,f’
GnRH/2oHagomponu- h—-

HoBa cekpeuua (7). ‘lf‘lfWAT
Ouwe noBeue, aunca- Bsana
ma Ha JgUpPeKmMHo MacmHa
geicmBue Ha UHCYAU- mbkaH

Ha Bbpxy GnRH HeB-
poHume MmoXe ga
gonpuHaca 3a pazpy-
waBanemo Ha GnRH
cekepuuama npu 3A
mun 1 (7-9). Aokaza-
meAcmBo 3a moBa ca
npoyuBarua om 80-
me 20guHU, KOUMO
Hamupam, uye >KeHu
cbC 3A mun 1 ¢ nbp-
BuuHa u BmopuuHa
ameHopea U He3ago-
BoaumeneH memaboAumeH KOHMPOA ce npe3eHmu-
pam ¢ Hucku HuBa Ha LH, FSH, ecmpaguoa (10, 11),
Koemo ce cBbp3Ba ¢ Aunca Ha ocmambyHa UHCYAU-
HoBa cexkpeuun (12).

bescnopHu ca gaHHUmMe, Ye HeKOHMPOAUPaHU-
am 3A mun 1 (13) u gpyeu cbecmoaHua Ha memaboAu-
meH cmpec u Ha HezamuBeH eHepaueH 6araHc, Kamo
KpamkompatHo 2aagyBaHe npu 2pu3adu u npumamu
(14), mo2am ga NpuUYUHU XUNO20HAgU3bM Ype3 No-
muckaHe Ha xunomaaamuuHama Kiss1/kisspeptin ekc-
npecua. ToBa nogckazBa, ye Kiss1 HeBpoHume ca
yyBcmBumeaHu Kbm npomeHume 6 memaboAumHua
cmamyc. lope uumupaHume pazpabomku Ha
Castellano u cemp. couam, ve gedpekm Ha Kiss1 2eHa

Adepenmu kbvm Kiss 1

Nowo koHmponupa 31 mun 1

Poorly-Controlled T1D
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Xuno2oHagomponeH Xuno20Hagusbm
Hypogonadotropic

PazBumue Ha xuno2zoHagomponeH Xuno20Hagu3bm NpU AOWO KOHMpoAupaH 3A mun 1.

Development of hypogonadotropic hypogonadism Poorly-Controlled T1D

6 xunomanamyca e ocHoBeH gonpuHacaw, hakmop
3a pazBumue Ha Xxuno2oHagomponeH Xunoz2oHagu-
3bM, KOUmo vecmo ce HabAlogaBa npu AOWO KOH-
mpoaupar 3A mun 1 (13, 14). NpoyuBaHua npu >xe-
HU cbc 3A mun 1 u ameHopea couyam, Yye xunodusa-
ma omzoBapa HopmarHo Kbm ek3ozeHeH GnRH, koe-
MO gonbAHUMEAHO gokazBa, ue xunozoHagu3zmbm e
BmopuueH Ha xunomaAamu4Homo HapyweHue (15).
Auncama Ha gupekmHo mpodguuHo geiicmBue Ha uH-
cyAauHa Ha HuBo aduHuKk moxke ga ydacmBa 6 cbcmo-
AHUEMO Ha Xuno2oHagu3bm, HabaogaBaHo npu ekc-
nepumeHmanHu >xuBomHu u nayueHmMu ¢ HeKOHMPo-
AaupaH 3A mun 1 (1, 13) (Due. 2).

74

Engokpuroao2ug mom XXI Ne 2/ 2016



3axapeH guabem mun 1

Type 1 Diabetes Mellitus

:
¢ : :

— UHcyaunoB gedpuyum MogKo)xHOMO NpuAoXKeHUEe Ha UHCYAUH Xunepzaukemus
Insulin deficiency u3baz6a first pass KAupbHCa Ha UHCYAuHa Hyperglycemia
6 uepHua gpo0d
Subcutaneous insulin administration omits
first pass clearance of insulin
Kamaboano cecmonnuet AGE u RAGE
Catabolic statet 6 atunuka
AGE&RAGE in
the ovary
Y
LAenmunt/LLeptint XunepuHcyAuHemusa ['AtokomokcuyHocm
Hyperinsulinemia Glucose toxicity
{Kucnenmun/ ! Kissepeptin WhcyaunoBa Hapywenus
OBapuaatu pe3ucmet- 66 chorukyro-
v uHcyaunoBu u IGF-1 mHOCM 2eHe3ama
> VGnRH cekpeyus peuenmopu Insulin Abnormalities
VGnRH secretion Ovarian insulin & - in folliculo-
resistance
IGF-I receptors genesis
TTA0KO3HU l
HuBa l l
TGlucose
levels Teka kKremKu I'paHyro3a OBapuasna
Y 3oHa KAeMKU cmpoma
VLH/ FSH pemukyAapuc Donukyrapen Ovarian Y v
cekpeuun Theca cell pekpymmen stroma U3nazane Ha Anonmo3a
Adrenal Granulosa ceel AUYHUKA Ha Ha
VLH/FSH reticularis Follicular noBuwenu (borukyAu*
secretion recruitment HuBa Appoptosis
UHCYAUH of follicles*
Exposure of
the ovary to
Y Tinsulin
XunozoHagu3bm TAHgpO2eHHU MoAukucmo3Ho oBapuaana
3a6aBe nybepmem Huba mopdorozua Panna
MencmpyaAnu TAndrogen Polycystic ovarian MeHonay3a
HapyweHua levels morphology Early
Hypogonadism Menopause
Pubertal delay T Y

Menstrual irregularities

T MNMpu nauueHmu ¢ kemoauugo3a e HabaogaBaH aAenmuHoB
gecpuyum BcaegecmBue mexkbk UHCcyauHoB gedpuuum;
*AaHHU NpuU ekcnepumeHmaaHu >xuBomHu.

OBapuanta pytkuua u nybepmemto pazBumue npu 3A mun 1 (mogudpukayus no 2).
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Maria l. llieva et al

Mpegu BbBexkgaHemo Ha UHCYAUHOMepanuama
npu navyueHmume cve 3A mun 1 ce HabatogaBam me-
>KbK XUNO20Hagu3bm U HUCHK pepmuaumem. C no-
gobpaBaHemo Ha mepanuama, penpogykmuBHume
HapyweHua npembpnaBam 3HauYUMeEAHU NPOMEHU.
baazogapeHue Ha Bb3moXKHOCMMA 3a AeUeHue C UH-
CUAUH (pepmuAumembM U MeHCMpYaAHUMe Hapy-
weHua npu xxeHu cbe 3A mun 1 ce nogobpaBam, Ho
nepcucmupam caydaume Ha nbpBuura uau Bmopuy-
Ha ameHopea u 3ab6aBaHe Ha nybepmemHomo pas-
Bumue (16). Hakou aBmopu cvobwaBam 3a noHu-
>KeHa LH nyacamuaHoCm, noHU>KeHa amnAaumyga u
no-wupoku nyacoBe npu xeHu cbe 3A mun 1 u ame-
Hopesq, B cpaBHeHue ¢ me3u C HOpmaAeH meHcmpy-
aAeH uukbva (15, 17).

Ha (Duaypa 3 ca npegcmaBeHu cxemamuyHO npoue-
cume Ha UHgykuua Ha HapyweHua 6 oBapuaaHama
pyHKuuA u nybepmemuHomo pazBbumue om UHCYAU-
HOoneHuAMa u xunepaaukemuama npu 3A mun 1.
HabatogaBanume ocHoBHU penpogykmuBHu Hapy-
wieHuAa npu »keHu cbe 3A mun 1, mo2am ga ce 06006-
wam, kakmo caegBa (18):

1. CkbceH penpogykmuBeH nepuog - NO-KbCHO
MeHapxe U no-paHHa MeHonays3a;

2. XunomaaamuuHa aHoByaauun/ameHopes;

3. MeHcmpyaaHu HapyweHua (OAU2OMEHO-
pes/ameHopen, noAUMeHopes);

4. ABmoumyHHU HapyweHua - noBuweHa vec-
moma Ha oBapuaaHu aHmumeaa 8 cpaBHeHue cbc
3gpaBu KoHMpoAU;

5. PCOS ¢eHomun - xunepaHgpoz2eHU3bm U
aHoByaauua B xoga Ha AeyeHue C UHCYAUH.

XunepuHcyAuHemusma u xunepaaukemusma
kamo omkaiouBawu ¢akmopu 3a pasBumue

Ha PCOS npu XkeHu cbc 3axapeH guabem mun 1

Ouwge npe3 1921 2. Archard u Thiers (19) onuc-
Bam acouuauua mexxgy HapyweHuemo 6 memabo-
Au3Ma Ha Bbeaexugpamume u XunepaHgpo2eHU3Ma,
HapeueHo ,guabem Ha Opagamume >xeHu (diabete
des femmes a barbe)” (19). OmmozaBa ca npoBege-
HU peguua npoyuBanus, gokazBawu Bpb3kama mex-
gy PCOS, xunepuHcyauHemuama, uHcyauHoBama pe-
3ucmeHmHocm u 3A mun 2. Npegmem Ha 3acuAeH
Hay4yeH uHmepec npegcmabanBa Bpb3kama mexgy
3A mun 1 u PCOS.

Mpu puzuoro2uyHU ycaoBus, Ko2amo naHkpea-
Cbm cekpemupa UHCYAuH B nopmaaHama uupkyaa-
uuq, yepHuam gpob e opz2aHbm U3A0XKeH Ha Had-Bu-
COKU UHCYAUHOBU KOHUEHMpauUU U eAuMuHUpa 3Ha-
yumeAHa 4acm om cekpemupaHua UHCYAUH (20).
[Mpu nauyueHmume cbc 3A mun 1T NOGKOXXHO NPUAO-
>KEHUAM UHCYAUH Ce noema om cucmemHama UupKy-
AauuA, nponyckauku first pass egpekma Ha yepHuA

gpob (21-23) u uzaazaliku nepugpepHume MbKaHu Ha
Hagu3UOAO2UYHU gO3U UHCYAUH (21, 22).

Kbm Hacmoawua momeHm ocHoBHama uacm
om nauyueHmume cbC 3A mun 1 ca NOGAOXKeHU Ha
UHMeH3uuUUpaHa UHCYAUHOMepanua 3a nocmuza-
He Ha CMPUKMeH memaboAumeH KOHMPOA, C UEA
npegna3Bare om pa3zBumue Ha gbAZOCPOUHU YCAOXK-
HEeHUA NOpagu NpPogbAKUMEAHAMA XuNepaAuKemus.
ToBa obukHoBeHo u3zuckBa npuaazaHemo Ha cynpa-
(Pu3zuoA02UYHU gO3U UHCYAUH NO Hedu3uoAo2uveH
cybkymaneH nom. Emo 3awo, koausecmBomo nog-
KOXEH UHCYAUH, HeobXogumo 3a gocmuzaHe Ha
OHa3u KoHueHmpauua 8 nopmarHama cucmema, Ko-
AMO e gocmambyHa ga NOMUCHe eHgoz2eHHama
2AI0KO3Ha npogykuua om yepHua gpob, uma 3a pe-
3yamam noBuweHu uHcyauHoBu HuBa B cucmemHa-
ma uyupkyaauusa. NMocaegiume Bogam go noBuwero
u3AazaHe Ha aluyHuKa Ha geicmBuemo Ha uHCYyAuHa
(24), nomeHuyuaAHo 6Aaz2onpuamcmBawo aHgpo2eH-
Hama cuHmes3a mam (25).

3HaueHuemo Ha uHcyauHoBomo gelcmBue
Bbpxy penpogykmuBHama goyHKuua y xopa ce nog-
yepmaBa om ekcnpecuama Ha uHcyauHoBua peuen-
mop 6 noBeuemo MbkaHu, Kamo Xunomaaamyc, Xu-
nogusza, mamka, ad4yHuuu. ViHcyaunom ce cBop3Ba
He camo C UHcyauHoBua peuenmop, HO U € peuenmo-
pa 3a IGF-1 8 aGuHuka, BkAtoUUMEAHO MeKa, 2paHYAO-
3a U cmpomaArHume kaemku, geticmBaiku ocHoBHO
NO MUPO3UH-KUHA3HUA cu2HareH nbm (26, 27). VHcy-
AUHBM CMUMYAUpA cekpeyuama Ha aHgpoz2eHu 6 me-
Ka-kAemkume u noBuwaba akmuBHocmma Ha Hakou
cmepougoz2eHHu eH3umu - 3 HSD, 17-hydroxy-
lase/17,20 liase (26-28). To3u omzoBop e ocobeHo
nogyepmat, Ko2amo KAemKume ca U3A0XKeHU egHO-
BpemeHHo Ha geiicmBuemo Ha LH u uHcyauH, koemo
nokazaBa, ue nocaegHuam moxe ga gelicmBa kamo
KO-20HagomponuH (26). Ypes uHcyauHoBume peuen-
mopu B 2paHyro3a KAEMKUMeE, UHCYAUHbM CMUMY-
AUpa poAukyaapHomo pazBumue u oBapuarHama
cmepougozeHe3a (27, 29). NomeHuuupara e FSH-
cmumyAupaHama cmepougHa cekpeuua nopagu no-
BuweHu ecmpozeHoBu HuBa 6 2paHyAr03a KAeMKUMeE
6 pesyamam Ha egHoBpemeHHomo geicmBue Ha uH-
cyauHa u FSH. OcBen moBa, e2oHagomponHuam
epekm Ha uHcyAauHa Bbpxy PoAUKyArOo2eHe3ama cno-
maea 3a HabupaHemo u pazBumuemo Ha npe-oByaa-
MOpPHU (POAUKYAU (27), nomucka anonmo3ama u am-
pe3uama Ha (POAUKUYAU U gONPUHACA 3@ NBAHOMO UM
pazBumue, oBapuaAHua pacmex u eBeHmyaiHama
opmayua Ha kucmume (27, 30).

MoBuweHume KpbBHO-3axapHu HuBa npegus-
BukBam nepugepHa uHcyauHoBa pezucmeHmMHoOCM
(31), npougec, uzBecmeH Kamo 2KAIOKOMOKCUYHOCM
(32). KoHcmeaauuama om XunepuHCYAUHEMUS U UH-
cyauHoBa pesucmeHmuocm, kakmo e HabatogaBaHo
npu momuvema cwvce 3A mun 1, Bogu go pazBumue Ha
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NOAUKUCMO3HU AUMHUUU MHO20 NO-4eCMO OMKOAKO-
mo Bcako egHO OM Me3u CbCMOoAHUA CaMOCMOAMEA-
HO (33). XunepaAaukemuama moxke Cbwo ga noBaune
HebAazonpuamHo aduHukoBama yHkuua upes npo-
gykmume Ha HanpegHaao 2aukupaHe (AGE) u peuen-
mopume um (RAGE) (Due. 3). Te3u peuenmopu ce
ycmanoBaBam B 2paHyro3a u meka KAemkume u npu
3gpaBu >xeHu (34).

KAuHu4YHU gaHHu 3a pasBumue Ha PCOS npu
’keHu cbc 3axapeH guabem mun 1

PazauuHu KAUHUYHU npoyuBaHua B VcnaHus,
Yuau, Mimaausa u SInoHua ycmanoBaBam wupoko pas-
npocmpaHeHue Ha PCOS, noaukucmo3zo-oBapuasHa
(PCO) mophoaozua u xunepaHgpo2eHUA NpU >KeHU
Ccbc 3axapeH 3A mun 1.

Taka, Escobar-Morreale u comp. (35) omkpuBam
paznpocmpaHeHue Ha PCOS, geduHupaH cnopeg
kpumepuume Ha NIH (National Institute of Health)
(36), 8 18,8% npu >eHu cbe 3A mun 1T om KaBka3a-
ma paca 68 Magpug, VcnaHua. To3u gaa Ha 3acez2Ha-
mume guabemuuku e 3HauumeAHo no-Bucok om Ha-
mepeHua 6 koHmpoaHama 2pyna om 154 >eHu 6e3
3A - 6,5% (35). INpu npuaazare Ha Pomepgamckume
kpumepuu 3a PCOS (37), koumo BkatouBam u oBapu-
aAHa noAaukucmo3Ha mopgpoaozun, Codner u comp.

Tabauya 1.

caregoBamenu, obave, cbobwaBam 3a MHO20 NO-HU-
CbK nhpoueHm Ha pa3znpocmpaHeHue Ha PCOS cno-
peg Pomepgamckume kpumepuu (7,4%), makap ue
nauueHmkume B8 npoyuBaHemo um ca ¢ gopu no-Bu-
coku HuBa Ha aHgpozeHu cnpamo me3u om KcnaHus
u Yuau (39). Hakpas, npuaazaliku kpumepuume Ha
AES (ApyxecmBo 3a AHgpoezeHeH Ekcuec), koumo
uzuckBam HaAuuvue Ha XxunepaHgpozeHuHu3bm (40),
paznpocmpaHeHuemo Ha PCOS npu yuaulckume na-
uueHmku cbc 3A mun 1 6u 6uro 31% (28) (Taba. 1).

BnocaegcmBue npu >keHu cbe 3A mun 1 KAUHU-
YeH xunepaHgpozeHu3bm e ycmarHoBeH 6 okoro 40%
8 McnaHua u Yuau noomgeaHo (35, 36) u 6 okono
25% 6 Mimaaua (40).

Xup3ymu3zmbm e mapKep 3a aHgpO2eHeH eKcuec
uau geticmBue B8 nuaocebaueliHama eguHuua u ce
cyuma 3a KAUHUYEeH Deae2 Ha XunepaHgpozeHu3ma,
gopu Npu AUNCa Ha MEHCMPYaAHU HapyweHua u/uau
noBuweHu HuBa Ha aHgpoezeHu. Escobar-Morreale u
cbmp. (35) ycmaroBaBam 30,6% paznpocmpaHeHue
Ha xup3ymu3ma (ckop Hag 8 cnopeg ckaaama Ha
Ferriman-Gallwey) npu »keHu cbc 3A mun 1 kamo 06-
xBawam oKOCMEHU nhauueHmMKuU CcbC cbnbmemBaw,
PCOS u makuBa 6e3 meHcmpyaaHu HapyweHus. To3u
npoueHm e 3HavumeaHo no-Bucok (P<0,0001) om Ha-
mepeHua 7,1% npu >xexu 6e3 3A 6 Magpug (41). B
nogo6Ho npoyuBare Ha Codner u

[MpoueHm >xeHu cbe 3A mun 1, nokazBawu 6eae3u Ha xunepaHgpozeHuzbm, PCOS uau noaukucmo3zo-oBapuarHa mophorozus.

KAUHUYHU npu3zHayu MpoyuBane Ha Escobar-Morreale | MpoyuBane Ha Codner
u comp. Ucnanua, 2000 u cemp. Yuau, 2006

Xup3ymu3bm 30,6 28,6
KAUHUYEH XunepaHgpo2eHU3bm 38,8 38,1
buoxumuueH xunepaHgpozeHu3bm 19,1 23,8
MeHcmpyaAHu HapyweHua 25,9 19,0
INoaukucmo3sHo-oB8apuarHa mopgoroaun - 54,8

(PCO)

PCOS cnopeg NIH kpumepuu 18,8 11,9

PCOS cnopeg Rotterdam kpumepuu - 40,5

PCOS cnopeg AES kpumepuu - 31,0

ycmanoBaBam noBuweHa yecmoma Ha 3ab6oanBaHe-
mo - 8 40,5%, om u3caegBaHume >keHu cbc 3A mun
1, Kamo ocobeHo paznpocmpaHeHa e KombuHauus-
ma om xunepaHgpozeHu3zbm u PCOS (38). Ako 8 npo-
yuBavemo 6axa npuaokeHu kpumepuume Ha NIH
(36), yecmomama 6u 6uaa 11,9%. MimaauaHcku u3-

cbmp. (28) cmodHocmume ca cbomBemuo 28,6%
npu xeHu cbc 3A mun 1 68 cpaBHeru ¢ 0,0% npu

3gpaBu koHmpoau. ToukyBaHemo no ckanama Ha
Ferriman- Gallwey e no-Bucoko npu nauueHmkume
cbe 3A mun 1 cnpamo kKoHmMpoaume - cbomBemHo O-
14 m. u 0-5 m. Pe3yamamume Ha ucnaHckume u3cae-
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Mapuga N. UnueBa u compygHuyu

goBameau Escobar-Morreale u comp. couam, ve 06-
wuam cepymeH mecmocmepoH U aHgPOCMEHJUOH U
HuBama Ha cBo6ogeH mecmocmepoH ca no-Bucoku
npu >keHume cbc 3A mun 1 u PCOS, cnpamo me3u
npu 3gpaBu KOHMPOAU U NPU XXeHu cbe 3A mun 1, HO
6e3 xunepaHgpozeHuzbm. Cpeg 2pynume He ce yc-
maHoBaBam pazauuusa 68 cepymHume HuBa Ha SHBG,
DHEAS, 17-OHP, LH, FSH, E2 (35). Codner u comp.
peazucmpupam no-8ucoku HuBa Ha mecmocmepoH,
aHgpocmeHguoH u 170OH npozecmepoH npu guabe-
MuYKU, HO nogobHu cmolHocmu 3a SHBG, FSH,
DHEAS, LH, FSH/LH, E2 (42).

Exoepagpckuam obpaz Ha NOAUKUCMO3HU AUYHU-
yu, uzBecmeH Kamo noAukucmo3Ha oBapuasHa Mopgo-
Aoeus, ce HabagaBa wecmo npu >xerHu ¢ PCOS u ce
o0bacHaBa om egpekmume Ha uHcyauHa Bbpxy POAUKY-
AozeHe3zama. Haauue ca noBuweH obem Ha aduHuka u
6pou poAukyAu, koumo Bogam go NoAUKUCMO3HU AduY-
HUUU Npu OKOAO noaoBuHama om nayueHmKume Cbe
3A mun 1 (54,8%) cnpamo camo 13,2% npu cbom-
Bemuu no Bb3pacm 3gpabu kKoHmpoau (38). Arina
Moyoshi u comp. ycmanoBaBam PCO moporozua
npu 52,4% om u3caegBaHume >xeHu cbc 3A mun 1 6
SlnoHua (43).

KAuHuYHU, AabopamopHu u namodusuonroauy-
Hu xapakmepucmuku Ha PCOS npu 3axapeH
guabem mun 1 u Ha PCOS cbc camocmogamen-
Ha u3gBa.

KeHume cbc 3A mun 1 u PCOS ce npe3eHmu-
pam c (heHOMUNHU U XOPMOHAAHU pa3Au4us Cnpamo
me3u cbC camocmoameaHa u3aBa Ha PCOS - cvnoc-
maBkama e o6obweHa 8 Tabauua 2.

Xup3ymusmbm e 06kHOBeHO ymepeHo u3zpaszeH
npu >keHume cbc 3A mun 1, koemo obacHaBa 3awo
mo3u npu3Hak yecmo ocmaBa He3abeaazaH om Aeky-
Bawume cneuyuaaucmu. buoxumuyHama xunepaHg-
pozeHua u yampazBykoBuam obpa3z Ha noAUKUCMO3-
HU A0YHUUU MO2am ga oCmaHam Hegua2HoCcmuuupa-
HU, aKo ce u3Bbpwiu camo KAUHUYHA OUEHKa Ha Xup-
3ymu3ma (38). XKenume cbc 3A mun 1 u PCOS ce
npe3eHmupam C NO-AeK XunepaHgpoz2eHU3bm, Om-
koakomo me3u ¢ PCOS, Ho 6e3 3A kKamo KAacuyecku-
am PCOS-peHomun, npomuyaw, C OAU20OMEHO-
pes/ameHopes, xunepaHgpozeHua u PCO mopdgpono-
2ua e no-pagko cpewaH npu nvpBama epyna (30%
cnpamo 90%) (42).

XopmoHaAHUAM NPOUA NPU >KeHU cbc 3A mun
1 u PCOS e pa3auyeH om mo3u hpu xunepaHgpoze-
HuyHUMe Heguabemuuku (41). HuBama Ha cepymeH
mecmocmepoH ca cxogHo noBuweHu u npu gBeme
2pynu, HoO me3u Ha cBobogHume aHgpo2eHU ca no-
Hucku npu nbpBama, koemo ce obacHaBa om Hop-

marHume HuBa Ha SHBG. MoHuxkeHue Ha SHBG - xa-
pakmepeH beae2 3a >xeHume ¢ PCOS 6e3 3A, He ce
ycmanoBaBa npu 3A mun 1 u PCOS. HopmaaHume
HuBa Ha npomeuHa 8 mo3u cayual moxke 6u ca cBbp-
3aHuU ¢ uHcyauHoBama koHueHmpauua 8 nopmaaHa-
ma BeHa, koemo e ocHoBeH pezyramop Ha SHBG
(44). Taka, nogkoxkHo BHeceHuam 6 cucmemHama
uupKyAauua UHCYAUH moxke ga He goBege go noBu-
weHue Ha HuBama my B nopmaaHama cucmema, go-
pu ga ca npuao>keHu go3u no-Bucoku om u3zuoA0-
2uyHume. Hopmaanume HuBa Ha SHBG npu >keHume
¢ PCOS u 3A mun 1 noBuwaBam cBvp3zBatemo Ha
noroBume cmepougu Kbm npomeuHa u obacHaBam
3awo HuBama Ha cBobogHume aHgpozeHu He ca yBe-
AuYeHU (44) u Xup3ymu3mbm Nnpu mMAax e no-Aek, om-
KOAKOmMoO npu »keHume camo ¢ PCOS 6e3 3axapeH gua-
6em. Hewo noBeue, HopmaaHume HuBa Ha SHBG
npu >xeHume cbc 3A mun 1 e npuyuHa Had-1yBcmBu-
MmeAeH cepymeH mapkep 3a XunepaHgpo2eHU3bm npu
max ga e obwuam mecmocmepoH, a He cBobogHume
My ppakuuu uau FAI, kakmo e npu Heguabemuuku c
PCOS (45).

AHgpO2eHHUAM eKCUueC Npu >KeHume CbC 3A
mun 1 e ocHoBHO om oBapuareH npou3xog, Mbl Ka-
mo omezoBopume Ha agpeHaaHUMe aHgpO2eHHU npe-
kypcopu kbm ACTH-cmumyaauuoHHume mecmoBe
ca nogobHu Ha me3u npu 3gpabu >keHu (45). OBapu-
aAHama 2eHe3a Ha XxunepaHgpoz2eHuama ce nogkpensa
u om noBuweHua omzoBop Ha 17-OH npozecmepo-
Ha kbm GnRH az2oHucmu, ycmaHoBeH npu 3Hauumen-
Ha yacm om nogpacmBawu geBolku cbc 3A mun 1
(46). Mo nogobeH HauuH, HuBama Ha LH u FSH ca
HOpMaAHU npu >eHu cbC 3A mun 1T u PCOS, koemo
npegnoAaza, 4ye Xunomaaamo-xunogpuzapHama oc He
uzpae Bogewa pora B namocpuzuor02UHHUME MeXa-
HU3MU 3@ UHgYKUUA Ha aHgpoezeHeH ekcuec.

3aBuwenume HuBa Ha AMH ca munuueHr Geae2
3a nayueHmku ¢ PCOS 6e3 3axapeH guabem. He3a-
Bucumo om noBuweHua 6pol POAUKYAU C paszmepu
2-9 mm, AMH e HopmaaeH npu >eHu ¢ PCOS u 3A
mun 1. O6acHeHUeMoO Ha Ma3u Haxogka e, ye noBu-
weHuam oAuKkyrapeH b6pol ce gbaku Hal-Beue Ha
(POAUKYAU C pazmepu Hag 5 mm, koumo npouzBex-
gam oepaHuveHo koaudecmBo AMH (42). Te3u gan-
HuU nokazBam, ye He Bcuuku xunepaHgpPO2EHHU CbC-
moaHuA Npu >XeHume ce npegcmabBam ¢ egHu U Cb-
wu omkAaoHeHua 6 pazBumuemo Ha gpoaukyaume u
ye HAKOU XapakmepHu beae3zu mo2am ga ce HabAloga-
Bam uzkalouumeaHo u camo npu PCOS kamo camoc-
moameAHo 3aboanBaHe.

HampynaHu ca gocmamwbyHO gaHHU, Ye KOH-
BeHuUOHAAHOMO UHMe3UUUUPAHO UHCYAUHOAEYe-
Hue (3 u noBeue uHcyauHOBU anAukauuu) Npu >keHu
cbe 3A mun 1 ce cBvbp3Ba ¢ pazBumue Ha PCOS.
Codner u comp. (38) cbobwaBam, ue 75% om xeHu-
me cbc 3A mun 1 Ha uHMeH3uUUUPaHU UHCYAuHoBU
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Tabauua 2.

CpaBHeHue Ha KAUHUYHU, AaBOpPaMOPHU U NAaMOU3UOAOUYHU XapaKmepucmuKu mMexkgy xeHu cbe 3A mun 1 u PCOS

u >xeHu ¢ PCOS 6e3 3A mun 1.

Xapakmepucmuku

3A mun 1 + PCOS

PCOS

AemcmBo

T AMH/ agpeHaaHu aHgpozeHu

T AMH/ agpeHaaHu aHgpozeHu

MNpexgeBpemeHHo nybapxe

He ce cvobwaba

AcouuupaHo

[Mybepmem

HopmaaeH uau aeko 3a6aBeH

HopmaneH uau paHeH

Hauaao Ha xunepaHgpozeHuU3bm

KocHo

OKOAO MeHapxe

Hauaao Ha noBuwaBare
Ha MEeAeCHOMO Me2A0
UAU Ha MacmHama mbkaH

INpe3 nybepmem/ioHowecmBo

INpe3 gemcmBomo

MI3mouHUK Ha XunepuHCYAUHemun

CucmemHa uupkyaauua

NaHkpeac / nopmaaHa BeHa

MHcyaunoBa pesucmenmuocm

BmopuqHa Ha 2AlOMOKCU4YHOCM

IMbpBuuHa /cBbp3aHa ¢

obezumem
ToKaHu, u3A0XKeHU Ha noBuweHu
uHcyAuHoBu KoHUeHMpauuu Muyckyau, macmHa mbkaH YepeH gpob
CmeneH Ha Xup3ymu3bm Aek [Mo-mexxbK

INpeobaragaBaw, peHomun

XunepaHgpo2eHU3bM —
KAUHUYEH UAU BuoXumuyeH

OAauz2omeHopen +
XunepaHgpozeHu3zom + PCO

O6w, mecmocmepoH /

AHgpOCMeHgUOH T
CBobogeH mecmocmepoH HopmaneHn uau 7T ™17
SHBG Hopmanen uau T \’
LH HopmaneH T
AHmumionepoB xopmoH HopmaaeH T
AnoBynauun Aa
PCO npu Y3A Aa

cxemu uau pazBuBam PCOS, uau nokazBam acumn-
momamuvHa NOAUKUCMO3Ha mopdgorozua npu Y3A Ha
atuHuuy, 6 cpaBHeHue cbe camo 33% om nauueHmMKu-
me, npuAazawu no-koHcepBamuBHa mepanua om
gBykpamHu uHcyauHoBu anaukauuu (38). INpu yumu-
paHume no-zope npoyuBaHua 68 Vicnanua u Yuau He
ce omkpuBam pazAuku no omHoweHue Ha cpegHa
gHeBHa go3a uHcyauH, gaBHocm Ha 3A mun 1 u cme-
neH Ha memaboAUMEeH KOHMPOA MeXgy He-xunepat-
gpozeHHume guabemuuku u me3u ¢ PCOS (35, 38)
UAU C U30AUpPaHa NOAUKUCMO3HA oBapuaaHa moppo-
Aozusa (38).

B 3akAr0yeHue, npu KeHume CbC 3axapeH gua-
6em mun 1 ca HaAuue KOMNAEKCHU HapyweHua 6 pe-

2yAauuama u oyHKuuAama Ha aiuHuuume, gbAXKawu ce
Om egHa cmpaHa Ha UHCYAUHONEHUYHOMO CbCMOoAHUe
U mexkecmma Ha xunepz2Aukemuama ¢ pe3yamam
XUNO20HAgOMPONEH XUNO20HAGU3bM, @ OM gpyaa -
Ha npoBeXkgaHoMo gbA2020gUWHO UHCYAUHOBO Ae-
yeHue, KOemoO MOXe ga OMKAIOUU XUNepaHgpPO2EHHO
cbcmonaHue cbe cneyuduveH PCOS-cpeHomun. Te3u
HapyweHua mpabBa ga ce umam npeg Bug npu u3ze-
paxkgaHe Ha mepaneBmuuyHume cmpameauu U NPoc-
AegaBaHe NO omMHoWeHUe Kakmo Ha 3axapHua gua-
6em, maka u Ha penpogykmuBHume npougecu 6 pas-
AUYHU nepuogu Ha >kuBoma Ha 3acezHamume >KeHu C
o02Aeg nogobpaBaHe kavecmBomo um Ha >kuBom u
pepmuaHoCcmMmMa.
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Pesiome

Llea: Llenma Ha Hacmoawomo u3caegBaHe e ga ce oueHu mepaneBmuuHua edpekm Ha a-aunoeBama kuce-
AUHa Bbpxy cbpgedHo-cbgoBama aBmoHomHa hyHKUUA Npu 3axapeH guabem mun 2.

Mamepuaa u memogu: O6wo 94 Auua - 48 >keHu U 46 MbXKe CbC 3axapeH guabem mun 2, Ha cpegHa Bb3-
pacm 49,4+14,1 2., cbc cpegeH VITM 27,517,6ke/m?, ca BkatoueHu B kpoc-cekuuoHHo npoyBaHe. YyacmHuuu-
me ca pa3zgeAreHu B 2 2pynu cnopeg npuaazaHemo Ha mepanus ¢ o-AunoeBa kuceauHa. V3mepeHu ca aHmpo-
noMempuyHUME Noka3ameAu - pbCm U me2A0 U e u3ducaeH MTM. MNMpu Bcuuku yuacmHuuu e u3zcaegBaH
HbA,. (Roche Diagnostics). ABmoHomHama cpyHkyua e oueHeHa ¢ ANS-3,0 memog, uznoa3Baw, cmaHgapmHu-
me aBmonHomHu mecmoBe - gbaboko guwatre, npoba Ha BaacaaBa u uznpaBane om cegHaaa no3zuuus.

Pezyamamu: YcmanoBu ce no-Hucka yecmoma Ha u3aBeHama cbpgeuHo-cbgoBa aBmorHomHa gucgyHKyuA
npu Auuama, npuemaau o-aunoeBa kuceauHa - 43% cnpamo 63%, KaKMO U Ha KAUHUYEH U CYOKAUHUYEH Op-
mocmamu3bm. [pouyeHMbM Ha omgeAHUME NAMOAO2UYHU KAUHUYHU mecmoBe, kakmo u 6posam abHopmaa-
HU aBmoHomHU NPOBU NPU egHO AUUE € NO-HUCHK NPU NpuAazaHe Ha megukameHma. YecmomHume noka3ame-
AU gemoHCmpupam nomucHam cumnamuko8 u napacumnamuko8 moxyc 6 nokol u 8 xoga Ha KAUHUYHUME
mecmoBe npu Aunca Ha AedveHue C o-aunoeBa KuceAuHa.

3akaryenue: Pesyamamume om Hacmoawomo npoydBaHe nomBbprkgaBam gbazocpouHua brazonpusmeH
epekm Ha o-AaunoeBa KuceauHa Bbpxy cbpgeuHo-cbgoBama aBmoHomHa hyHKUUA NPU AUUA CbC 3axapeH gua-
6em mun 2, HezaBucumo om Bb3pacmma, gaBHocmma Ha 3aboaaBaHemo u Haauuuemo Ha 3amabecmaBaHe.

Kao4oBu gymu: copgeuno-cobgoBa aBmoromHa pyHkuus, o-aunoeBa KuceauHa, 3axapeH guabem mun 2

Ha cbpgedHo-cbgoBa aBmoHomHa gucyHKuuA 3Ha-
yumo HamaaaBa ouakBaHama NPOYHLAXKUMEAHOCM Ha
>kuBoma, yBeauuaBa 6poa Ha npuemaHume meguka-

BvBegeHue

CovpgeuHo-cbgoBama aBmoHomHa guchyHkuua e

KAUHUYHO Hal-BaxkHama u Hal-uzyyaBaHa hopma Ha
guabemna aBmoxomHa HeBponamua, mbl Kamo pe-
guua 2oAaemu npoyuBanua - UKPDS (1), ADVANCED
(2), VADT (3), ACCORD (4) u DIAD (5) a onpegeaam
kamo He3aBucum puckoB hakmop 3a cmbpmHOCM
Npu hauueHmMume CbC 3axapeH guabem. Haauuuemo

MeHMU u xocnumaausauuume (6).

Cmama ce, ye kamo eguHcmBeH namozeHemuueH
azeHm, KbM HacmoAawua momeHm o-AunoeBama kuce-
AUHa e Hal-mowHomo cpegcmBo 3a AeyeHue Ha gua-
6emHa HeBponamusa (7). Toaam Opol paHgomu3upa-
Hu, gBouHo caenu, naauebo-KoHMpPoOAUpaHU NPOYY-
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BaHua gokaagBam 6Gaazonpusmuua HeBponpomek-
muBeH u HeBpopezaeHepamopeH edpekm Ha o-Aunoe-
Bama kuceauHa Bvbpxy comamuyHume HepBHu Baak-
Ha (8-14). Mema-aHaau3z nomBubprkgaBa 6aazonpusm-
Hua epekm Ha o-aunoeBama KuceAuHa no omHouwle-
Hue Ha HeBponamHama cumnmomamuka u HeBpoHaa-
HUA gedhuyum Npu AUUA CbC 3axapeH guabem u cum-
nmomamuyHa HeBponamua (15). B npoyuBaHemo
DEKAN e ougeHeHa egpekmuBHocmma u Oe3onac-
HOCMMa om NPUAOXKeHUemo Ha o-aunoeBa KuceauHa
NO OMHOWeEHUE Ha CbpgeuHo-cbgoBama aBmoHomHa
HeBponamusa npu 3axapeH guabem mun 2. [Npu cnek-
mpaAeH aHaau3 ce ycmanoBaBa noBuwabaHe Ha 06-
wama aBmoromHa akmuBHocm 8 HuckouyecmomHua
guana3oH, koemo nokazBa baazonpuameH edpekm Ha
a-aunoeBama kuceauHa Bbpxy cbpgedHo-cbgoBua
aBmonHomeH moyc (16). TaHkoBa u cbmp. Cbwo
gokaagBam nogobpaBare, kakmo Ha ceH3zopHama,
maka u Ha cbpgedyHo-cbgoBama aBmoHomHa PyYHK-
uua Npu npuaoxeHue Ha o-aunoeBa kuceauna (17-
20). Obw, Hegocmambk Ha HaAuuHUMe B Aumepamy-
pama u3caegBaHua e maxHama KpamkoCpOYHOCM
Bapupawa om 3 cegmuuu (8) go 2 2ogutu (10) u Aun-
cama Ha goka3zameacmBa 3a gbA20CpOUYHUME NOA3U
OM NPUAO>KEHUEMO Ha MegukameHma.

Lleama na Hacmosawomo u3caegBaHe e ga ce oue-
HU mepaneBmuuHusa egpekm Bbpxy CbpPgeUHO-Cbyo-
Bua aBmoHOMEH MOHYC OM CUCMEMHOMO NPUAOKe-
Hue Ha o-aunoeBa KuceauHa NPU AUUA CbC 3axapeH
guabem mun 2 ¢ pa3zaudHa gaBHocm Ha 3aboaaBane-
mo u gokazaHa guabemwa nepudgpepHa noauHeBpona-
mus.

Mamepuan

B Hacmoswomo Kpoc-cekyuoHHO u3caegBane
yuacmBam obwo 94 Auua - 48 XeHu u 46 MbXKe CbC
3axapeH guabem mun 2, Ha cpegHa Bb3pacm
49,4%14,1 2., coc cpegeH VITM 27,5+7,6ke/m?, pa3ge-
AeHu B gBe 2pynu cnopeg npuaazaHemo Ha mepanus
¢ a-aunoeBa kuceauHa. CucmemHuam npuem Ha me-
guKkameHma e gehuHUpPaH Kamo HenpekbCHam nepo-
pareH npuem Ha 600 m2 aagpa-aunoeBa KuceAuHa
gHeBHO npe3 nocaegHuMe nem 20gUHU, NpenopbyaH
no noBog kauHuuYHO u3aBeHa guabemHa comamuuHa
noauHeBponamua. OcHoBHUMEe Xxapakmepucmuku Ha
2pynume ca npegcmaBenu 6 Tabauua 1.

Yyacmuuuume ca HabpaHu 6 xoga Ha xocnumaau-
3ayuama um 68 KauHuka no Auabemoaoaun, KauHuueH
Llenmbp no EHgokpuHoAo2ua u epoHmonaozun, Me-
guuuHcku YHuBepcumem, Codpus.

B uzcaegBavemo He yuacmBam Auua ¢ gokazaH
3axapeH guabem mun 1 uau ¢ B53M0OXHO Haauvue Ha
gpyea opma Ha 3aboaaBaHemo, ¢ pumMbMHU Hapy-
WweHUA UAU npuemawu aHmuapummuyHuU MegukameHr-

mu, C UMNAQHMUPaH NOCMOAHEH eAeKMpoKapguoc-
mumyAamop, € gaHHu 3a npexkuBaH cbpgeuHo-cbgoB
UHUUgEeHM - muokapgeH UH(apKm UAU MO3bYeH UH-
cyam, ¢ uzaBeH xunomupeougu3bm.

Bcuuku yyacmuuuu 6 uzcaegBanemo ca nognuca-
AU UH(POPMUPAHO Cb2Aacue U ca 3ano3Hamu C UeAu-
me, memogume u puckoBeme npu 83emaHe Ha yyac-
mue 8 u3zcaegBaHemo cbaracHo Aekaapauuama om
XeA3uHKu u cbobpazHo npaBurama 3a Aobpa Kau-
HuyHa [Mpakmuka, kamo npoyuBaHemo e ogobpeHo
om Emuunama komucua Ha Meguuurcku YHuBepcu-
mem, Codpus.

Memogu

Bcuuku yuacmuuuu ca uHmepBioupaHu OMHOCHO
gaBHocmma Ha 3axapHua guabem, Haau4ue Ha gpyea
dopma Ha 3aboraBaHemo, pumbMHU HapyweHua UAU
Npuem Ha aHMUAPUMMUYHU MeguKameHMuU, UMNAaH-
mupaH NOCMOAHEH eAaekmMpoKapguocmMumyaamop,
ucxemuyHa 6oaecm Ha Cbpuemo u npexkuBaH cbgoB
uHuyugeHm u u3zaBeH xunomupeougu3bm.

M3mepeHu ca aHmponomempuyHuUmMe nokazame-
AU - pPbCM U Me2A0 U e uzducaeH MTM. Tpu Bcuuku
ydacmuuuu e uzcaegBan HbA,. (NGSP cepmudpuyu-
paH) (Roche Diagnostics).

3a oueHka Ha aBmoHOMHama (PYHKUUA e NPUAO-
»keH ANS-3,0 memog (ANSAR Medical Technologies,
Inc., Philadelphia, PA) - moHumopuH206a cucmema 3a
HeuHBazuBeH, egHoBpemeHeH u He3zaBucum aHaauj
Ha cumnamukoBama u napacumnamukoBama akmu6-
Hocm, u3noa3Baw, cmaHgapmHume aBmoHOMHU
mecmoBe - gbAboko guwaHe, npoba Ha BaacarBa u
uznpaBaHe om cegHaaa no3uuua. ANS-3,0 memogbm
u3uucaaBa aBmoHomHama akmuBHocm nocpegcm-
Bom cnekmpaaeH aHaAu3 Ha Bapuabuaumema Ha Cbp-
geyHama yecmoma u pecnupamopHama akmuBHocm
(21, 22) B HuckouecmomHua guanazoH om CnekMb-
pa gpukcupaH mexxkgy 0,04-0,15 Hz (22).

Pesyamamu

YcmaHoBu ce no-Hucka uvecmoma Ha u3aBeHa
cbpgeuHo-cbgoBa aBmoHomHa gucyHKUUA Npu AU-
uama npuemaau o-AaunoeBa kuceauHa - 43% cnpamo
63%, KaKmo U Ha KAUHUYeH U CYOKAUHUYEH opmoOcC-
mamu3zbm (Dueypa 1). HabaogaBa ce noHukeH npo-
UeHm Ha oMgeAHUMe NAMOAO2UYHU KAUHUYHU Mec-
moBe, kakmo u 6poam abHopmarHu aBmoHOMHU
Npobu NpU egHO AUUE NPU NpUAA2aHEe HA MEeJUKAMEH-
ma (Dueypa 2).

AHaAU3bM Ha YecmMoMmHUMe NoKa3ameAu gemoH-
cmpupa nomucHam cumnamukoB u napacumnamu-
K08 moHyc B nokol u B xoga Ha KAUHUYHUME Mmec-
moBe npu aunca Ha AeueHue ¢ o-aunoeBa KuceauHa
(Duaypa 3).
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PymaHa b. AumoBa u compygHuyu

Tabauya 1.

OcHoBHu xapakmepucmuku (6pou, pa3npegeaeHue no noa, cpegHa Bb3pacm, uHgekc Ha meaecHa maca (MTM), HbA; . u
gaBHocm Ha 3axapHua guabem) 68 epynume cnopeg npuaazaHemo Ha mepanua ¢ a-AaunoeBa kuceauHa - Ha mepanua (o
AaunoeBa kuceauHa+) u 6e3 mepanua (o-aunoeBa kuceauHa-).

o-AunoeBa kuceAauna - | o-aunoeBa kuceauna+ p
6pou 53 41
NoA (MbyKe/>KeHu) 28/25 18/23
Bb3pacm (2oguHu) 51,8%£12,8 42,6%15,6 0,029
UTM  (ke/m?) 28,7+8,1 24,0+4,8 0,019
HbA, (%) 8,5+2,0 9,5+2,0 0,055
gaBHocm (20guHu) 10,5+7,8 9,4+6,1 0,003
AaHHume ca cpegHu cmoUHOCMU £ CMaHgapmHO OMKAOHEHUe

muaypa I Yecmoma Ha opmocmamu3bm (%) B 2pynume cnopeg mepanuama ¢ o-aunoeBa KuceauHa

%
10

7,7
5,3
4
2 1,9
0 0

KfuHUYeH opmocmamus3bm

. o-AunoeBa KuceAuHa -

- Ha mepanus (o-aunoeBa kuceauHa+) u 6e3 mepanua (o-aunoeBa KuceauHa-).

cy6knuHUYeH opmocmamusbm

. o-AunoeBa KuceauHa +

MpoueHm namoaozuyHu aBmoHomHu mecmoBe u 6pod namoaozu4Hu Npobu Nnpu egHo Auue 6 2pynume cnopeg

%
80
60

MNpo6a gbn6oko guwaxe

73,7

52,6 45,3 52,8
40
20
0

mepanuama ¢ a-aunoeBa kuceauHa - Ha mepanus (o-aunoeBa kuceaunat) u 6e3 mepanua (o-aunoeBa KuceauHa-).

47,4 442

1B

MNpo6a BancaBa

OpmocmamuyHa npo6a
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% 351 368 36,8

40 30,9
28,3 26,3 ;
30
20
10 5,7
0 0
3 namono2uyHu 2 namoJsio2uyHu 1 namonozauyeH 0 namonozuyHu
mecma mecma mecm mecma
. oc—/\unoe6a KUuCeAUHa - . (x—/\unoeﬁa KUuCeAuHa +

Hapywena cumnamukoBa (LFa) u napacumnamuxoBa (RFa) akmuB-
Hocm B nokou, RFa 6 xoga Ha mecma gbAGoko guwane, LFa 8 xoga
Ha mecma BaacaaBa u LFa u RFa 8 xoga Ha opmocmamuuHa npoba 8 Oﬁcmkgal-le
% B 2pynume cnopeg mepanuama ¢ o-aunoeBa KuceauHa - Ha mepa-

nua (o-AaunoeBa kuceauHa+) u 6e3 mepanua (a-aunoeBa kuceauHa-). OKcugamUGHUHm cmpec, 3acazau, He6pOHaAHu9
!

% kKpbBomok ¢ nocaegBawo pazBumue Ha xunokcua u
50 47,4 gucyHkuua Ha HepBHUMe BaakHa, e gokazaH nogae-
43,4 »Kaw, namozeHemuyeH mexaHu3bm 3a pazBumue Ha

guabemta HeBponamus (23). o-aunoeBama kuceauHa
40 e yHuBepcaAreH aHmuokcugaHm, Kolmo ynpaxkHaBa
egHoBpemeHHo gupekmeH - yaaBaHe Ha cBobogHu-
30 me paguKaAu, u uHgupekmeH - Bb3cmanoBaBare Ha
24,5 gpyeu eHgoz2eHHU aHmuoKcugaHmu (2aymamuoH, Bu-

mamuH A u E), aHmuokcugaHmeH egpekm (24-27), u

20 15,8 npegomBpamaBa AunugHama nepokcugauua Nocpeg-
cmBom akmuBupaHe Ha eH3umMume - Kamaaa3a u cy-
10 nepokcug gucmymasza 6 nepudepHume HepBHu

BaakHa. Te3u ecpekmu Bogam go HamaraBaHe Ha

okucAaumeAHua cmpec, Bb3cmanoBaBaHe Ha eHgo-

LFa 8 nokotl RFa 8 nokotl HeBpaaHama Backyaapuszauua u HepBHama npoBogu-

mocm (28).
. a-AunoeBa kuceauHa - .a—/\unoe6a KuceAuHa + B Hacmoawomo u3caegBane e oueHeH gbAazo-

cpouHuam edpekm Bbpxy aBmoHomHua MOHYC om

% cucmemHua (HenpekbCHam) nepopaAseH npuem Ha

Q0 600 m2 a-aunoeBa kuceauHa gHeBHo B npogbakeHue

73.7 Ha NOHe 5 20gUHU, CAeg KOemo ca uzmepeHu Bpeme-

75 ’ Bume u yecmomHuMe noka3ameAu Ha CbPgeUHO-Cb-

goBama aBmoHomHa oyHKuUA Npu AuUa cbe 3A mun

60 2 ¢ pazauuHa gaBHocm Ha 3ab6oaaBaHemo u gokaza-

Ha guabemua nepudgpepHa noauHeBponamua. Ycma-

HoBu ce no-HUCKa Yecmoma Ha nomucHam cumnamu-

kKoB u napacumnamukoB moHyc 6 nokod npu opmo-

25,5 cmamuydHama npoba, kakmo u noBuweHa napacum-

21,1 namukoBa akmuBHocm B8 xoga Ha mecma gbAOOKO

guwaxe u cumnamukoBa akmuBHocm 8 xoga Ha me-

cma BaacaaBa npu auuama npoBexkgaau cucmemto
AedeHue C o-aunoeBa kuceauHa.

LFa OpmocmamusHa RFa Opmocmamuua Yecmomama Ha uzaBeHama cbpgeuHo-cbgoBa

npo6a npo6a aBmoHoMHa gucyHKuua, Ha CYBKAUHUYHUA U KAU-

HUYHO u3aBeH opmocmamu3bm € No-HUCka Npu Au-

. a-lipoic acid - . o-lipoic acid + uama, npoBexgaAu AeveHue C o-AunoeBa KuceAuHa.

45
20
10

0
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PymsHa b. AumoBa u cempygHuyu

%

50 RFa gbn6oko guwaHe

40 ’
30 28,3
: l
10
0

. o-AunoeBa kuceauHa - . o-aunoeBa kuceauHa +

%
90 LFa npo6a
75 BancaBa

oc—/\unoe6a
KUCeAuHa —

OmuemeHume egekmu gokazBam gba2ocpoyHume
noa3u Bbpxy aBmoHOMHUA MOHYC OM NPUAOXKEHUE-
mo Ha megukameHma. MpegBug cueHuguUKaHMHO No-
Bucokama Bb3pacm, no-zoramama gaBHocm Ha 3a-
xapHua guabem u no-Bucokua UuHgeKC Ha meaecHa
maca npu Auuama npuAazaAu AedeHuemo, Npu Aunca
Ha 3Ha4YUMa pazAuka N0 OMHOWEHUE Ha 2AUKEMUYHUSA
KOHMPOA MeXgy 2pynume, gokaagBaHama edek-
muBHocm ce oka3zBa He3zaBucuma om 2openocoyeHu-
me gokazaHu puckoBu chakmopu.

HezaBucumo om 2o0aemun 6pol npoBegeHu npo-
yuBaHua camo Hakou om max oueHaBam cbpgeuHo-
cbgoBama aBmoHomHa pyHkuua. B nogkpena Ha Ha-
wume gaHHu e npoyuBanemo DEKAN. Bwvnpeku
KPamKOCPOYHOMO NPUAOXKEHUE Ha MegukameHma,
npu cnekmpaaeH aHaau3 Ha Bapuabuaumema Ha Cbp-
geyHama vyecmoma ce ycmaHoBaBa noBuwabaHe Ha
obwama aBmoromHa akmuBHocm B Huckoyecmom-
HUA guana3oH B pe3yamam Oom NPUAOXKEHUEMO Ha
800 m2 araunoeBama kuceauHa gHeBHO 3a nepuog
om 4 meceua (16).

oc—AunoeBa
KUCeAuHa +

60
45
30
15

0

B Bbacapcka Koxopma Cbwo e omuemeH 6Aaz2o-
npuamMHUAM epeKkm om 2-MeCevHO NPUAOXKEHUE Ha
o-AunoeBa kuceauHa Bbpxy cvpgeuHo-cbgoBama ab-
moHomHa ¢yHkuua (17-20). CaegoBameaHo kamo
eguHcmBer epekmuBer u 6ezonaceH namodu3zuo-
Ao2uYeH azeHm o-aunoeBama kuceauHa caegBa ga
6bge cpegcmBo Ha u360p Npu AeveHUEemMo, Kakmo Ha
guabemuama nepudgepHa noauHeBponamus, maka u
Ha cbpgedHo-cbgoBama aBmoHomHa gucyHKuuA.

3akAaloueHue

Pesyamamume om Hacmoawomo npoyuBaHe
nomBubpkgaBam HampynaHume go momeHma 6 Au-
mepamypama gaHHu 3a 6aazonpuameH egpekm Ha o
aunoeBa kuceauHa Bbpxy cbpgeuHo-cbgoBama ab-
MOHOMHa (PYHKUUA NPU AUUA CbC 3axapeH guabem
mun 2. MNoguepmaBa ce HelHama poaa 6 gbacocpo-
yeH naaH, HezaBucumo om Bv3pacmma, gaBHocmma
Ha 3a6oaaBaHemo u Haauduemo Ha 3amabcmaBaHe.
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Aim: The aim of the present study was to evaluate the therapeutic effect of a-lipoic acid on cardio-vascular
autonomic function in type 2 diabetes.

Material and methods: A total of 94 subjects - 48 females and 46 males with type 2 diabetes, of mean age
49,4%14,1 years, mean BMI 27,5+7,6 kg/m?, were included in a cross-sectional study. The participants were divid-
ed into two groups according to the treatment with o-lipoic acid. Anthropometric indices - height and weight were
measured, and BMI was calculated. HbA1c was assessed in all participants (Roche Diagnostics). Autonomic func-
tion was evaluated by ANS-3,0 method, applying standard autonomic tests - deep breathing, Valsalva maneuver
and standing from a seated position.

Results: Lower prevalence of overt cardio-vascular autonomic dysfunction was found in subjects treated with
orlipoic acid - 43% in comparison to 63%, and the same trend was observed for clinical and subclinical orthosta-
tism. The percentage of pathological clinical tests and the number of abnormal autonomic tests in a person was
lower in the o-lipoic acid treated group. The frequence-domain parameters demonstrated decreased sympathetic
and parasympathetic tone at rest and during clinical tests in subjects not treated with o-lipoic acid.

Conclusions: The results of the present study have confirmed the long-term beneficial effect of o-lipoic
acid on cardio-vascular autonomic function in subjects with type 2 diabetes, independently of age, diabetes
duration and obesity.

Key words: cardio-vascular autonomic function, o-lipoic acid, type 2 diabetes

dysfunction has significantly reduced life expectancy

Introduction

Cardio-vascular autonomic dysfunction is one of
the most important and most studied forms of diabet-
ic autonomic neuropathy, since a number of large
studies - UKPDS (1), ADVANCED (2), VADT (3),
ACCORD (4) u DIAD (5) have defined it as an inde-
pendent risk factor for mortality in the subjects with
diabetes. The presence of cardio-vascular autonomic

and increased the number of medications taken and
hospitalizations (6).

It has been suggested that as the only pathophys-
iological agent o-lipoic acid is the most powerful treat-
ment of diabetic neuropathy (7). A number of random-
ized, double-blind, place-bo controlled clinical trials
have reported the beneficial neuroprotective effect of
o-lipoic acid on somatic nerve fibers, resulting in neuro-
regeneration (8-14). A meta-analysis has confirmed the
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beneficial effect of o-lipoic acid regarding neuropathic
symptoms and the neurological deficit in subjects with
diabetes and symptomatic neuropathy (15). The
DEKAN study has evaluated the efficacy and safety of
the oral administration of olipoic acid on cardio-vascu-
lar autonomic neuropathy in type 2 diabetes. The
spectral analysis of autonomic indices has found an
increased total autonomic activity in the low frequen-
cy diapason which implied the beneficial effect of o-
lipoic acid on cardio-vascular autonomic tone (16).
Tankova et al. have also reported improvement not
only in sensory, but also in cardio-vascular autonomic
nerve function following treatment with o-lipoic acid
(17-20). A common weakness in the design of avail-
able studies is their short follow-up varying from 3
weeks (8) to 2 years (10), which provides no evidence
for the long-term benefits of this therapy.

The aim of the present study was to evaluate the
therapeutic effect of a 600 mg oral daily dosage of o-
lipoic acid on cardio-vascular autonomic tone, used for
at least a five-year period of time in subjects with type
2 diabetes with different disease duration and diag-
nosed diabetic peripheral polyneuropathy.

Material

A total of 94 subjects - 48 females u 46 males with
type 2 diabetes, of mean age 49,4£14,1 years, mean
BMI 27,5£7,6 kg/m?, divided into two groups accord-
ing to the treatment with olipoic acid, were involved
in this cross-sectional study. The treatment with o-
lipoic acid was defined as a 600 mg oral daily dosage
of the medication for at least a five-year period of time,
prescribed for clinically overt diabetic somatic
polyneuropathy. The main characteristics of the
groups are presented in Table 1.

The participants were recruited at the Department
of Diabetology, Clinical Centre of Endocrinology,
Medical University, Sofia during their hospital stay.

Subjects with type 1 diabetes or other forms of
diabetes, arrhythmias or taking anti-arrhythmic drug
therapy, pacemaker, experienced vascular event -
myocardial infarction or stroke, and hypothyroidism
were not included in the study.

All subjects declared their written informed con-
sent and were familiar with the aims, methods and
risks of participating in the study in accordance with
the Helsinki Declaration and rules of Good Clinical
Practice, as the study was approved by the Ethics
Committee of the Medical University, Sofia.

Methods

All participants were interviewed for diabetes dura-
tion, other forms of diabetes, arrhythmias or taking

anti-arrhythmic drug therapy, pacemaker, ischemic
heart disease and experienced vascular event, and
hypothyroidism.

Anthropometric parameters were measured -
height, weight, and BMI was calculated. HbA,. (NGSP
certified) was assessed in all participants (Roche
Diagnostics).

ANS-3,0 method (ANSAR Medical Technologies,
Inc., Philadelphia, PA) was applied for evaluation of
autonomic function. This is a monitoring system for
non-invasive, simultaneous and independent analysis
of sympathetic and parasympathetic activity, using
standard autonomic tests - deep breathing, Valsalva
maneuver and standing from a seated position. The
ANS-3,0 method calculates autonomic activity through
a concomitant spectral analysis of heart rate variability
and respiratory activity (21, 22) in the low-frequency
area of the spectrum, fixed between 0,04-0,15 Hz (22).

Results

A lower prevalence of confirmed cardio-vascular
autonomic dysfunction was established in subjects
treated with o-lipoic acid - 43% in comparison to
63%, and the same trend was observed for clinical and
subclinical postural hypotension. (Figure 1). A lower
percentage of pathological clinical tests and a lower
number of abnormal tests per patient treated with o-
lipoic acid was also observed. (Figure 2).

The frequency-domain parameters analysis demon-
strated declined sympathetic and para-sympathetic
tone at rest and during clinical tests in subjects not hav-
ing been treated with o-lipoic acid (Figure 3).

Discussion

Oxidative stress, affecting neuronal blood flow with
subsequent hypoxia and nerve fiber dysfunction, is a
confirmed underlying pathogenic mechanism for the
development of diabetic neuropathy (23). orlipoic acid
is a universal antioxidant with simultaneous direct - a
free radical scavenger, and indirect - restoration of
other endogenous antioxidants (glutation, vitamin A
and E), antioxidant effects (24-27). It also prevents lipid
peroxidation through activating enzymes such as cata-
lase and superoxide dismutase in the peripheral nerve
fibers. These effects lead to oxidative stress reduction,
endoneural re-vascularization and nerve conduction
recovery (28).

This study has evaluated the long-term effective-
ness on autonomic tone of an oral daily dosage of 600
mg o-lipoic acid, taken for at least a five-year period of
time. The time-domain and frequency-domain parame-
ters of cardio-vascular autonomic function have been
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Table 1.

Main characteristics (number, sex, age, body mass index (BMI), HbA;. and diabetes duration) according to the treatment
with o-lipoic acid - treated (orlipoic acid +) and treatment-naive (o-lipoic acid -).

o-lipoic acid - o -lipoic acid + p
number 53 41
sex (male/female) 28/25 18/23
age (years) 51,8£12,8 42,6%15,6 0,029
BMI (kg/m?) 28,7+8,1 24,0+4,8 0,019
HbA, . (%) 8,542,0 9,542,0 0,055
diabetes duration (years) 10,5£7,8 9,4+6,1 0,003
Data are means % standard deviation

Figure.’l. Prevalence of postural hypotension (%) in the groups according to the treatment with
o-lipoic acid - treated (o-lipoic acid +) and treatment-naive (orlipoic acid -).

%
10
o 7,7
4
2 1,9
0 | 0
clinical postural hypotension subclinical postural hypotension
. o-lipoic acid - . a-lipoic acid +
Percentage of pathological autonomic tests and the number of pathological tests in a subject in the groups
according to the treatment with o-lipoic acid - treated (orlipoic acid +) and treatment-naive (o-lipoic acid -).
%
80 73,7
60 52,6 52,8
~. 45,3 d 47,4 44,2
40
20
0

deep breathing Valsalva maneuver standing
. o-lipoic acid - . o-lipoic acid +
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Abnormal sympathetic (LFa) and parasympathetic (RFa) activity at rest,
RFa during deep breathing, LFa during Valsalva, and LFa and RFa dur-
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treatment with o-lipoic acid - treated (orlipoic acid +) and treatment-
naive (orlipoic acid -).
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analyzed in subjects with type 2 diabetes with
different duration and established diabetic
peripheral neuropathy. A lower prevalence of
decreased sympathetic and parasympathetic
tone at rest and during standing, as well as
diminished parasympathetic activity during
deep breathing and sympathetic activity during
Valsalva have been observed in subjects treated
with arlipoic acid. The prevalence of overt car-
dio-vascular autonomic dysfunction, subclinical
and clinical postural hypotension has been
found to be lower in subjects treated with the
medication. The reported effects reaffirmed the
long-term benefits of o-lipoic acid on the auto-
nomic nervous system. Considering the signifi-
cantly higher age, longer diabetes duration and
higher body mass index in the treated group,
and the lack of statistically significant difference
in glycemic control between the two groups,
the reported efficacy is likely to be independent
of the above risk factors. Despite the great deal
of studies conducted, only a limited number
have assessed cardio-vascular autonomic func-
tion. Our data are in accordance with the results
report-ed in the DEKAN study. Despite the
short-term usage of the drug, the spectral analy-
sis of heart rate variability has revealed
increased total autonomic activity in the low-fre-
quency area as a result of an 800 mg oral daily
dosage of o-lipoic acid after a four-month treat-
ment (16). The beneficial effect of a two-month
treatment with olipoic acid on cardio-vascular
auto-nomic function has also been demonstrat-
ed in a Bulgarian cohort (17-20). Therefore, as
the only effective and safe pathophysiological
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agent, o-lipoic acid appears to be recommend-
ed as a first-line therapy in the treatment of not
only diabetic somatic polyneuropathy, but of
cardio-vascular autonomic dysfunction as well.

Conclusion

The results of the present study confirm
the available data in literature for the benefi-
cial effect of o-lipoic acid on cardio-vascular
autonomic function in subjects with type 2 dia-
betes. Its positive long-term effect has been
demonstrated independently of age, diabetes
duration and presence of obesity.

. a-lipoic acid +

. o-lipoic acid +

References

1. UK Prospective Diabetes Study (UKPDS) Group. Intensive
blood-glucose control with sulphonylureas or insulin compared with
conventional treatment and risk of complications in patients with
type 2 diabetes (UKPDS 33). Lancet 1998; 352 (9131): 837-853.

2. ADVANCE Collaborative Group, Patel A, MacMahon S,
Chalmers J, Neal B, Billot L, Woodward M, et al. Intensive blood
glucose control and vascular outcomes in patients with type 2 dia-
betes. N Engl | Med 2008; 358 (24): 2560-2572.

3. Duckworth W, Abraira C, Moritz T, Reda D, Emanuele N,
Reaven PD, et al; VADT Investigators. Glucose control and vascular
complications in veterans with type 2 diabetes. N Engl ] Med 2009;
360(2): 129-139.

4. Action to Control Cardiovascular Risk in Diabetes Study
Group, Gerstein HC, Miller ME, Byington RP, Goff DC Jr, Bigger
JT, Buse JB, et al. Effects of intensive glucose lowering in type 2 dia-
betes. N Engl | Med 2008; 358 (24): 2545-2559.

5. Young LH, Wackers FJT, Chyun DA, Davey JA, Barrett EJ,
Taillefer R, et al. DIAD Investigators. Cardiac outcomes after screen-

ing for asymptomatic coronary artery disease in patients with type 2
diabetes: the DIAD study: a randomized controlled trial. JAMA 2009;
301: 1547-1555.

6. Low PA, Engstrom JW. Disorders of the autonomic nervous
system. In: Harrison's principles of internal medicine. 16t ed. New
York: McGraw-Hill; 2003.

7. Kempler P. Autonomic neuropathy: a marker of cardiovas-
cular risk. The British Journal of Diabetes & Vascular Disease 2003; 3:
84-90.

8. Ziegler D, Hanefeld M, Ruhnau K], Meissner HP, Lobisch
M, Schiitte K, Gries FA. Treatment of symptomatic diabetic periph-
eral neuropathy with the anti-oxidant alpha-lipoic acid. A 3-week
multicentre randomized controlled trial (ALADIN Study).
Diabetologia 1995; 38(12): 1425-1433.

9. Ruhnau KJ, Meissner HP, Finn JR, Reljanovic M, Lobisch
M, Schiitte K, et al. Effects of 3-week oral treatment with the antiox-
idant thioctic acid (alpha-lipoic acid) in symptomatic diabetic
polyneuropathy. Diabet Med 1999; 16(12): 1040-1043.

KHueonuc

Endocrinologia vol. XXI Ne2 /2016




References

KHu2onuc

10. Reljanovic M, Reichel G, Rett K, Lobisch M, Schuette K,
Miller W, et al. Treatment of diabetic polyneuropathy with the
antioxidant thioctic acid (alpha-lipoic acid): a two year multicenter
randomized double-blind placebo-controlled trial (ALADIN II). Alpha
Lipoic Acid in Diabetic Neuropathy. Free Radic Res 1999; 31(3):
171-179.

11. Ziegler D, Hanefeld M, Ruhnau K], Hasche H, Lobisch
M, Schiitte K, et al. Treatment of symptomatic diabetic polyneu-
ropathy with the antioxidant alpha-lipoic acid: a 7-month multicenter
randomized controlled trial (ALADIN 11l Study). ALADIN Il Study
Group. Alpha-Lipoic Acid in Diabetic Neuropathy. Diabetes Care
1999; 22(8): 1296-1301.

12. Ametov AS, Barinov A, Dyck PJ, Hermann R, Kozlova N,
Litchy WJ, et al; SYDNEY Trial Study Group. The sensory symptoms
of diabetic polyneuropathy are improved with alpha-lipoic acid: the
SYDNEY trial. Diabetes Care 2003; 26(3): 770-776.

13. Ziegler D, Ametov A, Barinov A, Dyck P), Gurieva I, Low
PA, et al. Oral treatment with alpha-ipoic acid improves sympto-
matic diabetic polyneuropathy: the SYDNEY 2 trial. Diabetes Care
2006; 29(11): 2365-2370.

14. Garcia-Alcala H, Santos Vichido CI, Islas Macedo S,
Genestier-Tamborero CN, Minutti-Palacios M, Hirales Tamez O,
Garcia C, Ziegler D. Treatment with o-Lipoic Acid over 16 Weeks
in Type 2 Diabetic Patients with Symptomatic Polyneuropathy Who
Responded to Initial 4-Week High-Dose Loading. | Diabetes Res
2015:189857. doi: 10.1155/2015/189857.

15. Ziegler D, Nowak H, Kempler P, Vargha P, Low PA.
Treatment of symptomatic diabetic polyneuropathy with the antiox-
idant alpha-lipoic acid: a meta-analysis. Diabet Med 2004; 21(2):
114-121.

16. Ziegler D, Schatz H, Conrad F, Gries FA, Ulrich H, Reichel
G. Effects of treatment with the antioxidant alpha-lipoic acid on car-
diac autonomic neuropathy in NIDDM patients. A 4-month random-
ized controlled multicenter trial (DEKAN Study). Deutsche Kardiale
Autonome Neuropathie. Diabetes Care 1997; 20(3): 369-373.

17. Tankova Ts, Koev D, Dakovska L, Savova R, Litvinenko I,
Angelova B, Koprivarova K, Angelova P. Treatment of severe dia-
betic neuropathy with alpha-lipoic acid. En-dokrinologia 1998; 4: 46-
54. (TankoBa LB, KoeB A, AakoBcka A, CaBoBa P, AumBuHenko U,
AnzeroBa b, KonpuBapoBa K, AnzeroBa I'. AeueHue Ha mexka gu-
abemna HeBponamua ¢ a-aunoeBa kuceauHa. EHgokpuHoAo2UA
1998; 4: 46-54) (In Bulgarian).

18. Tankova Ts, Koev D, Dakovska L, Litvinenko I, Angelova
B, Savova R, Koprivarova K. Treatment of severe peripheral and

autonomic diabetic neuropathy with alpha-lipoic acid (controlled,
randomized open study). Endokrinologia 1999; 4: 32-39. (TaHkoBa
116, KoeB A, AakoBcka A, AumBunerko W, AHeenoBa b, CaBoBa P,
KonpuBapoBa K. AeueHue Ha medxxka nepucpepHa u aBmoromHa
guabemHa HeBponamua ¢ o-aunoeBa kuceauHa (KOHMPOAUpPaAHO,
paHgomu3upaHo omBopero npoyuBane). EHgokpuHorozua 1999;
4: 32-39) (In Bulgarian).

19. Tankova T, Koev D, Dakovska L. o-lipoic acid in the treat-
ment of severe diabetic neu-ropathy (controlled, randomizeda open-
labelled trial). Jurnalul Roman de Diabet Nu-tritie si Boli Metabolice
2000; 8:17-21.

20. Tankova T, Koev D, Dakovska L. Kyselina o-lipoova v
liecbe bolestivej diabetikej neuropatie (kontrolovang randomizo-
vang, otvorend Studia). Diabetes a obezita 2003; 3: 44-54.

21. Arora, RR., E. Aysin, B. Aysin et al. Therapeutic implica-
tions of sympathetic stimulus in orthostatic patients: measured by
spectral domain analysis. AHA Scientific Sessions, 2007, Orlando,
FL.

22. Task Force of the European Society of Cardiology and
the North American Society of Pacing and Electrophysiology.
Heart rate variability, standards of measurement, phys-iological inter-
pretation, and clinical use. Circulation 1996; 93: 1043-1065.

23. Van Dam PS, Van Asbeck BS, Erkelens DW, Marx JJ,
Gispen WH, Bravenboer B. The role of oxidative stress in neuropa-
thy and other diabetic complications. Diabetes Metab Rev 1995; 11:
181-12.

24. Hermann R, Gleiter CH, NiebchG, Ruus P, Wildgrube
HJ, Nowak H. Liponsaure (Thioctsaure) - aktueller stand zur enen-
tioselektiven pharmakokinetik beigesunden und diabetikern. Diabet
Stoffwechsel 1996; 5:5-11.

25. Merz PG, Rietbrock S, Schrodter A et al. Orales-lipon-
saurepraparat erweist gute bioverfugbarkeit. Therapie Woche 1995;
23:1367-1370.

26. Packer L, Witt E, Tritschler H. Alpha-lipoic acid as a bio-
logical antioxidant. Free Radic Biol Med 1995; 2: 227-250.

27. Peter G, Borbe HO. Untersuchungen zur absorption und
verteilung der thiocsaure als grundlage der klinischen wirksamkeit
bei der behandlung der diabetischen polyneuropathie. Diabet
Stoffwechsel 1996; 5: 12-16.

28. Nagamatsu M, Nickander KK, Schmelzer JD, Raya A,
Wittrock DA, Tritschler H, Low PA. Lipoic acid improves nerve
blood flow, reduces oxidative stress, and improves distal nerve con-
duction in experimental diabetic neuropathy. Diabetes Care 1995;
18(8): 1160-1167.

92

EHgokpuHonoeus mom XXI Ne 2/ 2016



OpuzuHarHa cmamus

NHgexcu Ha uncyauHoba uybecmBumeanocm/
pPe3uCmMEHMHOCM NpuU XeHu ¢ MEMadoAUmMeH

CUHJpPOM U NOAUKUCMO3€H 06apuaAeH CUHJpPOM

KoaeBa, AaHueaa U., Op6euoBa, Mapua M., HazonroB8a, lNMpecuana B.,
Mumko68, Mumko A.

KauHuka no EHgokpuHoAo2ua u 6orecmu Ha obmaHama,

YMBAA ,CB. Teopau”, MeguuuHcku YHuBepcumem, MroBqguB

Agpec 3a KopecnoHgeHyuA:

A-p AaHuena KoaeBa

KauHuka no EHgokpuHoao2ua u 6oaecmu Ha obmaHama,

YMBAA ,,C8. Teopau”, MroBguB, MeguuuHcku YHuBepcumem, MaoBguB
[MAroBguB 4000, 6ya. Bacua AnpunroB 15A

e-mail: nelka_medicine@abv.bg

Pesiome

Bce noBeue gokazameacmBa ce HampynBam OmMHOCHO HaAUYUEMO Ha XPOHUYHO HUCKOCMeNneHHo Bb3-
naaeHue, nocregBaHo om Npouec Ha amepozeHe3a NPU CbCMoOAHUA Ha uHcyauHoBa pesucmenmuocm (MP) -
3axapeH guabem mun 2 (3A 2), memaboaumen cuHgpom (MC), noaukucmoszen oBapuaseH curgpom (PCOS).

Memogume 3a oueHka Ha uHcyauHoBama yyBecmBumeaHocm ca 0b6ekm Ha 3acuAeH HayueH U KAUHUYEH
uHMEpeC NOHaACMOoAWEM C 02Aeg CKpUHUHZ Ha nauueHmume ¢ VIP u npeBeHuyua Ha cBbp3zaHume ¢ Hea mema-
HOAUMHU YCAOXKHEHUA.

Llea na npoy4BaHemo: ga ce ycmanoBu Kol om u34yucAeHUmMe UHgEKCU — XOMeoCmaseH MOgeA Ha UHCY-
AuHoBa pesucmenmuocm (HOMAMR), QUICKI-uHgekc uau uHgekc Ha Matsuda e Hal-noka3ameaeH 3a oueHka
Ha VP npu >xeHu ¢ MC u »xeHu ¢ PCOS.

Mamepuaau u memogu: B npoyuBanemo yuacmBaxa 74 >keHu ¢ ycmanoBen MC, Ha Bb3pacm 16-52 2.
(cp. ITM 36,2+7,4 k2/m?) u 76 xxeHu ¢ PCOS, Ha Bb3pacm 16-35 2. (cp. TM 26,145,7 k2/m?). Tpu Bcuuku xe-
Hu ce u3Bbpwu opareH 2a0Kk030-moaepaHceH mecm (OITT), kamo BeHo3zHUMe Npobu 3a uzcaregBaHe Ha KpbB-
Ha 3axap (K3) u uncyaun (MHC) ce B3emaxa Ha 0-8a, 60-ma u 120-ma muHyma caeg nepopasHua npuem Ha 75
2 2aoko3a. M3uucauxa ce caegHume uHgekcu: HOMAJIR = (K30' x WMHCO0')/22,5), QUICKI-uHgekc =
1/{log(MHCO") + log(K30")} u uHgekc Ha Matsuda = {10000/ 1/ K30' x MIHCO' x cp. K3 x cp.MHC }. Cmamucmu-
yeckuam aHaau3z 3a onpegeaaHe Ha yyBcmBumeaHocmma u cneyupuyHocmma Ha Bceku uHgekc ce uzBvpuiu
¢ nomowma Ha ROC (receiver operating characteristic) kpuBu. C uea ycmaHoBaBaHe Ha npegeaHume (cut-off)
cmoUlHOCMU Ha uHgekca Ha Matsuda npu gBeme 2pynu »eHu, uznoazBaxme omHoBo uHMepnpemupaHemo Ha
ROC kpuBume. M3noa3Baxa ce caegHume Kpumepuu 3a Haaudue Ha VIP: MIHCO™>12 plU/ml u/uau cmotHoc-
mu Ha MIHC no Bpeme Ha OI'TT>100 wlU/ml u/uau K3 0'/MHC 0'<0,333.

Pezyamamu: OnpegeaaHemo Ha yyBcmBumeaHocmma u cneyugpudHocmma vpes3 aHaau3za Ha ROC kpu-
Bume goka3za, ue uHgekcbm Ha Matsuda npumexaBa Hau-Bucoka uyBcmBumeaHocm u cneyuguyHOCM Kak-
mo npu xxeHume ¢ MC, maka u npu me3u ¢ PCOS. YcmaroBuxa ce npegeAHu cmoUHOCMU Ha UHgeKca Ha
Matsuda 3a gokazBane Ha VP npu xxeHume ¢ MC paBxu Ha 5,63 u cbomBemno - 5,60 npu »kenume ¢ PCOS.

3akarouerue: ViHgekcbm Ha Matsuda ce okaza no-moueH memog 3a onpegeaare Ha VIP npu xxeHu ¢ MC
u PCOS 68 cpaBrerue ¢ uzuucaeHume HOMAIR u QUICKI.

KaoyoBu gymu: uncyaunoBa pesucmenmuocm, memaboaumeH cuHgpom, noAukucmo3eH oBapuaseH
CUHgPOM, UHgeKC Ha Matsuda
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AaHuena U. KoaeBa u compygHuyu

BbBegeHue

Hapywenama uyyBcmBumeaHocm kbm geldcm-
Buemo Ha UHCYAUHA UAU M.HAp. uHcyauHoBa pe3uc-
menmHocm (MP) ce HabatogaBa npu peguua 2ee-
MUYHU U Npugobumu cbcmosaHua, BkatouBawu 3a-
mAbcmaBaHe, 3axapeH guabem mun 2, noOAUKUCMO-
3eH oBapuaneH cuHgpom (PCOS) u memaboaumen
cuHgpom (MC) (1).

OnucaHu ca peguua Memogu 3a onpegeAaHe Ha
MP. XunepuHcyauHemuyHama ey2AuKemuvHa KAaamn-
mexHuka (HEC) npegcmaBaaBa cmangapmeH memog
3a oueHka Ha uHcyauHoBama uyBcmBumeaHocm
(1Y), kamo ma yecmo 6uBa kKombuHupaHa ¢ xunep-
2AUKeMUYHAMA KAamn-mexHuka, koamo om cBosa
cmpaHa onpegeaa agekBamHama KomneHcamopHa
6ema-kraembyHa xunepceHzumuBrocm. HEC ce 6b3-
npuema kamo nbpBu memog Ha u3zbop npu onpege-
AaHe Ha MY u uHcyauHoBama cekpeuus npu u3cAaeg-
BaHume nauueHmu, HO ce cuuma 3a npekaseHo uHBa-
3uBeH memog npu u3zBopwBaHe Ha cmaHgapmHU
enugemuoAo2uuHu npoyuBaHua. OparHuam 2AKO-
30-moaepaHceH mecm (OITT) ce okazBa no-nogxo-
gaw, memog 3a oueHka Ha VIP npu o6xBawate Ha no-
2oaemu nonyaauuu. MNpoBexxgaHemo Ha OITT e no-
mpygoemko B cpaBHeHue ¢ uzcaegBaHemo Ha u3xog-
Hume cmoUHocmu Ha K3 u MIHC, Ho nbk ce onpege-
A KaMO Npouegypa C MUHUMAAEH PUCK NPU U3NbAHE-
Hue, nogxogawa 3a MawabHO CKpUHUpaHe U 3a MHO-
2o0kpamHo noBmapawu ce u3zcaegBaHua npu omgea-
HU uHguBugu (2).

Npegu noBeue om 20 20guHU peguua U3cAego-
Bameau onucBam mamemamuyecku MOgeA Ha HOp-
maaHama (puzuorozuvHa) guHamuka 8 HuBama Ha K3
u MHC, m.Hap. xomeocmaseH mogeA 3a OUeHKa Ha
uHcyauHoBama peszucmermuocm (HOMAIR), kou-
mo ce u3uucanBa upe3 cbomHoweHue, BrkatouBawo
uzmepeHume uzxogHu cmouHocmu Ha K3 u MIHC (3).
Om gpyea cmpaHa, QUICKl-uHgekcebm (quantitative
insulin sensitivity check index), npousauzaw, om aoza-
pummuYHama mpaHcgopmauua Ha npenpaHguasHu-
me cmouHocmu Ha MHC u K3, 3anouBa ga ce u3znoas-
Ba 3a koauvecmBeHa oueHka Ha MNY. Cuuma ce, ye
QUICKI-uHgekcbm kopeaupa Hal-gobpe € uHgekca
Ha MY, uzuucaeH npu kaamn-mexHukama (4).

Kaunuunume uzcaegoBameau ca 6 npouec Ha
HenpekbCHamO MbpCeHe Ha NO-ygobHU UHgeKCU 3a
oueHka Ha WY/VIP, xapakmepu3upawu ce C mou-
Hocm OAu3Ka go ma3u Ha nokazameaume om HEC.
OnucaHu ca peguua UHgeKCU, npou3Au3awu om
cmouHocmume Ha K3 u MIHC no Bpeme Ha OITT, ko-
umo oueHaBam MY kakmo Ha HuUBo uepeH gpob, ma-
Ka u Ha HUBo nepudepHu Myckyau (ueromenecHa).
Matsuda u DeFronzo pa3zBuBam HoB uHgekc 3a
oueHka Ha MY - uHgekc Ha Matsuda.

Cuuma ce, ye uHgekcbm Ha Matsuda gaBa

gocmoBepHa npegcmaBa 3a kombuHupaHama (uep-
HOgpoOHa u nepugepHo-myckyaHa) Y (5).

Llea Ha Hawemo npoyuBaHemo Hewe ga ce yc-
manoBu Kol om u3vucAeHUMe UHgeKCU - Xomeocma-
3eH MogeAa Ha uHcyauHoBa pezucmeHmuHocm
(HOMAIR), QUICKI-uHgekc uAu uHgekc Ha Matsuda
e Hau-noka3ameaeH 3a oueHka Ha VP npu >xeHu ¢ MC
u >xeHu ¢ PCOS.

Mamepuaa u memogu

Hacmosawomo npoyuBate ce npoBege 8 KauHu-
Ka no EHgokpuHoaozua u boaecmu Ha obmaHama npu
YMBAA ,,CB. Teopau” - MNroBguB. B Heao B3exa yuac-
mue 74 »eHu ¢ ycmaHoBen MC, Ha Bb3pacm 16-52
2. (cp. UTM  36,2+7,4 k2/m?) u 76 xeHu ¢ PCOS Ha
Bb3pacm 16-35 2. (cp. ITM 26,1+5,7 ke2/m?). Caeg 12-
yacoBo HowHO 2ragyBaHe npu Bcuuku XXeHu ce u3-
Bbpwu cmarHgapmen OITT (cbc 75 2 2Al0KO3a).
KpbBHu npobu 3a onpegeaaHe Ha naazmeHa K3 u
MHC ce B83emaxa 0, 60 u 120 muHymu caeg nepopaa-
Hua npuem Ha 2aloko3ama. [Npu Bcuuku yuacmHuuku
68 npoyuBanmo ce uzuucauxa: HOMAIR = K3
0'(mmon/A) x IHC 0'(ulu/ml)/22,5), QUICKI-uHgekc =
1/{log(MHC O'(ulU/ml)) + log (K3 0O'(mmol/l))} u uk-
gekc Ha Matsuda = {10000/~/ K30' (mg/dl) x MIHCO'

(uU/ml)) x cp. K3 (mmol/l) x cp.MHC (ulU/ml) 1.

C uea u3zducaaBaHe Ha uHgekca Ha Matsuda
Bcuuku cmotHocmu Ha K3 ce mpaHcopmupaxa om
mmol/I 8 mg/dl (1 mmol/I =18 mg/dl). 13noa3B8axa ce
cAegHUMeE Kpumepuu 3a HaAauvue Ha VP: MIHCO™>12
wlU/ml u/uau cmodnocmu Ha MHC no Bpeme Ha
OITT>100 plU/ml u/uau K3 0'/MIHC 0'<0,333. WNHcy-
AUHBM ce u3caegBawe upe3 KomepcuaaeH Kum 3a
KoAauvecmBeHo onpegeAaaHe Ha umyHopeakmuBeH
UHCYAUH Ha 6azama Ha MuKpoyacmuyeH UMYHOEH3U-
meH aHaau3 (MEIA) ¢ nomowma Ha AXSYM system
(ABBOTT, USA) cbCc caegHume xapakmepucmuku:
sensitivity, 8 0,8 mlU/ml; inter assay variation, CV% <
2,9; intra assay variation, CV% < 5,3. CepymHume Hu-
Ba Ha kpbBHama 3axap ce uzmepBaxa c nomowma Ha
cmaHgapmer GOD-POD memog. XopmoHaAHume
mecmoBe ce uzBbpwuxa ¢ KomepcuaAHu kumoBe
AXSYMTM System (Abbott Diagnostics, Abbott Park,
[, USA).

AuazHozama MC ce nocmaBawe cbaaacHO Kpu-
mepuume Ha MexxgyHapogHama Auabemua (Degepa-
uua (bepaun, 2005 2.), a UMEHHO - HaAuYue Ha 3agbA-
>KUMEeAEH KOMNOHEHM yeHmpaAHo 3amabcmabBaHe
(obukoaka Ha maaua >80 cm 3a >xkeHu om EBponeugHa-
ma paca) 6 cbuemaHue ¢ 2 om cregHUMeE HapyweHuA:

1. MoBuweHu mpuaauyepugu >1,7 mmol/l;

2. MoHuken HDL-C< 1,29 mmol/l 3a xxeHu uau
CneyugUUHO AeYeHUE;

3. NoBuweHo apmepuarHo HarszaHe 130/85 mm
Hg uAu AeuyeHue Ha guazHOCMUUUpPaHa XUNEPMOHUS;
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4. MNMoBuweHa nAazmeHa 2Al0KO3a Ha 2Aag-
HO 5.6 MMOA/A UAU guazHOCMuUUUpaH gua-
6em mun 2/HIT.

AuazHozama PCOS ce nocmaBawe cbe-
AacHo Pomepgamckume kpumepuu (Rotter
dam ESHRE/ASRM-Sponsored 2003), npu kou-
mo 2 om cAegHUMe Mpu Xapakmepucmuku
mpabBa ga ca Haauug:

1. Oaueo- u/uau aHoByaauus;

2. KAuUHUYHa u/uAu BuoXumuYHa Xunepas-
gpozeHus;

3. YcmanoBeHu Ha yampa3BykoBo uzc-
AegBaHe noAUKUCMO3HU AluHUUU (HaAuyue
Ha 12 OAUKYAU C guamembp 2-9 mm
u/uau obem >10 cm?).

IMpoBegoxa ce peguua XOPMOHAAHU U3-
caegBatun (20HAGOMPONHU XOPMOHU, ecm-
paguoa, aHgpozeHu, npoaakmuH, TCX, (DT4,
cepymeH Kopmu3oa 8 8 u. u 22 4.) c uea gu-
azHocmuuupaHe Ha MC u PCOS, kakmo u ¢
ueA uskatouBaHe Ha HaAudyHa gpyza eHgok-
puHHa namoaozus: cuHgpom Ha Cushing,
BHKX, npoaakmuHom, xunonumyumapu3bm,
XUNO-/XUnepmupeougu3bm, XUNO20HAGU3bM,
aHgpoeeHcekpemupawu MmMymopu, 3axapeH
guabem, 6pemeHHOCM.

Cmamucmuyeckuam aHaAu3 Ha pe3ya-
mamume ce u3zBbpwu ¢ nomowma Ha SPSS,
Bepcua 21,0, 3a Windows. MpoBege ce aHa-
Au3 ¢ nomowma Ha ROC (receiver operating
characteristic) kpuBu ¢ uea uzuucaaBare Ha
yyBcmBumeaHocmma u cneuududHOCMMa
Ha Bceku uHgekc Ha WP, MHgekcbm Ha VP ¢
Hal-gobpu napamempu Ha Baauguzauua npu-
mexaBawe ROC kpuBa, paznoroykeHa Hau-
6AU30 go 20pHUA AAB B2bA Ha guazpamama
(100% uyBcmBumearHocm u 100% cneuu-
puuHocm). CaegoBameaHo, KOAKOMO NO-6AU-
30 e paznoaoxkeHa egHa ROC kpuBa go 2op-
Hua AAB b2bAa, moakoBa no-2oAama e mou-
Hocmma Ha mecma. M3noa3Baxme memoga
Ha ROC kpuBume, 3a ga ycmanoBum npazo-
Bume cmolHocmu Ha uHgekca Ha Matsuda
npu >keHume ¢ MC u me3u ¢ PCOS. M36bpwiu
ce cpaBHumMeAeH aHaAu3 Ha KAUHUYHU U Mme-
maboAumHu nokazameau npu uzcaegBaHume
2pynu >eHu. Pezyamamume ca npegcmaBe-
HU Kamo cpegHa apummemuyHa £ cmaHgap-
mHo omkAoHeHue. 3a Bcuuku cpaBHeHua e u3-
6paro HUBo Ha 3Hauumocm P<0,05.

Pesyamamu

B Tabauua 1 ca npegcmaBeHu KAUHUYHU-
me (Bb3pacm u VITM) u memaboaumtu (K3 u
MHC 0, 60, 120, HOMAIR, QUICKI-uHgekc,
uHgekc Ha Matsuda) xapakmepucmuku Ha

uszcaegBanume 2pynu >keHu. OnpegeasHemo Ha uyBcmBu-
meAHOCMMa U cneyuduyHocmma upe3 aHaau3za Ha ROC
kpuBume gokaza, ye uHgekcbm Ha Matsuda npumeykaBa Had-
Bucoka uyBcmBumeaHocm u cneyuuUUHOCM KaKmMO Npu >Ke-
Hume ¢ MC, maka u npu me3u ¢ PCOS (QDua. 1 u Due. 2). Yc-
maHoBuxa ce npegeAHU CMOUHOCMU Ha UHgekca Ha Matsuda
3a gokazBane Ha VP npu >xeHume ¢ MC paBHu Ha 5,63 u Cb-
omBemHo - 5,60 npu >xeHume ¢ PCOS.

Tabauya 1. Kaunuunu u memaboAumHu nokazameau Ha uscaegBaHume
2pynu xeHu.

[Mapamempu I'pynu u3zcaregBanu xeHu
XKenu ¢ MC XKenu ¢ PCOS
n=74 n=76

Bb3pacm (2oguHu) 37,0£10,8 24,4£5,1 ** *
VTM (k2/m?) 36,2174 26,157 ***
K3 0' (mmol/l) 5,52+1,11 4,87+0,63 * * *
K3 60' (mmol/l) 8,55%2,31 7,0642,20 * * *
K3 120' (mmol/1) 6,82%1,87 5,93+1,53 * *
MHC 0' (ulU/ml) 11,4245,53 9,18+5,57 *
MHC 60' (ulU/ml) 85,60+57,39 | 79,22+68,72
VMIHC 120" (WlU/ml) 57,59+43,65 | 56,12+49,93
HOMAR 2,88+1,70 2,08+1,51* *
QUICKI 0,34+0,03 0,36+0,03 * * *
MATSUDA 5,58%3,70 8,3845,80 * * *

* — HaAuvue Ha cmamucmuYecku 3Havuma pasauka, P<0,05
* ¥ - HaAu4yue Ha cmamucmuyecku 3Havuma pasauka, P<0,01
* %% _ HaAudue Ha cmamucmuYyecku 3Haduma pasAuka,
P<0,001

ObcvkgaHe

YcmaHoBeHo e, ve VP, ocHoBHa xapakmepucmuka Ha
MC, npegcmaBanBa ocHoBeH puckoB dpakmop 6 emuoroaus-
ma Ha 3axapeH guabem mun 2, XunepmoHus, gucaunugemus,
amepockaepomuyHa BackyaapHa 6oaecm u KopoHapHa 60-
Aecm Ha cbpuemo. ToBa nokazBa BaxkHocmma ga ce mbpcu
u omkpuBa MNP owge npegu uzaBama Ha camomo 3aboaaBane,
Kozamo mepaneBmuuHama Hameca 6u 6uaa no-ycnewHa 6
cpaBHeHue ¢ npuroxkeHama npu Beve maHugpecmHo 3a60Aa-
Bane (6,7).

PCOS ce xapakmepu3upa KAUHUYHO ¢ aHoByaauun u xu-
nepaHgpozeHu3bm. NMoHacmoawem PCOS npegcmabanBa eg-
Ha om HalU-guckymupaHume u wupoko obcaegBaru ob6aacmu
8 penpogykmuBHama meguuuHa, mbl Kamo CUHgPOMbM
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Tabauya 2. Xapakmepucmuku Ha uHgekcume 3a 4Y/VIP - HOMAR, QUICKI u Matsuda
Memog u popmyaa Hopmaanu Mpegumcm6a Hegocmamusuu
cmouHocmu
HOMA-IR <25 AeceH 3a Heobxogumo gonbAHUMEAHO
(K30' x MHCO0')/22,5 uzuucanBane, BaaugupaHe Ha
MUHUMAAHO cmouHoCcmume npu
uHBazuben oueHka Ha MY npu nauuenmu,

AekyBaHu ¢ UHCYAUH

QUICKI-uHgekc

Hlog (MHCO' + log (K30')}

>0,382+0,007 -
npu navueHmu

6e3 3amabcmabBaHe
>0,331+0,010 -
Nnpu nauueHMu cbe
3amabcmaBaHe
>0,304+0,007 - npu
nauueHmu cbcC 3A

ToueH uHgekc 3a
MY, muHuUMaAHO
uHBazuBen

YcmanoBaBare Ha
pedepeHmHu cmodHocmu
3a Bcaka aabopamopus
nopagu Bapuauuu
cnpamo kumoBeme Ha
u3caegBaHe Ha UHCYAUHA

VHgekc Ha Matsuda:

{10000/ 1/K30' x MIHCO' x

cp. K3 x cp. IHC }

> 4,3

INpegcmaBa kakmo
yepHogpobHama,
maka u
nepugepHama
yyBcmBumeaHocm
Kom MHC

MHo20 Hucka
Kopeaauuna ¢ 1Y
npu nauueHmMu cbe 3A

3acaea go 10% om >xeHume 6 penpogykmuBHa 6v3-
pacm. OcHoBHume Bbnpocu, HacoueHU OM nauueH-
mkume ¢ PCOS kbmM cheuuaaucmume akywep-2uHe-
KOAO3U, ca cBbp3aHu C AedeHUEMO Ha hocaeguuume
om XunepaHgpoz2eHU3mMa UAU XXKeAaHUemo 3a KoHuen-
uua. [Npe3 nocaegHumMe 20guHU UHMeEpec npugobu-
Bam u npugpyxkaBawume memaboAumHu Hapywe-
HUA, KOUMO Mo2am ga goBegam go cepuo3HU NOCAe-
guuu Bopxy 3gpaBemo (8). NMoBeuemo >keHu-HOCU-
meaku Ha PCOS nonagam nog BHumaHuemo Ha KAU-
HULUCMA, KO2amO 2AI0KO3HUAM UM moaepaHc e Bce
owe HOpMaAeH u cbpgedHo-cbgoBume yBpegu He ca
u3aBeru. 3amoBa ckpuHuH2bM 3a Haaudue Ha VIP 6u
bua pewabBaw, 3a ugeHMupuyupaHe Ha Me3u Auua C
Bucok memaboaumen u CC puck C uea paHHO uz2om-
BaHe Ha nogxogaw, mepaneBmuvueH nAaH.
VM3BecmHu ca 2 epynu UHgEKCU 3a onpegeaaHe
Ha MY: 1. MHgekcu, koumo ce uzuucaaBam Ha Gaza-
ma Ha cmoUHoCcmume om KoHueHmpauuume Ha K3,
MHC u mpuzaauuepugume Ha 2raagHo (HOMAMIR,
QUICKI-uHgekc, uHgekc Ha McAuley); 2. ViHgekcu, us-
yucanBaHu Ha 6azama Ha nAazmeHume KOHUgHmMpa-
uyuu Ha K3 u MIHC, onpegeaaHu no Bpeme Ha cmak-
gapmen OITT (uHgekcu Ha Matsuda, Belfiore,
Cederholm, Avignon u Stumvoll). HOMAIR, QUICKI-
UHgeKC U uHgekc Ha Matsuda ca nogxogawu npu KAu-
HUYHU u3cAegBaHua gokamo uHgekcume Ha McAuley,
Belfiore, Cederholm, Avignon u Stumvoll ce npeno-

pbuBam npu enugemuoaoz2udHu npoyuBarun u Hayu-
Ho-uzcaegoBameacku npoekmu (Taba. 2) (9).

Hawemo npoyuBaHe gokasza, ue uHgekCbm Ha
Matsuda e ¢ no-Bucoka uyBcmBumearocm u cneuu-
puyHocm 3a onpegeaarHe Ha VP npu >xeHu ¢ MC u
PCOS 8 cpaBrerue ¢ me3zu Ha HOMAIR u QUICKI.
MHgekcbm Ha Matsuda e cpaBHumeaHo HOB memog
3a oueHKka Ha ueromeaecHa MY, kamo mozam ga ce
uznoazBam gaHHume kakmo om 3-yacoB, maka u om
2-uacoB no npogbaxkumeaHocm OITT. MiHgekcbm Ha
obwama (ueromeaecHa) MY (WBISI), onucaH om
Matsuda u DeFronzo, ce 6a3zupa Ha uHcyauHoBume
cmotHocmu, uzmeperu 8 pwlU/ml u me3u Ha 2AtoKo-
3ama, uzmepeHu 6 mg/dl - uzxogHu u no Bpeme Ha
ol TT. WBISI ompazaBa kakmo uepHogpobHama, ma-
Ka U nepugepHombkaHHa Y.

INpoBegeHu ca peguua npoyuBaHua B Hacoka
KopeAauuu Ha uHgekca Ha Matsuda (WBISI) ¢ uHgek-
cu Ha MY, onpegeaenu upe3 HEC (5). IMpu nocmme-
Honay3aAHu »xeHu om KaBka3zkama paca ¢ HopmaaeH
2AIOKO3EH MOAEPAHC, KaKmo U C pa3AuYHU cmeneHu
Ha HapyweH 2AlOKO3eH MOAepaHC KopeAauuoHHUMe
KoepuuueHMu Ha uHgekca Ha Matsuda u mo3u Ha
Stumvoll ¢ 1Y, onpegeaena upe3 HEC, ca 0,74 u 0,75,
cbomBemHo. (10). B npoyuBanre ¢ >xeHu om KaBkasz-
Kama paca cbc 3amabcmaBaHe u cpegHa Bb3pacm
35 2., 20penocoveHume uHgekcu omHoBo nokazBam
cuzHupukaHmHa 3aBucumocm ¢ uHgekca Ha MY om
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KAamn-mexHukama (r=0.59 u r=0,51, cbom-
Bemto) (11).

Bovnpeku u4ecmama ynompeba Ha
HOMAIR u macmomo my Ha gocmoBepeH
napamembp Npu mawabHu U enugemuoAo-
2uuHU npoyuBaHun, peguua u3zcaegoBameau
He 20 npenopbuBam npu uzcaregBaHe Ha >xe-
Hu ¢ PCOS u kamo uaro - npu Auua om o06-
wama nonyaauua (12-14).

Lorenzo u cbmp. npoBesxkgam npoyuBa-
He, BkaouBawo 272 auua om (DuHAaHgua -
6e3 3A, Ho aBaBawu ce nokoaeHue Ha nauu-
eHmu cbe 3A mun 2 (Bb3pacm 24-50 2., 55%
eHu) ¢ Bogewa uer: ycmaroBaBaHe Ha
Bpb3ka Ha cypoeamHu U gupekmHu mapkepu
3a VP ¢ peguua uzcaegBaHu memaboaumHu
napamempu. ABmopume onucBam cvwecm-
ByBawa no-cuaHa 3zaBucumocm mexxgy UH-
gekca Ha Matsuda u gupekmHo uzmepeHama
MY no memoga Ha HEC (r=0,77) 6 cpaBHeHue
c masu, onpegeaeHa upe3z VIHC 0' (r=0.72,
p=0,011) u HOMAIR (r=0,71, p=0,001) (15).

Hacmoawomo npoyuBare nokaza, ue
npegeaHama (cut-off) cmodHocm Ha uHgekca
Ha Matsuda 3a ycmanoBaBate Ha VP npu xe-
Hume ¢ MC e 5,63. OcBeH moBa, ycmato-
Buxme cut-off cmolHocm paBHa Ha 5,60 3a
guazHocmuka Ha VP npu >xeHu ¢ PCOS.

Aoka3zaHo e, 4e cmolHOCMU Ha UHgEKC
Ha Matsuda >3 noka3zBam aunca Ha VP (16).
PeaanHo, cmolHocm = 2,5 ce cyuma 3a npe-
geaHama npu omkpuBaHe Ha Auua c VP 6
CALLL (17). Takahara u comp. 8 cBoe npoyu-
Bane ¢ 1596 yuacmBawu 3gpabu unguBugu
om SnoHua goka3zBam, ue cmolHoCMuU Ha
uHgekc Ha Matsuda index <4,3 ca uHguka-
mop 3a HaAuuue Ha VIP npu fnoHckume >ku-
meau (18).

3akAaloyeHue

VMHngekcom Ha Matsuda ce okaza no-mo-
yeH memog 3a onpegeaaHe Ha VP npu >keHu
¢ MC u PCOS 8 cpaBHeHue c uzuyucareHume
HOMAIR u QUICKI 8 Hawemo npoyuBaHe.
Cuumame 3a HeoOXOguUMO U NOAE3HO Npo-
BexxgaHemo Ha mawabHo npoyuBaHe 3a yc-
maHoBaBaHe Ha cut-off cmolHocmu Ha uh-
gekc Ha Matsuda npu 3gpaBu Auua (>keHu u
mbXe) - npegcmaBumeau Ha bbazapckama
nonyaauua. oayyeHume pe3yamamu 6Guxa
npegcmabBaaBaau uHMepec He camo 3a Hayu-
Hume u3caegoBamenu, HO U 3a KAUHULUCMU-
me C UeA NO-MOYeH CKPUHUHZ Ha Auuama C
VP u npeBenuua Ha memaboAaumHo-amepo-
2EHHU YCAOXKHEHUA.
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A growing body of evidence suggests that there is a chronic low-grade inflammation followed by atheroge-
nesis in states with insulin resistance (IR) - type 2 diabetes (T2DM), metabolic syndrome (MS) and polycystic
ovary syndrome (PCOS). Methods of IR assessment are attracting a stronger scientific and clinical interest current-
ly so that screening for patients with IR as well as prevention of metabolic complications could be performed.

Aim of the study: to establish which of the calculated indexes - homeostasis model of insulin resistance index
(HOMAR), quantitative insulin sensitivity check index (QUICKI) or the Matsuda index is the most reliable for
assessing IR in women with MS and women with PCOS.

Materials and methods: 74 women with MS, aged 16-52 years (mean BMI 36,2+7,4 kg/m?*) and 76 women
with PCOS, aged 16-35 years (mean BMI 26,1£5,7 kg/m?), participated in the study. During the oral glucose tol-
erance test (OGTT), blood samples for glucose (GLU) and insulin (INS) measurements were obtained 0, 60 and
120 minutes after oral 75 g glucose administration. HOMA-IR = (GLUQ' x INS0')/22,5), QUICKI = 1/{log(INS0') +
log (GLUO0')} and Matsuda = {10000/~/ GLUO' x INSO' x mean GLU x mean INS } were calculated in all the stud-
ied women. Statistical analysis with a receiver operating characteristic (ROC) scatter plot was undertaken to cal-
culate sensitivity and specificity for IR indexes. We again used the ROC curves in order to establish the cut-off
values for the Matsuda index in the two groups of women. We determined a presence of IR as INSO' >12 plU/ml
and/or values of INS during OGTT >100 plU/ml and/or GLUO'/INSQ' <0,333.

Results: ROC curve analysis indicated that the Matsuda index had higher sensitivity and specificity for meas-
uring IR in women with MS as well as in those with PCOS. The present Matsuda index cut-off point for diagnosis
of IR in women with MS and PCOS was 5,63 and 5,60, respectively.

Conclusion: As a measure of IR among women with MS and women with PCOS, the Matsuda index is more
reliable than simple fasting methods - HOMA-IR and QUICKI.

Key words: insulin resistance, metabolic syndrome, polycystic ovary syndrome, Matsuda index

Introduction

Impaired sensitivity to insulin (the so called
insulin resistance, IR) occurs in a number of genetic
and acquired conditions, including obesity, non-insulin
dependent diabetes mellitus, polycyctic ovary syn-
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drome (PCOS) and metabolic syndrome (MS) (1).

Various methods to quantify IR have been
described. The standard technique for assessment of
insulin sensitivity (ISI) is the hyperinsulinemic eu-
glycemic clamp (HEC); it is often combined with the
hyperglycemic clamp to determine the adequacy of
compensatory beta-cell hypersensitivity. Although
clamp technology has been applied to the study of ISI
and insulin secretion in patients, it is too invasive for
general epidemiologic studies. Because no intra-
venous access is needed, the oral glucose tolerance
test (OGTT) is better suited for assessment of large
populations. Although OGTT is more difficult to per-
form than simple measurements of fasting glucose and
insulin levels, the OGTT is a minimal-risk procedure
that is applicable for large-scale screening and for
repeat studies for individual subjects (2).

It was over 20 years ago that the mathematical
model of the normal physiological dynamics of insulin
and glucose produced the homeostasis model of
insulin resistance (HOMA) which provided equations
for estimating IR (HOMAIR) and beta-cell function
from simultaneous fasting measures of insulin and glu-
cose levels (3). In addition, the quantitative insulin sen-
sitivity check index (QUICKI), derived from logarithmi-
cally-transformed fasting plasma glucose (FPG) and
insulin levels, has been proven to be a first-rate index
of IR in comparison with clamp-IR (4).

Clinical investigators have been in search of
more practical indexes that measure I1SI comparable to
that of the HEC. Such indexes of whole-body ISI,
derived from plasma GLU and INS concentrations dur-
ing OGTT, reflect both muscle and liver ISI. A novel
assessment of IS from the OGTT was developed by
Matsuda and DeFronzo, and is referred to as the
Matsuda index. It is thought that the Matsuda index
represents a composite of both hepatic and peripheral
tissue sensitivity to insulin (5).

The aim of the present study was to establish
which of the calculated indexes - homeostasis model
of insulin resistance index (HOMA-R), quantitative
insulin sensitivity check index (QUICKI) or the
Matsuda index is the most reliable for assessing IR in
women with MS and women with PCOS.

Materials and methods

The present study was conducted in the Clinic of
Endocrinology and Metabolic Diseases at the
University Hospital ,Sv. Georgy”, Plovdiv. Seventy-four
women with MS, aged 16-52 years (mean BMI
36,2%7,4 kg/m?*) and seventy-six women with PCOS,
aged 16-35 years (mean BMI 26,1+ 5,7 kg/m?) partici-
pated in the study. After an overnight fast, a standard
OGTRT (75 g glucose) was performed for all subjects.
Blood samples were obtained 0, 60, 120 and 120 min

utes after glucose administration, for GLU and INS
measurements. In all participants HOMAIR = GLU
0'(mmol/L) x INS 0'(ulU/ml)/22,5), QUICKI = 1/{log
(INS 0'(ulU/mL)) + log (GLU 0'(mmol/L))} and Matsuda
={10000/+/(GLU 0'(mg/dL) x INS 0'(ulU/mL)) x (mean
GLU(mg/dL) x mean INS (ulU/mL)} were calculated. In
order to determine the Matsuda index, we trans-
formed all the glucose values from mmol/L to mg/dL
(1 mmol/L =18 mg/dL). We determined a presence of
IR as INS 0' >12 pulU/mL and/or values of INS during
OGTT >100 pwlU/mL and/or GLU 0Y/INS 0' <0,333.
Insulin was tested using a commercial kit for quantita-
tive determination of immunoreactive insulin on the
basis of microparticular immunoenzyme analysis (MEIA)
by means of AXSYM system (ABBOTT, USA) with the fol-
lowing characteristics: sensitivity, & 0,8 mlU/mL; inter
assay variation, CV% < 2,9; intra assay variation, CV% <
5,3. Serum levels of glucose were determined by stan-
dard GOD-POD method. The hormonal tests were per-
formed on an Ax-SYM™ System (Abbott Diagnostics,
Abbott Park, USA) using commercial kits.

The diagnosis of MS was made according to the
criteria of the International Diabetes Federation
(Berlin, 2005), when central obesity as a mandatory
component was present (waist circumference >80 c¢cm
for women Caucasians) in combination with two of
the following abnormalities: elevated triglycerides >1,7
mmol/L; low HDL-C<1,29 mmol/L for women or spe-
cific treatment; high blood pressure >130/85 mmHg or
treatment of diagnosed hypertension; increased fast-
ing plasma glucose >5,6 mmol/L or diagnosed type 2
DM/IFG. The diagnosis of PCOS was made according
to the Rotterdam criteria (Rotterdam ESHRE/ASRM-
Sponsored 2003), when two of the following three fea-
tures were present: oligo- and/or anovulation, clinical
and/or biochemical signs of hyperandrogenism, and
polycystic ovaries on ultrasound examination (the
presence of >12 follicles measuring 2-9 mm in diame-
ter and/or ovarian volume >10 cm’).

A comprehensive set of hormonal tests was per-
formed in all study subjects (androgens, gonado -
tropins, estradiol, prolactin, TSH, free T,, serum corti-
sol at 8 and 22 h) for diagnostic purposes and in
order to exclude pregnancy and other available
endocrine pathology: Cushing's syndrome, inherited
adrenal hyperplasia, prolactinoma, hypo-/hyperthy-
roidism, hypopituitarism, hypogonadism, andro-
gensecreting tumors.

The statistical analysis was performed by SPSS
version 21,0 for Windows. Statistical analysis with a
receiver operating characteristic (ROC) scatter plot
was used to calculate sensitivity and specificity for IR
indexes. An IR index with perfect discrimination has a
ROC plot that passes through the upper left corner
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(100% sensitivity and 100% specificity).
Therefore, the closer the ROC plot is to the
upper left corner, the greater is the overall
accuracy of the test. In order to establish an
optimal cut-off value for a test, we used the
optimal decision point from a ROC curve. A
comparative analysis of clinical and metabolic
parameters between the two groups of
women was performed.

The results are presented as mean  stan-
dard deviation (SD). Statistical significance was
taken at level of P<0,05.

Results

Clinical and metabolic characteristics of the
studied PCOS and MS women are presented as
mean£SD in Table 1. Sensitivity and specificity
calculations based on IR with receiver operating
characteristic curve analysis indicated that the
Matsuda index had a higher sensitivity and speci-
ficity for measuring IR in women with MS as well
as in women with PCOS (Fig.1 and Fig.2). The
present Matsuda cut-off point for diagnosis of IR
in women with MS was 5,63. The present
Matsuda cut-off point for diagnosis of IR in
women with PCOS was 5,60.

Discussion

Insulin resistance, a main feature of MS, is
accepted to be a major risk factor in the etiology
of T2DM, hypertension, dyslipidemia, atheroscle-
rotic vascular disease, and may be a risk factor
for coronary heart disease. Therefore, it is impor-
tant to recognize IR in the pre-disease stage
when therapeutic intervention is likely to be
more successful than in manifest disease (6,7).
PCOS is clinically characterized by anovulation
and hyperandrogenism; it currently represents
one of the most discussed and explored areas in
reproductive medicine as this syndrome affects
up to 10% of women of reproductive age.
Although in past years the main requests to
gynecologists by PCOS patients concerned an
improvement of cause-related hyperandro-
genism or a desire for pregnancy, it recently
became evident that the metabolic alterations
of the syndrome may have important implica-
tions for longterm health (8) Because most
women with PCOS come to clinical attention
when their glucose tolerance is still normal and
the cardiovascular damage is presumably at an
early stage, screening for IR would be crucial to
identify those subjects at greater metabolic and
cardiovascular risk thus allowing appropriate
medical intervention.

Table1.  Clinical and metabolic characteristics of the studied groups.
Parameters Groups of women
Women with MS | Women with PCOS
n=74 n=76

Age (years) 37,0£10,8 24,4£5,1 ** ¥

BMI (kg/m?) 36,247,4 26,14 5,7 * * *

GLU 0' (mmol/l) 5,5241,11 4,87+0,63 * * *

GLU 60' (mmol/l) 8,55+2,31 7,06+2,20 * * *

GLU 120' (mmol/l) 6,82+1,87 5,93+1,53 * *

INS 0' (ulU/ml) 11,4245,53 | 9,18+5,57 *

INS 60" (WlU/ml) 85,60+57,39 | 79,22+68,72

INS 120" (ulU/ml) 57,59+43,65 | 56,12£49,93

HOMA-IR 2,88%1,70 2,08+1,51* *

QUICKI 0,3440,03 0,36%0,03 * * *

MATSUDA 5,568413,70 8,38%£5,80 * * *

* - presence of significant difference, P<0,05
** — presence of significant difference, P<0,01
* — presence of significant difference, P<0,001

* %

There are two groups of insulin sensitivity indexes:

1. Indexes calculated by using fasting plasma concentrations of
insulin, glucose and triglycerides (HOMAR, QUICKI, McAuley
index);

2. Indexes calculated by using plasma concentrations of INS
and GLU obtained during 120 min of a standard OGTT
(Matsuda, Belfiore, Cederholm, Avignon and Stumvoll index). For
clinical uses HOMAIR, QUICKI and Matsuda are suitable while
McAuley, Belfiore, Cederholm, Avignon and Stumvoll index are
suitable for epidemiological/research purposes (Table 2) (9).

Our study demonstrated that the Matsuda index had
higher sensitivity and specificity for measuring IR compared to
HOMAIR and QUICKI. The Matsuda index is a novel method
of assessing ISI which provides a reasonable approximation of
whole-body ISI.

The OGTT ISl (composite) was calculated using both the
data of the entire 3h OGTT and the first 2h of the test. The
composite whole-body ISI (WBISI), developed by Matsuda and
DeFronzo, is based on insulin values given in microunits per
milliliter and those of glucose, in milligrams per deciliter
(mg/dL) obtained from the OGTT and the corresponding fast-
ing values. The WBISI index combines both hepatic and
peripheral tissue ISI.
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Table 2.

Characteristics of the indexes of ISI/IR - HOMA-IR, QUICKI-index and Matsuda index

Method and formula Normal values

Advantages Disadvantages

HOMA-IR
(GLUO'X INS0')/22,5

<2,5

ISl in subjects
treated with insulin
needs further validation

Simple,
minimally invasive

QUICKIindex
1{log (INSO' + log(GLUO')}

> (0,382+0,007 -
nonobese patients
>0,331%£0,010 -
obese patients

> 0,304%0,007 -
diabetic patients

Normal range to be
established for each
laboratory due to
significant interlaboratory
variations in insulin assay

Precise index of ISI,
minimally invasive

Matsuda index: {10000/
2/ GLUO' x INSO' x
mean GLU x mean INS }

> 4,3

Its correlation is very
weak in diabetic patients

Represents both
hepatic and
peripheral tissue
sensitivity to insulin

The Matsuda index (WBISI) has been examined
being comparable with the insulin sensitivity index
from the HEC test (5). In white postmenopausal
women with varying degrees of glucose tolerance sta-
tus the coefficients of the Matsuda index and the meta-
bolic clearance rate (MCR) from Stumvoll were 0,74
and 0,75, respectively (10). In a study with obese
Caucasian women with mean age 35, these two index-
es were also significantly correlated with clamp index
(r=0,59, and r=0,51, respectively) (11).

Although the HOMAIR has been most frequent-
ly used as a reliable parameter in large-scale or epi-
demiological studies, some studies did not validate the
use of simple HOMA in PCOS or general population
(12-14). We also found the HOMA-IR was not the best
parameter among fasting state data.

A cross-sectional study of Lorenzo et al., includ-
ing 272 nondiabetic Finnish offspring of type 2 dia-
betes mellitus individuals (age 24-50 years, 55%
female), aimed to examine the relation of surrogate
and direct measures of IR to metabolic variables. The
investigators found a stronger correlation of the
Matsuda index with directly measured insulin sensitivi-
ty from the euglycemic hyperinsulinemic clamp test
(r=0,77) than that of indexes derived from fasting
measurements (fasting insulin, r=0,72, P=0,011) and
HOMAR (r=0,71, P=0,001) (15).

The present study also showed that the Matsuda
index cut-off point for diagnosis of IR in the investigat-
ed women with MS was 5,63. Furthermore, we con-
firmed a cut-off point of 5,60 for diagnosis of IR in the

PCOS women.

It has been considered that values of the
Matsuda index >3 show lack of IR (16). Actually, 2,5
has been used to find subjects with IR in the USA (17).
Takahara et al. in a study with 1596 healthy Japanese
subjects showed that a Matsuda index <4,3 indicates
the presence of IR in Japanese people (18).

Conclusion

As a measure of IR among women with MS and
women with PCOS, the Matsuda index is more reliable
than simple fasting methods - HOMA-IR and QUICKI-
index. We think that a further large study should be
performed in order to confirm the cut-off values for the
Matsuda index among healthy representatives (men
and women) of the Bulgarian population. The results
would be of great interest both for investigators and
clinicians and would be useful for precise screening of
subjects with IR as well as for prevention of metabolic
and atherogenic complications.
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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
Syndrome on the metabolic syndrome. Nauka
Endocrinologia. 2010; 2: 53-70 (in Bulgarian)
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HOMepupaHe Ha cmpaHuuume 6 moma), NbAHU
HauyaAHa u KpalUHa cmpaHuua. FaaBu (pa3geau)
om KHu2u ce u3nucBam no aHaA02UYEH HauuH,
Kamo cAaeg aBmopa u 3azaaBuemo Ha 2aaBama
(pazgeaa) ce ombeanzBam umeHama Ha pegakmo-
pume, NbAHOMO 3a2Aabue Ha KHU2ama, uzgamen-
cmBomo, 2pagbm u 20guHama Ha u3zgaBaHe, Ha-
YaAHama u KpalHama cmpaHuua. VismouHuyume
Ha kupuauua caegBa ga 6bgam npegcmabBeHu u ¢
opua2uHaAHua um npeBog Ha aH2AUUCKU UAU
mpaHcAumepauua (ako U3MOYHUKbLM HAMA Opu-
2uHaneH npeBog Ha 3a2zaaBuemo u pe3tome Ha aH-
2aulicku) u cbe 3abenexka B8 ckobu (in Bulgarian).
KHuzonucbm Ha op2uHaAHUMeE cmamuu ce omne-
yamBa caeg aHaAulGCKUA MeEKCM.

Mpumepu:

Cmamua om cnucaHue:

1. MclLachlan S, Prumel MF, Rapoport B.
Cell Mediated or Humoral immunity in Graves’
ophthalmopathy? J 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, FoueBa H, NemkoBa M, 3axapu-
eBa C, OpbeuoBa M u cvaBm. KoHceHcyc Ha
bbacapckua uHcmumym ,MemaboAumeH cuH-
gpom” 3a noBegeHue npu memaboAumeH CUHg-
pom. Hayka EHgokpuHoaoeua 2010; 2: 53-70).

INa6a (pazgea) om kHuza:

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

Mamepuasume mpa66a ga ca HanucaHu Ha
npaBuren 6wvAzapcku, pecnekmuBHO aHzAulCKU
e3uk npu cnazBaHe Ha cvBpemeHHume npabuaa 3a
npaBonuc u nynkmyayua. lpenopvyumento e a6-
mopume ga KOHCYAMuUpam aHzAUulCKUA meKcm C
¢puroroz uau anzaozoBopawy. Pegakyuama moixe
ga Haco4u Kkem kBaauguyupanu npebogaqu 3a
npeBog uau pegakmupaHe Ha mamepuaaume Ha
aHZAUUCKU e3uK cpewy 3anAaujave. Mamepuaau,
Koumo He omzoBapam Ha ujuckBanuama Ha cnu-
canuemo, ce Bpvujam Ha aBmopume 3a Kopexkyuu
npegu ga 6sgam npegageHu 3a peyeHzupae.

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

References to a book chapter:

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