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Ob3op /Rewiew

EnuzeHemuyHu u morekyagapHuU MexaHuU3Mu HG NPeHaMAAHO NPo2paMuU-
paHe Ha 3axapeH guabem cbc 3amabcmaBaHe

boagxueba, Hagka U., BapaguHo6a, MupocaaBa I'., Memogue6a, Pocuua A.
Kamegpa no Mapmakorozus u Tokcukorozuq, MeguuuHcku Dakyamem, Meguuutcku YHuBepcumem, Codpun

Epigenetic and Molecular Mechanisms of Prenatal Programming of

Diabetes with Obesity

Boyadjieva, Nadka I. , Varadinova, Miroslava G. , Metodieva, Rositsa D.
Department of Pharmacology and Toxicology, Medical Faculty, Medical University, Sofia

Pesiome

PagauuHu pakmopu umam poasa 6 mexaHuzmu-
me Ha pazBumue Ha 3axapeH guabem mun 2 (3A2).
M3BecmHo e, ye 3amabcmaBaHemo e eguH om max.
[MpeHamaAaHOmMoO npozpamupaHe Ha 3A2 c uau 6e3
3amabcmaBanre e BaxkeH dpakmop B namozeHezama
Ha memaboaumHu 3aboaaBaHun. B Hacmoawua 06-
30p Ca UAIOCMPpUpPaHU enu2eHEMUYHU U MOAEKYAAP-
HU mexaHuzmu 6 npeHamaAHOMO npozpamupaHe.
AOKymeHmupaHo e, Yye agunouumume umam Kana-
uumem ga npogyuupam okoAo 50 pazauuHu Buga
BewecmBa, HapeveHU aguNOUUMOKUHU, Kamo nen-
mugu, UUMOKUHU U gp. PoAama Ha pazAuyHuU uumo-
KUHU Kamo npo-Bb3naaumeaHume TNF alpha (my-
MOpeH Hekpo3eH hakmop-aada), IL-6 (uHmepaeB-
KuH - 6), IL-1 (uHmepaeBkuH - 1) B npeHamaaHOMO
npozpamupare Ha 3A2 u 3amabcmaBaHe e npoyye-
Ha, KaKmo eKCnepumeHmMaAHoO, maka U KAUHUYHO.
Coobwaba ce 3a gpyau MOAEKUYAHU MexaHu3mu,
cBbp3aHu ¢ agunouumume, Kamo agxe3uoHHUMEe
morekyau ICAM-1 (intercellular adhesion molecule-
1), VCAM-1 (vascular adhesion molecule-1) u Ha hs
CRP (C-reactive protein). PagauduHu 2eHemuyHuU u3-
caegBaHua gokymeHmupam poasma Ha mymauuu
Ha omgeaHu 2eHu B puckoBume pakmopu 3a 3axa-
peH guabem. HoBu npoyuBaHua Bbpxy MuwKku Cbe
3amabecmaBare u xpaHeHu ¢ 6oeama Ha mazHuHU
XpaHa gokymeHmupam poaama Ha Klotho 2eH 8 un-
mpaymepuHHO npozpamupaHe Ha 3A2. EnuzeHemuu-
HU NPOMEHU KamoO MemuAupaHe U auemuaAupaHe Ha
xucmoHu, AHK memuaupaHe u gpyau umam poaq 3a
yHacregaBare Ha 3A2. 3a pa3zauka om 2eHemuyHo-
mo yHacaegaBaHe, npu enu2eHemMuUYHOMO CUMNMO-
mume Ha 3aboaaBaHemo ce npoaBaBam npe3 noko-

Abstract

Various factors play role in the mechanisms
that underlie the development of type 2 diabetes
mellitus (T2DM). It is well known that obesity is
one of them. The prenatal programming of T2DM
with or without obesity is an important factor.
Some epigenetic as well as molecular mecha-
nisms in prenatal programming of T2DM are illus-
trated in the present review. It is well known that
the adipocytes have a capacity to produce and
secrete approximately 50 substances (named
adipocytokines -peptides, cytokines, etc.) and
part of them play a role in the intrauterine deter-
mination of the T2DM risk. Various cytokines as
TNF alpha, IL-6 and IL-1 are well recognized in the
fetal programming of obesity and T2DM. In addi-
tion, genetic studies have documented the role of
gene mutations for the early programming of dia-
betes. Recent data from experimental studies in
mice indicated the role of the Klotho gene and
the capacity of high fat food to activate it in pre-
natal programming of metabolic diseases. Various
substances produced from the adipocytes like the
ICAM-1 (intercellular adhesion molecule-1),
VCAM-1 (vascular adhesion molecule-1) and hs
CRP (C-reactive protein) are recognized to partic-
ipate in the intrauterine programming of T2DM.
Epigenetic modifications like histone methylation,
histone acetylation and DNA methylation are
involved in the prenatal pathogenesis of obesity
and T2DM. Together these data suggest that
adipocytokines and epigenetic modifications are
involved in the mechanisms of prenatal program-
ming of the metabolic diseases.
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Rositsa Danailova Metodieva et al

AeHua u moBa moxke ga obacHu HeouakBaHama npos-
6a Ha 3A2 8 cemedcmBa, npu KOUMO HAMA cMpagawu
om 3aboasBaHemo. B3zemu 3aegHo, nybaukyBaHume
pe3yamamu gaBam ocHoBaHue ga ce HanpaBu 3akaio-
UeHUe, Ye Pa3AUYHU MOAEKYAAPHU MexaHu3mu, BKAou-
Bawu npogykmu Ha agunouumume U enuzeHemuyHU
uzmeHeHua ydacmBam B paHHOMO (NpeHamaAHo)
npozpamupaHe Ha 3A2 ¢ uau 6e3 3amabecmabate.

KaroyoBu gymu:

Key words:

3axapeH guabem, agunouumMoKUHU, enu2eHemuKa,
uHmepaeBkuHu, 3amabcmabaHe.

type 2 diabetes mellitus, epigenetics, adipocytokines,
interleukins, obesity

BbBegeHue

[pe3 nocaegHume 20guHU Yecmomama Ha 3a-
xapHua guabem mun 2 (3A2) npu xopa ¢ noBuweHo
me2Ao u 3amabcmaBaHe ce yBeauuaBa. PagauyHu ca
pakmopume, koumo ce guckymupam 8 namozeHe-
3ama Ha 3A2. AokymeHmupaHa e poArama Ha pa3Auy-
HU 2eHU, Kakmo npu 3amabcmaBaHe, maka u npu
3A2. BaxkHOmo 3HauveHue Ha XpaHeHemo, pa3AUYHU
pakmopu Ha OKoAHama cpega, BAuaHuemo Ha Aekap-
cmBa u gpyau cbwo ce obcuxKga B namozeHezama
Ha 3A2 (u3BecmHa e Bpb3zkama mexxgy 3amabecmaba-
He, uHcyauHoBa pezucmeHmuHocm u pazBumue Ha
guabem). Hanocaegbk Bce no-yecmo ce 06Cbxkga
poAama Ha enuzeHemu4Hu mexaHu3mu 6 pazBumue-
Mo Ha pa3AudHu 3a6oaaBaHug, BkalouumeAHo npu Ha-
pyweHua Ha memaboau3zma (3amabcmaBare u 3A2).
MpegcmaBernuam 0630p ce pokycupa Bbpxy Hal-HO-
Bu gpakmu, cBbp3aHu ¢ npeHamaAHOMO npozpamupa-
He Ha 3amabcmaBaHe, uHcyauHoBa pezucmeHm-
Hocm u 3A2.

1. [peHamaAHO npozpamupaHe Ha
3amAbcmaBane

TepmuHbmM ,NPeHamMaAHoO npozpamupare” ce om-
Haca go npomeHume 6 2eHHama ekcnpecus, KOumo
HacmbnBam nog BauaHue Ha pazAuyHU (hakmopu npu
BvmpeympobHomo pa3zBumue Ha naoga (embpuoHan-
HO u ¢pemanHo pa3zBumue). MNpe3 Mo3u nepuog, Kak-
MO U paHHUA NOCMHAMAAEH Nepuog ca goKymeHmu-
paHu pazaudHu npomeHu 6 npoepamupaHemo Ha me-
maboau3zma u cBbp3zaHume ¢ He20 puckoBe 3a eHgo-
KpuHHU 3a6oaaBanua (1-5). Bogewume mexaHu3zmu
Nnpu Npe- U NepuHamMaAHOMO Npo2pamupaHe, Koumo
ca cBbp3aHu ¢ yHacregaBaHe om malikama Ha npome-
HU C pa3AUYHU Xapakmepucmuku ca enuzeHemuyHu u
MoAeKyAapHU. [MoHacmoawem pazgeaame enuzeHemu-

yHUmMe npomeHu om gobpe ocBemaeHume 6 Aumepa-
mypama mepamoAO2UYHU U3MEHEHUA Ha chemyca (6).

1.1. Poaa Ha xpaHeHemo Ha maukama u HeUHOmo
meaAo npegu u no Bpeme Ha bpemeHHocm B pa3Bu-
mue Ha 3amabvcmaBaHe ¢ uHcyauHoBa pe3ucmeHm-
Hocm y nomomcmBomo

Y6egumeaHu gaHHu noka3zBam, ve uma no3u-
muBHa Kopeaauua MeXXgy mea2Aomo Ha malkama
npegu 3abpemenaBare u pazBumuemo Ha 6ebemo,
Kakmo BbmpeympobHo, maka u caeg paxgaHe. Hag-
HopmeHomo mezao ¢ yBeauyeHa obwa macmHa mb-
KaH e puckoBo, kakmo 3a bpemeHHama >eHa (noBu-
weHa Yecmoma Ha NPeeKAamMNCcua U gpyau YcAo>KHe-
Huf), maka u 3a pa3zBuBawusa ce naog (7). Moaekyaap-
HUMe MexaHu3Mu Ha pucka 3a pa3zBuBawua ce de-
myc ca cBbp3aHu ¢ npousBexkgawume ce pazAauyHU
BewecmBa om macmHama MbKaH U NPEgUMHO OmM
agunouumume. [Npe3 nocaegHuMe 20guHU MacmHa-
ma mbKaH ce npuema Kamo eHgoKpUHeH/UMYHeH op-
2aH Ha 6a3a Ha cnocobHoCcmmMma Ha agunoyumume ga
npou3Bexkgam pazAudHU UUMOKUHU, Yacm Om KOu-
mo ca cBbp3aHu ¢ Bv3znaseHue (8, 9, 10, 11). Hawu
npoyuBaHua nokazBam, ye agunouumume npu Xu-
nepmpogus (yBeauueHa macmHa mbkaH) npou3Bex-
gam npo-8b3naaumearu yumokurHu kamo TNF alpha
(mymopeH Hekpo3eH dpakmop aada), IL-6 (uHmepaed-
KUH - 6), IL-1 (uHmepaeBkun - 1) (12). YBeauueHama
KOHUEHMpayuua Ha nocodyeHume uumokuHu 6 KpbB-
ma Ha 6pemeHHama >xeHa npegu3zBukBa HapyweHus
6 mumoxoHgpuaaHama Gema-okcugauua u UHCYAUH-
CMUMYAUPAHUA 2AIOKO3EH MPAHCNOpm, KOemo ce
cBvp3Ba ¢ puck B8 pazBumuemo Ha naHkpeaca Ha
naoga. Kem nocoueHomo ce go6aBa u cnocobHocm-
ma Ha agunokuHume ga yBeauyaBam npogykuuama
Ha eHgomeAuaAHUMe agxe3uOHHU MOAEKUAU, Kamo
ICAM-1 (intercellular adhesion molecule-1), VCAM-1
(vascular adhesion molecule-1) u Ha hs CRP (C-reac-
tive protein), koemo cvwo ce BkatouBa 8 morekyaap-
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HUMeE MexXaHU3MU Ha NPEHAMAAHOMO Npo2pamupaHe
Ha 3axapeH guabem u 3amabcmaBane (9).

B npeHamaaHomo pazBumue macmHama mbkaH
3anouBa ga ce pa3zBuBa mexxgy 14-ma u 16-ma 2ec-
mauuoHHa cegmuua. [pu exoepadcku uzcaegBaHus
nbpBoHauyarHo Buguma e macmHama mbkaH 68 2aaBa-
ma u 2bpAOMO Ha NAOJA, a NO-KbCHO U B gpyau 30HU
Ha maaomo (13). Agunouumume ce obpazyBam om
NpeKkypcopu - npe-agunouumu, KOUMo ce gugepeH-
uupam om me3eHxumHume cmBoaoBu kaemku (me30-
gepmama). Dopmupam ce m.Hap. macmHU AOOYAU,
Koumo ca 3a0buKoAeHU om me3eHxumHa mbkaH (14,
15). Tesu Aobyau yBeauuaBam nocmeneHHo cBoa
pa3mep u Kbm 28-a 2eCmayuoHHa cegmuua ce peauc-
mpupa 3Ha4yumeaHo HampynBaHe Ha macmHa MbkaH
B8v6 pemyca. Ako 3amabcmaBaHemo Ha maldkama e
3Ha4uMo, Mo moxke ga ce HabatogaBa xunepnaazua
Ha Aobyaume npu pa3zBuBawua ce naog. YBeauueHu-
me gena om cBoa cmpana ca puckoBu 3a pazAuuHu
ycaoxHeHua no Bpeme Ha nocmHamaaHomo pa3Bu-
mue, BrkarouBawu paHHo 3amabcmaBaqe, paHHO pas-
Bumue Ha uHcyauHoBa pe3ucmeHmHocm u 3axapeH
guabem mun 2. lNpu 3amabcmaBaHe Ha malkama
npegu 6pemeHHocm u no Bpeme Ha GpemeHHocm ce
gonbaBa poaama u Ha gpys mMoAekyaapHo-Guoroau-
yeH mexaHu3zbm, cBbp3aH ¢ kanauumema Ha Bucue-
paAHama macmsa mbkaH u HeHomo BauaHue Bbpxy
uHcyauHoBama uyBecmBumeaHocm u xomeocmazama
Ha 2atoko3ama B uepeH gpob (16). [Mo-3HauuMomo
pazBumue Ha BucueparHa macmHa mbkaH npu mad-
kama e cBvp3aHo ¢ akmuBupaHe Ha 2eH (aguno Q),
3a KOUmo e goka3aHo, Ye e HoB macmHo-cneuuu-
yeH 2eH npu 3amabcmaBade (17). To3u 2eHemuveH
mexaHu3zbm ce BkatouBa 6 npeHamaaHomo npozpa-
MupaHe Ha 3amabcmaBaHe ¢ puck om 3A2.

Mokycupaltku BHumaHuemo Bbpxy agunouu-
mume, e Ba>xkHO ga noguepmaem, e me npou3Bex-
gam okoAo 50 pa3zAaudHU npomeuHu/nenmugu u gpy-
2U aguUNOKUHU, Koumo uupkyaupam B kpvBma Ha
malikama u 4yacm om msax ca C gokazaHa poaa 8 pasz-
Bumuemo Ha 3amabcmaBare, Kakmo npu GpemeHHa-
ma, maka u npu gpemyca (10, 11, 17, 18). AgunoHek-
muH peayaupa ycBoabanemo Ha 2a0k03a B8 Myckyau-
me, pegyuupa Bb3naseHuemo u nAazmeHume Aunugu
U e eguH Om MaAKomo agunoKuUHU, KOUMO ca C NPo-
mekmuBeH edpekm 6 pazBumuemo Ha 3A2. Aguno-
HekmuH ce u3znoa3Ba kamo mapkep 3a yBeauveHa uH-
cyauHoBa cenzumuBHocm. MNMaaueHmama npogyuupa
agunoKuHu u npu yBeauyeHo 3amabecmabare ce yBe-
AubaBa koHueHmpauuama Ha MHO20 om max (6e3
agunoHekmuH) B naaueHmapHomo kpbBoobpawe-
Hue (19). HoBu cakmu gokymeHmupam, ve 6poam
Ha CD14+ u CD68+ makpodpazu 6 naaueHmama Ha
>KeHU cbc 3amabcmaBaHe e yBeauueH 3 nvmu B
cpaBHeHue ¢ Mo3u NPU NAAUEHMama Ha >KeHuU C Hop-

marHo meanro (20). Te3u makpodpazu npogyuupam
npo-6b3naaumeaHu yuMoKUHU u ca ycmanoBeru no-
BuweHu HuBa Ha TNF-alpha u IL-6, kakmo u Ha C-pe-
akmuBeH nenmug 6 naazmama. Aonycka ce poaasma
Ha mo3u yBeauveH Gpol makpodazu B mexaHuzmu
Ha NpeHamaAHO npozpamupaHe Ha 3A2 u 3amAbCmMs-
BaHe (21).

1.2. Bucokama koHueHmpayua Ha ma3HuHu 8
guemama Ha bpemeHHama >xeHa 8ogu go HapyweHuA
6 npoepamupaHemo Ha YepHOgPOOHUA MacmeH
mMmemaboAu3sm

XpaHumeaHume guemu no Bpeme Ha Opemen-
Hocm ca npoy4veHu B pazaudHu emHocu u B8 pazauu-
Hu HanpaBaeHus, BkatouumeaHo u 3a BauaHue Bbpxy
memaboAu3ma, Kakmo Ha malkama, maka u Ha pa3Bu-
Bawua ce nrog. AaHHU Om Aumepamypama nocou-
Bam noBuweHa AunozeHe3a u 3amabcmaBaHe npu
nomomcmBomo Ha >eHu, ynompebaBawu 6o2ama
Ha MazHuHU guema. YBeaudeH e m. Hap. gecamypa-
uuoHeH uHgekc (desaturation index; DI), koemo npeg-
cmaBanBa cbomHoweHueMo Mexkgy HecamypupaHu-
me (C16 u C18) kbm camypupaHume macmHu Kuce-
AuHU. N3caegBaHuama Ha Seet E u comp. (2014) Bvp-
Xy nabxoBe peazucmpupam 3amabcmaBare 8 nomom-
cmBomo, kozamo madkama e xpaHeHa ¢ Bucoku KoH-
ueHmpauuu Ha mazHuHu 8 guemama no Bpeme Ha
OopemeHHocm (22). FeHemuuHu u3caegBaHua gonba-
Bam me3u pakmu u ycmarnoBaBam pegyuupaHa ekc-
npecua Ha Klotho 2eH npu XXeHCKU U Mb>KKU MUWKU -
nomomcmBo Ha 3amAbBCMEAU MUWKU U XpaHeHu ¢
602ama Ha Ma3zHUHU XpaHa. Aonycka ce npeHamaHo
HapyweHue B npoepamupaHemo Ha memaboau3zma ¢
paHHa nposBa Ha uHcyauHoBa pezucmeHmHoCcm U
puck om 3axapeH guabem (23). OcBeH nocoyeHus 2e-
HEMUYEeH MEXaHU3bM € gOKYMEHMUPAH U MOAEKUASA-
peH mexaHu3bm, cBbp3aH ¢ poAaama Ha 2 npomeuHa:

a) HIF-1 o (hypoxia-inducible factor 1 alpha) u

6) angiotensin 2 peuenmop, KOUMO ca ¢ pegyuu-
paHa ekcnpecua 8 nomomcmBomo Ha 3amAbCcmeau
muwku. YcmanoBeHume npomenu 8 mesu gBa npo-
meunHa u 6 Klotho 2eH umam poaa 8 HapywaBare Ha
(puzuoAO2UYHAMA Kackaga Ha pazBumue u ca omeo-
BopHu 3a npozpamupaHe Ha memaboAumeH CUHgPOM
no Bpeme Ha uHMpaymepuHHomMo pazBumue, KoUmo
moxe ga bbge yHacaegeH B caegBawu nokoaeHus.

2. HapyweHua 6 npeHamaArHOomo npoepa-
mupaHe, cBbp3aHu c ybpexgaHe Ha ueHmpaa-
HUME MexaHU3Mu, KOHmpoAupawu memabo-
AU3Ma U Me2A0Mmo

3amabcmaBademo no Bpeme Ha GpemeHHOCM
uyecmo ce cbnpoBoxkga ¢ XunepAukemua npu malka-
ma, koamo e nocaegBara om Bucok anemum y poge-
Homo nomomcmBo. LleHmpaaHume peayramopHu
MeXaHu3Mu Ha anemuma ce uzy4aBam om Hac u om

Endocrinologia vol. XIX Ne4 /2014




Pocuya MemogueBa u compygHuyu

MHO20 gpyau uzcaegoBameau npe3 nocaegHume 20-
guHu. Hawuam exkun nybaukyBa gaHHu 3a poAama Ha
AENMUH U 2peAuH B peayaavuama Ha anemum u 3a-
mabcmaBaHe (24). B nepuoga Ha npeHamaaHo pa38u-
mue u y nomomcmBomo Ha GpemeHHa >XeHa CbC
3amabcmaBaHe u xunepaaukemusa ce ycmaHoBaBam
Bucoku HuBa Ha uHcyauH B kpbBma (XunepuHcyauHe-
mug) u noBuweH anemum, koemo e cBbp3aHo C puck
om npozpamupaHe Ha memaboAUMeH CUHgPOM U
3A2. Hue gonyckame, ye npu bpemeHHama »eHa CbC
3amAabcmaBare e HapyweHo paBHoBecuemo mexxgy
gBama Bogewu nenmuga, peayaupawu UeHMpPaAHO
anemuma - AeNMuH U 2peAuH. Hama nybaukyBaHu
gaHHU 3a mexHume KoHueHmpauuu 8 naaueHmapHo-
mo kpbBoobpaweHue, HO e Bb3MOXKHO Ha 6a3a Ha
XUNEPUHCYAUHU3BbM UAU yBeauueHua npogykuuua Ha
agUNOKUHU ga ce Hapywu HaraHCcbm mexgy max. U
gBama nenmuga mo2am ga okaxam BauaHue Bbpxy
NpeHamaAHOMO nNpo2pamupaHe Ha MexaHu3mume,
KOUMO UeHMpPaAHO pe2yaupam anemuma u memabo-
AU3Ma.

3. EnuzeHemuyHu mexaHu3mu 6 Hapywe-
HOMO NpeHamaAHO npozpamupaHe Ha 3axapeH
guabem u 3amAabcmaBane

EnuzeHemukama e BaxkHo HayuHO Hanpabae-
Hue, koemo BHaca HoBocm B uzcaegBane BauaHue-
MO Ha oKoAHama cpega, AekapcmBa u gpyau gpakmo-
pu 6 mexaHuzmume Ha yHacaegaBaHe Ha pa3AUUHU
3aboaaBanua. EnuzeHemu4yHUME NpomeHU mozam ga
H6bgam obpamumu u ga ce yHacaegaBam npe3 noko-
AeHua. Peguua gaHHU codam, ye npomeHume mozam
ga He ce npoaBam 8 nvpBomo, gopu u 66 Bmopo-
MO NOKOAEHUE, HO ga ce ekcnpecupam u3aBeHo npu
Mpemo NOKOAEHUE, C Koemo ce pa3zaudaBam om ze-
HemuYyHUMe NPOMEHU, KOUmo ce Hal-4ecmo ce yHac-
AegaBam owe B nbpBo nokoaeHue. BaxkHa pazAuka
MeXgy 2eHemuyHUMme U enu2eHemuyHUme mexaHu3-
MU €, Ye Npu nocAegHume Hama npomaHa B Hykaeo-
mugHama nocaegoBameaHocm, a AHK ce 3acaza
Henpako ype3 XumuyHu npomeHu 6 Hea uau B xucmo-
Hume. EnuzeHemuyHama peayaauua e cBbp3aHa npe-
gumHo ¢ AHK memuaupaHe u XucmoHHU moguduka-
Uuu Kamo auemuaupaHe, MemuAupaHe, (POCOpPUAU-
paHe u m.H. Kbm max we gobaBum HoBu gokazaHu
enuzeHemuyHU mexaHuzmu cBbp3aHu ¢ getdcmBue-
mo Ha mukpo PHK-u. bpoam uzcaegBaHua Bbpxy enu-
2eHEMUYHU MEXaHU3MU C HapyweHua B npeHamaaHo-
MO npozpamupare, Koumo ce acouuupam c pa3Bu-
mue Ha 3axapeH guabem u 3amabcmsaBaHe e o2paHu-
yeH. Mma gaHHu om npoyuBaHuna Bbpxy memuaupaHe
Ha uumo3uHoBu 6azu 6 uumo3uH-2yaHUH-HYKAEO-
mugHu gumepu (CpG) npu pemasHo npozpamupaHe
Ha memaboau3ma. Aonycka ce poaa Ha AHK memuau-
paHe npu noBuweH puck om pazBumue Ha 3A2. AHK

MemuAupaHume mexaHu3zmu ca cBbp3aHu ¢ m. Hap.

enuzeHeMUYHO 3anoMHaHe U ce npegaBam npe3 no-
KOAEHUA, KOEMO Ce omHaca u 3a pucka om memabo-
AUMeH cuHgpom (25). Bucoko memuauparu AHK 8
m.Hap. ,NPOMOMEpPHU 30HU” nomucKam ekcnpecus-
ma Ha cbomBemHu 2eHu, Koemo cb3gaBa puck 3a uH-
cyauHoBa pezucmeHmuocm, 3amabcmabaHe u gua-
6em. IMpu HapyweH BberexugpameH memaboAuzbM
Ha 6pemeHHu ca ycmaHoBeHu enuzeHemuYHU Npome-
HU B 2eHu 3a AenmuH Ha thbemyca (26). Aonycka ce,
ye B xoga Ha npeHamaAaHomo pazBumue mo3u enuze-
HemuyeH mexaHu3bm Bogu go aganmauua Ha 2eHa
kbm noBuwaBawume ce HuBa Ha 2Aatok03a B KpbBma
Ha maltkama. Tobi u cemp. (2011) nybaukyBam gaH-
HU 3a AHK memuaupaHe 6 pasauuHu 2eHu (IGF2,
GNASAS, INSIGF u LEP), koemo cb3gaBa puck 3a
pakgaHe Ha geua C HUCKO me2Ao, HO Bb3MOXKHO 3am-
AbecmaBaHe no Bpeme Ha uzpacmBaremo (27). B nog-
Kpena Ha me3u u3zcaegBaHua ca gaHHUME Ha gpye Ko-
rekmuB Filiberto AC u comp. (2011), koumo goky-
MeHmupam pe3zyamamu, gokazBawu ye me2aomo Ha
HoBopogeHomo 6ebe e B 3aBucumocm om memuau-
paHe Ha AHK npomomep Ha 2AtoKoKOpmukougeH pe-
uenmop B8 naaueHmama (28). B naaueHmama Ha ce-
HU cbC 3amabemaBaHe ca ycmaHoBeHu 3HaYUMO Nno-
Bucoku HuBa Ha 06woO MemMuAUpaHe Ha XucmoHume
6 cpaBHeHue ¢ moBa npu XXeHu C HOPMAAHO MEe2A0
(29). Te3u Bucoku HuBa Ha memuaAupaHe ce cBbp3-
Bam Kakmo ¢ puck om npe-ekAamncusa Ha malkama,
maka u ¢ puck om pazBumue Ha 3A u 3amabcmaBa-
He 8 nomomcmBomo . Bucokama cmeneH Ha memu-
AUpaHe e enuzeHemu4Ha mogudukauua 6 memabo-
Au3ma Ha nomomcmBomo u npegnocmabka 3a pa3Bu-
mue Ha memaboAaumHu 3aboaaBaHug, KOumo mo2am
ga He ce npoaBam 8 nbpBomo nokoAeHue, HO ga ca
uzaBeHu 3HauumeAHo B caegBawume nokoaeHusA.
AOKYUMEHMUpPAHU Ca enu2eHemuyHU mogudpukayuu u
6 naaueHmama Ha >KeHu C 2ecmauuoHeH guabem
(26). CowecmByBam gaHHU 3@ MEMUAUpPaHE Ha 2eHU-
me 3a AeNMuUH U aguNOHEKMUH, KOUMO Ce acouuu-
pam c npeHamaAHO npozpamupaHe Ha 3A2 U 3amAbC-
maBare. HoBu npoyuBarus, nybaukyBaHu npe3 2014
2. goKymeHmupam pesyamamume om cpaBHumeaHu
uzcaegBaHua Bbpxy mukpo PHK-u Ha GpemeHHU >KeHu
c u 6e3 3amabcmaBate (30). Mpu Bcuyku >keHu, Kou-
MO ca NoKa3aAu HOPMAAHU CMOUHOCMU Ha 2AKOKO3a
npu npoBexkgaHe Ha OpaAeH 2A0KO30-moAepaHmMeH
mecm, He ca ycmaHoBeHu 3Havumu pasauku B ekcn-
pecuama Ha mukpo PHK-u 68 ymbuaukasHama kpb0.
bvgewe 6 Haykama we 6vbgam npoyuBaHua Bbpxy
poasma Ha mukpo PHK-ume 8 enuzeHemuuHume me-
XaHU3MU Ha (hemaAHo NpozpamupaHe Ha memaboAu3-
ma. Mpakmuyeckuam Bbnpoc e: ,Bb3MOXKHO AU € Ha
6a3a Ha enueeHemuyHume u3caegBaHua u gokazaHu-
me enuz2eHemMuYHU MOgUPUKAUUU ga ce KOHMPOAU-
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pa pucCKbm om npe- U NEePUHAMAaAHO Npo2pamupaHe
Ha 3axapeH guabem u 3amabcmaBaHe?”.

OmezoBop 8 moBa HanpaBaeHue gaBam uzcaeg-
Banuama Ha Nathanielsz u comp. (2013), ue pazauu-
HU unmepBeHyuu (XxpaHumeaHu u gBuzameAHu) mo-
2am ga nomucHam HeXkeaaHume egpeKkmu Ha maduu-
Hua opeaHu3bm Bbpxy NpozpamupaHemo Ha hemyca
(31). Baxken enemeHm om me3u uHmepBeHyuu e KOoH-
MPOABM Ha KOHUeHMpauuama Ha mazHuHu B xpaHu-
me. CbWwo0 Maka e gokymeHmupaHo, Ye npozpama ¢
noBuweHa gBuecameana akmuBHocm Ha GpemeHHU
nabxoBe Bogu go yBeauuaBaHe Ha cBobogHOMO om
macmu meaao u HamaAaBaHe Ha macmHama mbkaH 6
nomomcmBomo om MbXKKU NoA. [ocoveHume ak-
mu ce NogKpenam C pe3yamamu om enuzeHemuyHu
uzcaegBaHun u ce gonycka, ye enuzeHemuyHU MOgu-
pukayuu Guxa mMo2AU ga KOHMPOAUpPAM NpeHamana-
HOMO npoz2pamupare Ha 3amabcmaBaHe u pucka om
memaboAumHu HapyweHua. B moBa HanpaBaeHue e
»KernameAaHo oepaHuuvaBaHe Ha 3amabcmaBaHemo,
KOHMPOAUPaHEe Ha XpaHUMEeAHUA PEXKUM C HUCKU KOH-
ueHmMpauuu Ha Ma3HUHU U ymepeHa puzuyecka ak-
muBHocm Ha 6pemeHHama eHa (uHmepBeHuuu, Ko-
umo Mo2am ga nomucHam HebAazonpuamMHU enuze-
Hemu4HU mogudukauyuu B8 npozpamupaHe memabo-
AuU3Mma Ha pa3zBuBawomo ce nomomcmBo).

3akaloyeHue

MoaekyaapHo-6uor02UuYHUME MeXaHU3MU Ha
npozpamupaHe Ha memaboAaumHu 3aboaaBaHua ce
uzyuaBam akmuBHo npe3 nocaegHume 20guHu. Poasa-
ma Ha 3amabcmaBaHemo no Bpeme Ha GpemeHHOCM
e cBbp3aHa c yuacmue Ha pa3auuHu BewecmBa (agu-
nokuHu), koumo ce obpa3zyBam u cekpemupam om
agunouumume Ha OpemeHHama, uupkyaupam 6
KpbBma u upe3 Hea okazBam BauaHue Bbpxy pazBu-
Bawua ce naog B pazaudHU nepuogu Ha emBpuOHaA-
Homo pa3zBumue. MoaAekyaapHume mexaHu3MU
BrkatouBam u geicmBuemo Ha gpyau npomeuHu, go-
Ka3aHu Ha nAaueHmapHo HuBo npu BpemeHHU >XeHu
cbC 3amabemabBaHe. [pe3 nocaegHume 20guHU ce
go6aBuxa Hal-HoBu hakmu 3a enuzeHemu4HU Mexa-
HU3Mu, cBbp3aHu C NpeHamaAHO npo2pamupaHe Ha
3A2 u 3amabcmaBaHe. YcmaroBeHu ca peguua enuze-
Hemu4HU mogudpukauuu 8 npozpamupaHemo Ha me-
maboAu3ma u namozeHe3ama Ha 3A2, 3acaeawu 2eHu
3a AenNMuH, agunoHekmuH u gpyau. MNybaukyBaHu ca
MHO20 gaHHU 3a poAama Ha guemama u puzudeckama
akmuBHocm B KoHmpoAa Ha enueeHemuuHama peay-
AQUUA Ha NpeHamaAHO npozpamupaHe Ha 3A2 u 3am-
abcmaBaHe. Bszemu 3aegHo chakmume, nocoveHu 6
Hacmoawua 0630p, ca HoBocm B paHHama guazHo3a
U npogpuaakmukama Ha memaboAumHu 3aboaaBaHus.
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Xapakmepucmuka Ha memaboaumHug cuHgpom B gemcko-toHowecka

Bv3pacm
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Characteristics of the Metabolic Syndrome in Childhood and Adolescence
Konsulova, Petya S.', Orbetzova, Maria M., Kaleva, Nartzis N.

' Clinic of Endocrinology and Metabolic Diseases,

2Clinic of Children and Genetic Diseases, ,Sv. Georgy” University Hospital, Plovdiv, Medical University, Plovdiv

Pesiome

MemaboAumHuam cuHgpom (MC) gockopo e
pa3aaexgaH kamo 3aboanBaHe Ha 3parama 6b3-
pacm. pe3 nocaegHumMe 20guHu, obadve, u npu ge-
ua u toHowu 3adecmaBam 3aboaaBaHua kKamo 3am-
AbcmaBaHe, 3axapeH guabem mun 2 u npeguabem-
HU CbCMOAHUA, apmepuaAHa XunepmoHus, gucAaunu-
gemusn, koumo ca komnoHeHmu Ha MC. INo Bpeme Ha
pacmexa u pazBumuemo geuama u loHoWUMe npe-
muHaBam npe3 u3pazeHu PU3UOAO2UYHU NPOMEHU,
nopagu Koemo e mpygHo ga ce nocmafam mouHu
Kpumepuu 3a Haaudyue Ha MC. OmKAaoHeHUEMO Ha
onpegeAeHU aHMpPONOMeMPUYHU U BUOXUMUYHU NO-
Kazameau om Hopmama ce u3zBbpwba Ha 6a3ama Ha
nepceHmuau, 3aBucewu om Bv3pacmma u noaa. B
cbomBemcmBue ¢ moBa, koHceHcyc Ha MeXkgyHa-
pogHama Auabemua egepauua (IDF) om 2007 .
gedouHupa 3agbAkumereH kpumepud 3a MC 6
gemcko-toHowecka Bb3pacm yBeauuyeHa obukoaka
Ha maAuama Hag 90-Mu nepceHMUA U HaAUu4vue Ha no-
He 2 om 4Mme omkAoHeHua: mpuaauuepugu (TI) Hag
95-mu nepceHmua; HDL-xorecmepoa nog 5™Y nep-
CEeHMUA; CUCMOAHO UAU gUACMOAHO apmepuasHo
HaAfzaHe Hag 95 MU nepceHMUA; HAMaAeH 2AI0KO3€eH
moaepaHc. BuB Bb3zpacmma Hag 16 2. mo2am ga ce
uznoa3zBam kpumepuume Ha IDF 3a MC, BaaugHu 3a
Auuama 6 3pasa Bvzpacm. PagnpocmpaHeHuemo Ha
MC 8 gemcka u toHowecka Bb3pacm npozpecuBHo
HapacmBa, koemo ce gbAXu OcHOBHO Ha He3gpa-
BocroBHua HauuH Ha xuBom B pamkume Ha cbBpe-
meHHomo obwecmBo. Heobxoguma e ueaeHacoue-
Ha cmpamezus 3a oueHKa Ha puckoBume akmopu
3a pazBumue Ha MC 6 ma3zu Bvb3zpacmoBa 2pyna,
Npeyu3HoO guazHocmuuupaHe u AedeHue Ha Bcuuku

Abstract

Metabolic syndrome (MS) was considered
as a disease of adulthood until recently. At pres-
ent, however, disorders such as obesity, type 2
diabetes mellitus and prediabetic conditions, arte-
rial hypertension, dyslipidaemia, that are all com-
ponents of MS are becoming more common in
children and adolescents. During the growth and
development the children and adolescents under-
go pronounced physiological changes, so it is dif-
ficult to establish precise criteria for the presence
of MS. The deviation of certain anthropometric
and biochemical parameters from the norm is
based on percentiles, that depend on age and
gender. In relation to this, a consensus statement
of the International Diabetes Federation (IDF) in
2007 defined an obligatory criterion for MS in
children and adolescents an increased waist cir-
cumference above the 90t percentile and pres-
ence of at least 2 of the following 4 alterations:
triglycerides (TG) above the 95th percentile; HDL-
cholesterol below the 5t percentile; systolic or
diastolic blood pressure above the 95t per-
centile; impaired glucose tolerance. In children
over 16 years of age the IDF criteria for MS, which
are valid for individuals in adulthood, can be used.
The prevalence of MS in children and adolescents
is gradually rising, mainly due to the unhealthy
lifestyle in the modern society. A targeted strategy
to assess risk factors for the development of MS in
this age group is needed as well as an accurate
diagnosis and treatment of all components of the
syndrome in order to prevent complications and
associated diseases in later life.
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INMemsg KoHcynoBa u compygHuyu

KOMNOHEHMU C 02Aeg NPOPUAAKMUKA HA YCAOXKHE-
Hua U acouuupaHu 3aboanBaHua 6 no-kbcHa Bb3-
pacm.

KaroyoBu gymu:

Key words:

memaboAumeH cuHgpom, 3amabemaBaHe, gemcko-
toHowecka Bb3pacm

metabolic syndrome, obesity; childhood, adoles-
cence

BbvBegeHue

Memaboaumtuam cuHgpom (MC) gockopo e
pa3aaexxgaH kamo 3aboaaBare Ha 3parama Bv3pacm.
HapacmBawomo paznpocmpaHeHue Ha HagHOpme-
HOMO me2A0 U 3amabcmaBaHemo cpeg geuama u
loHowume, obaue, Bogu go noaBa Ha peguua 3aboaa-
BaHus, xapakmepHu 3a 3parama Bb3pacm - 3axapeH
guabem mun 2 u npeguabemHu CbCmoAHUA, apme-
puaAHa XunepmoHusa, gucAunugemus, Xunepypuke-
mua, koumo ce aBaBam komnoHeHmu Ha MC. Yec-
momama Ha MC e cBbp3aHa cbc cmeneHma Ha 3am-
AbcmaBaHemo u Bb3au3a Ha 38,7% npu ymepeHo u
Ha 49,7% npu BucokocmeneHHo 3amabcmaBane (1,
2). B gonbaHeHue, cmeneHma Ha 3amabcmaBaHe
BarowaBa Bceku eguH om komnoHeHmume Ha MC,
HezaBucumo om Bb3pacm, noa u nybepmemeH cma-
guu. Peguua npoyuBarua gokazBam, ye pa3zBuao ce
npe3 gemckume u IHOWeCKUMe 20guHU, 3aMAbCMA-
Banemo cbc cBoume memaboAUMHU YCAOXKHEHUS
nepcucmupa u 8 3parama Bv3pacm (3, 4). Mo-uecmo
3a gemckama nonyaauusa ce u3znoa3Ba mepmuHbm
,CBpbxmeano”, 3a ga ce uzbezHe He2camuBHuam
epekm Ha mepmuHa ,3amabcmabBaHe”.

Tv0 kamo no Bpeme Ha pacmexka u pazBumuemo
Cu geuama u loHowume npemuHaBam npes uzpazeHu
(PU3UOAO2UYHU NPOMEHU, KOUMO No-wupoko Bapu-
pam B cpaBHeHue cbc 3parama Bb3pacm, omkKAoHe-
HUEMO Ha gageH noka3zameA om Hopmama ce u3Bup-
wBa Ha 6azama Ha nepceHmuau, 3aBucewu om B6b3-
pacmma u noaa. V3mepeHume aHmponomempuyHu
nokazameau - pbCm, Me2A0, UHJEKC HAa meAecHama
maca (MITM=meezro (ke)/pbcm (m)?), 0bukoAKa Ha ma-
Auama u gp. ce cpaBuaBam cvc cvbomBemuHume
cmaHgapmu u pacmexHu KpuBu u mabauuu. Hag-
HOpMeHOMO mezAo ce gedpuHupa ype3 VITM mexgy
85-mu u 95-mu nepceHmua 3a cbomBemuama 6b3-
pacm u noA, cbomBemcmBaw, Ha TM mexxgy 25-
29,99 kg/m? npu Bb3pacmHu, a npu I'TM >95-mu nep-
ceHMuA ce npuema 3amabcmaBaHe, kKoemo cbom-
BemcBa Ha ITM om 30 kg/m?*. 3a bbazapua om 2009
2. uma u3pabomeHu HauyuoHaaHu Hopmu (5). Bcako
egHo noBuwabBaHe Ha VITM npu geua u nogpacmBa-
wu ¢ 0,5 k2/m? e cBvp3aHo ¢ yBeauuaBare Ha pucka
om MC c 50%.

AedpuHupaHe Ha MemaboAumHug cuHgpom
B gemcko-loHoweckama Bbv3pacm

[Mpe3 2005 2. MexgyHapogHama AuabemHa
Megepauus (IDF) nybaukyBa gedpuHuyuama cu 3a Ha-
Auyue Ha MC npu Bb3pacmuu uHguBugu, ¢ koemo
6axa yHupuyupaHu guazHOCMUYHUME Kpumepuu 3a
ueAaua cBam u KoAMO NocAYKU Kamo 6a3a 3a peaaHa
OUEeHKa Ha Yecmomama u paznpocmpaHeHuUemo Ha
cuHgpoma (6). Ho, no omHoweHue memaboaumHusn
pUCK NpU geua u loHoWU gbAa2o Bpeme gaHHUMe OC-
maBaxa pa3HoOpogHU U ce pa3zaudaBaxa mexkgy om-
geaHume npoyuBaHua, mbl Kamo oueHkama ob6uK-
HoBeHo e u3BbpwBaHa Ha 6a3za KoOHCmMeaauua om
pa3AudHU No BeAudyuHa OMKAOHEHUA.

Mho20 npomeHauBu ca uznoa3zBaHu 3a xapakmepu-
3upaHe Ha 3amabcmaBaHemo npu geuama. Bvnpeku
moBa, obukoAkama Ha maauama npu max, Kakmo u
npu Bb3pacmHume, e gokazaH HezaBucum npeguk-
mop 3a pazBumue Ha uHcyauHoBa pesucmeHmHocm,
3a npomaHa B HuBama Ha Aunugume u Ha apmepuans-
HOMO HaafeaHe, Bcuyku om KOUMO ca KOMNOHeHMuU
Ha MC (1, 7). B gonbAHeHuUe, npu geua u IoHOWU C Hag-
HOpPMEHO Me2A0 Ha (poHa Ha cxogeH VITM e HamepeHa
no-Hucka uHcyauHoBa uyBcmBumeaHocm npu mesu ¢
no-2oAamo koaudecmBo BucuepasHa macmHa mbkaH -
HampynBaHe Ha mazHuHU B KopemHama cmeHa (7).

C o2aeg 20peu3roxxeHomo npe3 2007 2. IDF (8) 68
cBol koHceHcyc npegcmabBu gedpuHuuua Ha MC u 3a
gemcko-toHoweckama Bb3pacm, Kbgemo Kamo oc-
HoBeH u 3agbAKumeAeH Kpumepuu ce nocmabBa yBe-
AuyeHama obukoaka Ha maauama (Hag 90-mu nepcen-
muA) B8 cbuemaHue ¢ noHe 2 om 4Me memaboAumHu
OMKAOHEHUA:

1. Tpueauuepugu (TT) Hag 95-MU nepceHMUA;

2. HDL-xoAecmepoA nog 5MU nepceHmua;

3. ApmepuaAHO HaAazaHe Hag 95™u nepceHmMuUA;

4. HapyweH 2Al0K03eH moAepaHC.

Hewo noBeue, 6 koHceHcyca ca ogpopmeHu 3
6v3pacmoBu epynu cnopeg ocobeHocmume 6 nepuo-
gume Ha pacmex u pazBumue (6-9 2oguHu; 10-15 20-
guHu; = 16 20guHU) U KpuMepuume 3a Haaudue Ha MC
ca npeuusupaHu 3a Bcaka om max (Taba. 1) (8). 11 6
mpume Bb3pacmoBu 2pynu abgomuHaAHOMO 3aMABC-
maBaHe, onpegeAaeHO Kamo 0OUKOAKA Ha maAusma
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>90 nepceHmuA om cbomBemHama Hopma 3a 6b3-
pacmma u noAa, e onpegeraw,o ycroBue 3a nocma-
BaHe Ha guazHo3za MC. Aeuama nog 6-20guwHa 6b3-
pacm ca u3kAlouYeHU om gedpuHuUUAMa nopagu Aun-
cama Ha gocmambyHo gaHHu 8 mazu Bb3pacmoBa
2pyna. B cregBawama Bv3pacmoBa 2pyna mexgy 6
u 10 2oguwHa Bb3pacm HAMa MOYHU Kpumepuu 3a
MC. Tpu Haauvue Ha abgomuHaaHO 3amAbcmaBaHe
u pamuAaHa obpemeHeHOCM C HAKOU OM KOMNOHEH-
mume Ha MC ce npegnpuemam gonbAHUMEAHU U3-

caegBanua. EguH HacouBaw, 3a XunepuHCYAUHU3bM
KAUHUYEH CUHJPOM € akaHmMo3uc Huz2pukaHc. 3a ge-
uama u toHowume mexxgy 10 u 16 2oguwHa 6b3-
pacm 3a oueHka Ha obukoAkama Ha maauama ce u3-
noa3Ba kamo npaz 90 nepceHMuUA, HO Mo2am ga ce
NpuAO>Kam u Hopmume no Noa 3a Bv3pacmHu, ako

ye, gokazBaHemo Ha ma3u B3aumoBpbika Bce owe
nogaexu Ha no-obwupHu npoyyBaHus. Npu egHo npo-
yuBaHe om 2005 2. Balc u comp. uzcaregBam B3au-
moBpb3kama mexkgy paznpegeAeHUemo Ha macmHa-
ma mbkaH u uHcyauHoBama peszucmeHmHocm npu
geua u mMAagexku ¢ HagHopmeHo meaao. Paznpegene-
Huemo Ha abgomuHaAHama macmHa MbKaH e BuAo
onpegeaeHo nocpegcmBom mazHUMEH pe3oHaHC
(MRI). YcmaHoBeHa e acHa kopeAaauua mexgy Hama-
AEHUA 2AIOKO3EH MOAEpaHC U paznpegeseHuemo Ha
KopemHama macmua mbkaH (10). AKo XunepuHCyAu-
Hemuama u uHcyauHoBama pe3ucmeHmHocm ce nos-
B8am owe B gemcka Bb3pacm, mo me gupekmHo ce
aBaBam puckoB akmop 3a noaBama Ha MC (11).
Lauer u Clarke (12) nHamupam 8 cBoe npoyuBaHe,
ye MeAeCHOMO Me2A0 U apmepuarHOmo Hars2aHe

Tabauya 1.
Kpumepuu Ha IDF 3a MC 68 omgeaHume 6v3pacmoBu 2pynu (8).
Bw3pacmoBa O6ukoAka Tpuaauuepugu | HDL-xorecmepoa ApmepuaAHo Kpb6Ha
2pyna Ha maAuama HanAzaHe 3axap
6-9 2. > 90 nepcermun MC He moxe ga 6bge guazHOCMuUUUpaH, HEOOXOgUMU Ca gONbAHUMEAHU U3C-

AegBaHua npu amuaHa obpemeHeHocm ¢ MC, 3A mun 2, gucaunugemus, CC3,

XunepmoHus u/uau 3amabcmsaBate.
2 90 nepceHmuA > 1,7 mmol/I < 1,03 mmol/I cucmoaHo = 130 > 5,6 mmol/I
10-15 2. UAU KaKkmo (= 150 mg/dl) (< 40 mg/dl) UAU gUACMOAHO (= 100 mg/dl) uau
npu Bb3pacmHu > 85 mmHg uzBecmen 3A mun 2
> 94 cm momuema | 21,7 mmol/l < 1,03 mmol/I cucmoaHo 2130 | 25,6 mmol/I
216 2. > 80 cm momudema | (= 150 mg/dl) (< 40 mg/dl) UAU guaCmoAHO (= 100 mg/dl) uau
(kakmo npu | (3a KaBkaska paca) momuema > 85 mmHg uzBecmen 3A mun 2
Bb3pacmHu) < 1,29 mmol/I
(< 50 mg/dl)
momuvema

cmolHoCmume Ha NOCAegHUME ce OKaXkam No-HUC-
Ku. INpu kpwbBHa 3axap = 5,6 mmol/l ce npenopbuBa
u3BupwBaHe Ha opaAeH 2AlOKO30MOAEpaHCeH mecm
(olTT). Hag 16 20guwHa Bb3pacm ce npurazam Hop-
mume 3a Bb3pacmHu, kakmo ca nocoveHu 6 Taba. 1,
Kamo ce cbobpa3aBa u npurazaHemo Ha AeuveHue
NPU HaAUYUE Ha HAKOU OM KOMNOHEHMUME Ha CUHg-
poma. Ako I'TM e >30 kg/m?, ce npuema HaAuuue Ha
ueHmpaaHo 3amabcmaBaHe u He e Heobxogumo ga
ce oueHaBa obukoakama Ha maauama.

KomnoHeHmu Ha memaboAaumeH cuHgpom
B gemcko-ioHoweckama Bb3pacm

AokazaHo e, ue BucuyeparHama macmHa mvkaH
npu Bb3pacmuu ce cBbp3zBa c memaboAUMHU YCAOXK-
HeHus. Taka, nAcowma Ha BucuepasHama macmHa mb-
KaH e B koperauua ¢ KoHueHmpauusma Ha Tl Ha
2AagHo u ¢ HDL-xoaecmepoaa (9). INpu geyama, oba-

(AH) npu gememo/ioHowama ca 6 macHa 63aumo-
Bpv3ka ¢ meaaomo u AH, koumo ce omkpuBam 6
nocaregcmBue npu Hezo B 3para Bb3zpacm. Ferrari u
comp. (13) ycmaroBaBam, ye maagu xopa C HOpMaA-
HU cmouHocmu Ha AH, npu Koumo eguH om pogu-
meAume e C apmepuaAHa XunepmoHua noka3zBam
MeHgeHUUA KbM XUNepuHCYAUHEMUA U gucAunuge-
mua. B egHo aymoncuoHHo npoyuBane e ycmaHoBe-
HO, Ye u npu nogpacmBawume uma Bpb3ka mexgy
AH u amepockAepomuyHUME U3MeHeHUA Ha aopma-
ma u KopoHapHume cbgoBe Ha cvpuemo (14). U gpy-
2u npoyuBaHua gokazBam c HeunBazuBHu memogu
BAuaHuemo Ha AH Bbpxy cbpgeuHo-cbgoBu pucko-
Bu pakmopu, Hanp. npu 3gpaBu maagexxu e Hamepe-
HO, ye gopu Aekomo noBuwaBaHe Ha AH Bv3gelicm-
Ba ompuuameaHo Bbpxy cbgoBume cmpykmypu u
mexHume d¢yHkuuu (15). Peayauparemo Ha AH ce
Baune om pazauuHu pakmopu u nopagu moBa e
MPYgHO ga ce pazeaexkga uzoaupaHo Bv3geticmBue-
MO Ha OMgEeAHU KOMNOHEHMU Kamo Hanpumep
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HagHOPMEHOMO Me2A0 UAU UHcyauHoBama pe3uc-
meHmHocm. Bbnpeku ye yvecmomama Ha uzaBeHama
XUNepmoHUA Npu geyama e OMHOCUMEAHO HUCKa, e
BaxkHo ga ce noguepmae, ye npegBecmHuyu Ha mo-
Ba 3aboanBaHe mo2am MHO20 paHo ga Gbgam goka-
3aHuU U Ye npuyuHume 3a pazBumue Ha XunepmOoHU-
ama npu 6b3pacmHume yecmo mozam ga Gbgam
omkpumu owge 8 nbpBomo uau Bmopomo gecemu-
Aemue om >xuBoma um.

3a cbXKaaeHue KAUHUYHama u3zaBa Ha HeaAKOXOA-
Hama YepHogpobHa cmeamo3a Beve He ce ozpaHuYa-
Ba camo Bbpxy Bb3zpacmtu, a Bce no-uecmo ce guae-
Hocmuuupa npu geua u maagexxu (10). Cmeamo3zHu-
am uepeH gpob, He npuduHeH om noBuweH npuem
Ha aAKoxoA, ce gokazBa exozpadpcku npu 50% om
Bcuuku uzcaegBaHu geua u IOHOWU CbC 3aMABCMA-
BaHe 6 npoyuBare Ha Lehnert, kamo /s om max Be-
ye cmpagam om HeaAKoxoAeH cmeamoxenamum (16).
[NoHacmoAawem HeaAKoXxoAHama vYepHogpobHa cmea-
mo3a e Hal-yecmama npuduHa 3a pazBumue Ha uu-
po3a npu geua u 3a yepHogpobHa MpaHcnAaHmauus
npu Bv3pacmuu 68 CALLL (10, 16).

B gemcko-toHowecka, kakmo u 6 3para Bb3pacm,
napaAeAHo C munuvHume uHgukamopu 3a MC om
3HaueHUe Kamo MapKepu 3a No-KbCeH CbpgeyHO-Cb-
goB puck ca u HuBama Ha CpeakmuBeH npomeuH
(hsCRP), uHmepaeBkuH 6 (IL-6), agunoyumokuHume.
Taka, npu no-BucokocmeneHHo 3amabcmaBate
hsCRP u IL-6 ca 3HauumeaHo yBeauyeHu, a agunoHek-
MUHbLM - 3HaYuMeAHO noHuxkeH B npoyuBaHe Ha
Weiss u comp. (17) npu nogpacmBawu cbC 3amAbC-
maBare. Kamo uaro e gokazaHo, ue Guomapkepu 3a
noBuweH puck om cbpgeuHo-cbgoBu 3aboanBaHua
ce omkpuBam owe 6 gemcka 6v3pacm (17).

Yecmoma u pasnpocmpaHeHue Ha memaboAaum-

Hus cuHgpom B gemcko-loHoweckama Bbv3pacm

bauzo 39% om geuama c ymepeHa cmeneH Ha
3amabcmaBarHe umam MC, kamo HezoBama yecmo-
ma HapacmBa go 50% npu me3u ¢ mexka cmeneH,
nokazBam ganHume om npoyuBaHemo Ha Weiss u
cbmp., obxBaHaro 439 nogpacmBawu cbc 3amMAbC-
maBane. MC e 6ua gedpuHupaH om me3u aBmopu Ka-
mo HaAaudue Ha 3 uau noBeue om caegHume Kpume-
puu - I'TM Hag 9742 nepceHmun, HuBa Ha mpueauue-
pugu Hag 954" nepceHMUA, CMOUHOCMU HA AUNONPO-
meuHu ¢ Bucoka nabmuocm (HDL-C) nog 5-ua nep-
CeHMUA, CUCMOAHO U/UAU gUAaCMOAHO HaAf_aHe Hag
95-ua nepceHmuAa om cbomBemHume Bb3pacmoBu
HOPMU U HapyweH 2AK0KO3eH moaepaHc (17).

MC ce omkpuBa 8 4,2% om roHoweckama nony-
Aauyua 6 CALLL, kamo HeaoBoma yecmoma ce yBeau-
yaBa go 29% 6 epynama ¢ HagHOPMEHO Me2A0, CNO-
peg pezyamamume om gpyzo uzcregBane. HezoBu-

me aBmopu ca uznoa3zBaau cregHUMeE Kpumepuu 3a
memaboaumeH cuHgpom: KpbBHa 3axap Ha 2AagHo
Hag 6,1 mmol/l, mpuaauyepugu Hag 1,2 mmol/l, HDL-
C nog 1,0 mmol/l, obukoaka Ha maauama Hag 90-us
nepceHMuA U CMOUHOCMU Ha apmepuaAHOMO HaAa-
2aHe Hag 95" nepceHMUA 3a cbomBemHume NoA u
Bv3pacm (18).

Y Hac no gaHHu Ha MuHucmepcmBo Ha 3gpabe-
ona3zBaHemo om 2004 2. 666 Bvzpacmma go 18 a.
yecmomama Ha HagHopmeHomMo me2Ao e 13,9%, a Ha
3amabcmaBademo - 4,9%. Cnopeg npoyuBaHe Ha
BaaxoBa u comp. MC e paznpocmpaten cpeg 53,1%
om u3caegBaHu 165 geua cbc 3amabcmaBare Ha
Bb3pacm mexgy 3 u 18 2. (19). 3a nocmaBaHemo Ha
guazHO3ama e NpuAoXKeHo onpegeaeHuemo Ha IDF
om 2007 2. u ca uznoa3zBaHu 6bAa2apckume HOpMU 3a
NTM Ha H. CmaHumupoBa (5). Mo omHoweHue obu-
KOAKama Ha maaAuama cbwo ca uzpabomenu u BoBe-
geHu GbAazapcku Hopmu (nepceHmuaHu kpuBu) B6b3
ocHoBa obwupHu npoyuBarua Ha B. MomoBa u C.
laayeBa npu geya om 6 go 18 2. (20). bagupadku ca
Ha 6bAa2apckume Hopmu npu obcaegBaHe Ha geua 6
yuuauwHa Bov3pacm (6-18 2.) 666 BapHeHcka ob6aacm
3a nepuoga 2002-2007 2. e HamepeHa Yyecmoma Ha
HagHOpmMeHO meaAao 28,9%, Ha 3amabcmaBane -
8,5%, Ha MC - 5,8% (21). B 3agbAboueHume cu aHa-
AU3U Hawume u3zcaegoBameau omkpuBam mpeBoyk-
Hu cpakmu: MITM 3a 6bAa2apcku 2pagcku geua Ha Bb3-
pacm om 3 go 18 2. nokazBa 3Hauumo yBeauueHue 6
cpegHume CmoUHOCMU U cmoUHOCMuUme Hag cpeg-
Hama, ocobeHo B no-mankama Bb3pacm, Kamo Ha-
nbAHO u3ue3Ba cnagbm Ha UITM, xapakmepeH 8 no-
paHHu npoyyBarua 3a Bb3pacmma 3-6 2.; obukoAKa-
ma Ha maauama noka3Ba pazko yBeauueHue 6 nep-
ceHmuAHume cmolHocmu u 3a gBama noaa owge
cAeg 4 2oguwHa Bb3pacm, Kamo no-cmpbmHo e yBe-
AUYeHUEMO Hag meguaHama (50-mu nepceHmMuA); npu
geua B npegyuuauwHa Bb3zpacm (3-6 20g.) e HaAuue
meHgeHUua Kbm 3adecmaBaHe Ha HagHOPMEHOMO
meaaro (13,2%) u 3amabecmaBaHemo (6,2%), cuzHu-
pukaHMHa npu Mmomyema; 3a nepuog om 16 2. (1992-
2007 2.) yecmomama Ha gemckomo 3amAbcmaBare
6 npegnybepmemua Bb3pacm y Hac ce e ympouaa, a
cpegHama macmHa maca ce e yBeauuuaa c 8% 8 noc-
AegHume 6 2. (20, 21).

C no-wupokomo BbBeskgaHe Ha Beue yHudpuuupa-
HumMe Kpumepuu 3a guaeHo3a Ha MC 6 gemcko-toHo-
wecka Bv3pacm we 6bge npegcmabeHa peaaucmuu-
Ha ougHka Ha Yyecmomama u paznpocmpaHeHuemo
My, Kamo ce omuyemam pacoBu u emHu4Yecku pazAu-
yua, aHaA02UYHO Ha gokazaHume B 3paaa Bv3zpacm.
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PuckoBu ¢pakmopu 3a pasBumue Ha memaboau-
meH cuHgpom B gemcko-loHowecka Bb3pacm

leHemu4Hu ¢hakmopu

B 2eHemuuHu enugemuoao2uuHu npoyyBaHua ca
ycmaHoBeHu gokazameacmBa 3a HacaegcmBeHocm
NO OMHOWeHUe HagHOPMEHOMO MEe2A0 Npu geua -
POgUMEACKOMO HagHOPMEHO me2A0 e cbwecmBer
pakmop 3a pazBumue Ha gemckomo HagHOPMEHO
mezAao0. Aopu me2aomo npu paxkgaHe okoao 30 % ce
yHacaegaBa 2eHemuuHo (22). B npoyuBaHusa 3a Bpb3-
Kama MeXxgy 2eHume, HavuHa Ha »kuBom u HagHop-
MeHomo mezao ce Buyga, e edpekmbm Ha 3aroxe-
HUMe 2eHU MOXe upe3 mogeaa Ha noBegeHue ga ce
ycuau u ga 6bge noHwkeH (22). Apyau BaxHu dpak-
mopu, koumo umam Bv3geticmBue Bbpxy yBeauue-
HOMO MeAEeCHO Me2A0 U Ca NOGUUHEHU Ha 2eHemuy-
Hu BAuAHUSA, ca pa3npegeAeHUEeMo Ha MacmHama Mmb-
KaH, pa3zpaxkgaHemo Ha mazHuHume, cbcmaBbm Ha
MYCKyAUMeE, XpaHumeaHama mepmozeHe3a, gBuza-
meAHama akmuBHocm, uHcyauHoBama uyBcmBu-
meAHocm u HuBomo Ha AenmuHa (23).

CoyuanHu ¢pakmopu

Worobey u comp. (24) 6 npoyuBaHe Bvpxy 96
2pynu Ha maliku C geua om CouuaAHoO caabu cemelic-
mBa ycmanoBaBam, uye no-maakama uyBcmBumen-
HOCM Ha mMadkume CNPAMO CU2HaAUME Ha 2Aag Ha
Kbpmademama u yecmomama Ha xpaHeHuama 6 nop-
Bama 2oguHa om >uBoma Ha geuama Bogam go
6bp30 nokauyBaHe Ha MEAECHOMO Me2A0, KOEMO e
cBvp3aHo cbCc 3amabcmaBaHe Ha no-KbceH eman
(24). 3a uzacHaBaHe Bpb3kama mexxgy KbpmeHemo u
HagHOpMeHOMo mez2Aao B nocaegHumMe 20guUHU uMa
peguua npoyuBaHus. Pe3yamamume ca pazHopogHu,
HOo noBeuemo npoyuBaHua gokazBam noao>kumen-
Homo BAusHUe Ha KbpmeHemo Bbpxy peayaupaHe Ha
meAecHomMo mezao  (25). YemaHoBeHo e, ye KoAKo-
MO NO-NPOgbAXKUMEAEH € NEepuogbm Ha KbpMmeHe,
moAkoBa No-MaAbk € puckbm om HagHOPMEHO mee-
A0 U 3amabcmaBaHe B panHa Bb3pacm. o maszu
NpuUYUHa KbPMEHEMO MOXE ga ce npuemMe Kamo
npegnaszBaw, pakmop cpewy pazBumuemo Ha Hag-
HOpMeHO me2A0 u 3amabcmaBaHe npu geuama (26).
Huckomo cbgbpykaHue Ha 6eambuu 8 matyuHomo
mAaKo B cpaBHeHue ¢ aganmupaHume mAeka ModKe
ga e caegBawama npuduHa, nopagu Kosmo mo ga
npegna3zBa om nosBama Ha HagHOPMEHO MeE2A0 U
3amabcmaBaHe. MaluuHOMO MAAKO Cbgbpyka U cue-
HaAHU MOAEKUAU, KOUMO ca UuHXubumopu no omHo-
weHue Ha obesumema. Ype3 KbpmeHemo no-gobpe
ce peayAupa u npuembm Ha xpaHa (25).

Dakmopu, c6vp3aHu ¢ Ha4uHa Ha xuBom -
,agunozeHeH” oKkoAeH c6am

ToBa noHamue ce cBbp3Ba ¢ npomeHume B 006-
wecmBomo no omHoweHue ycaoBuama u HayuHa Ha
»uBom, koumo ce ompazaBam HeeamuBHo Bbpxy
3gpaBemo Ha geuama u roHowume. 3a noHAMUEMo,
,HauuH Ha >xuBom’ He cvbwecmByBa egHopogHa ge-
puHuyua. Had-o6wo HauuHbm Ha >xuBom ce onpe-
geAqa Kamo omHocumeAHo cmabuaeH, pegoBHo noB-
mapsaw, ce obpazeu, Ha exxegHeBHuemo. Kvm Bb3-
MO>KHUME NpuYuHU 3a noaBama Ha MC ce omHacam
noBegeHuecku akmopu kamo He3gpaBocaoBHo
xpaHeHe ¢ BucokokaropuvHu u npepabomeHu xpaHu,
Aunca Ha gBuzameaHa akmuBHocm, cmpec, ynompe-
6a Ha aAkOXOoA U uu2apu (27).

OcHoBume Ha xpaHumeaHume HaBuuu ce nocma-
Bam owe 6 paHHa gemcka Bb3pacm. Pogumeaume
CAY>Kam Kamo mogea 3a nogpaxkaHue (28). Aopu owe
no Bpeme Ha BbmpeympobHua >xuBom demycobm
Bb3npuema pazauuHume BkycoBe. Tol kamo B yo-
Bewkama eBoaouun npexxuBaBaremo e 6uro om oc-
HoBHO 3HaueHue, kamo BkycoBu npegnovumaHua ca
3aAez2HaAu xpaHumeaHu BewecmBa ¢ Bucoka eHep-
2ulHa nabmuocm. EgHa BpogeHa @u3uoro2uyHa
npegnocmabka e m.Hap., ,E¢pekm Ha apcusa”. Cno-
peg Hez2o xpaHumeaHu BewecmBa, koumo ce cBbp3-
Bam c Aow cnomeH (Hanp. noBpbwaHe) gbaz2o Bpeme
ce uzbazBam. Aeuama u3z6a28am u Heno3zHamu Ha
Bkyc npogykmu, kamo camo 668 Bb3zpacmma 4-6
mec. npuemam BcakakBa xpaHa, kakBamo um ce npeg-
AOXU. 3a pazAuka om mo3u nepuog, nepuogbm om
1-1.5 2. go Bpememo 3a nocmbnBaHe B gemcka epa-
guHa ce pa3zBuBam mHO20 omkazu om Heno3jHama
xpaHa (Heopobusn) (29). Ako Ha egHO geme ce npeg-
AOXKU HOBa, Heno3Hama xpaHa B npogbaxeHue Ha 8-
10 gHu, nbpBoHauaaHo mo omkazBa ga a npueme, HO
nocmeneHHo ce npucnocobaBa kom Hea. Cb3gaBaHe-
mo Ha 3gpaBocaoBHu HaBuuu 3a xpaHeHe 6 cemelc-
mBomo 6 mo3u nepuog e eceHUuaaHO - geuama
mexgy T u 4 2oguwHa Bv3pacm 2 nbmu no-vyecmo
npuemam HoBume XpaHu, ako pogumeAaume 2u KOH-
cymupam, u me3u HaBuuu ocmaBam mpadHu 6 no-
KbcHa Bb3pacm (28, 29).

Bb6 pazama Ha nybepmema vecmo ce cmuza go
HapywaBaHe Ha cb3gageHume cemelHU XpaHUMEAHU
pumyaau. Aopu npu 3gpaBocroBHo xpareHe 6 ce-
metcmBomo, npuopumem umam gpyau hakmopu Ha
OKOAHaMa cpega - NpPuUAMeAU, YyyuAuwe, meguu, UH-
mepHem u np. Cb3zgaBam ce npegnovyumaHua Kbm
,0bp30 xpaHere” (fast food) ¢ kapmogeH yunc, cHak-
coBe, cragkuwiu, wokoragoBu u3zgeausn, KOKa-KoAa u
2azupaHu Hanumku. ToBa e m.Hap 2eHepauua , Yunc”
cnopeg Frohlich u Finsterer (30). TakoBa xpaHeHe e
Bug npomuBonocmaBaHe, xapakmepHo 3a nybep-
memHua Nepuog, cAeg KOemo MHO20 KOHOWU OMHO-
B0 ce 3aBpbwam kbm cemelHume mpaguuuu (28).

Boynton-Jarrett u comp. (31) 8 o6wupHO 19-me-
ceuHo npocnekmuBHo npoyuBaHe Bbpxy 548 yueHu-
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lMemga KoHcyaoBa u compygHuyu

ka Ha Bb3pacm 11-12 2. 8 Amepuka ca HabaogaBaau
Bb3getcmBuemo Ha npekapaHume yacoBe c aaega-
He Ha meaeBu3zua Bbpxy Npuema Ha 3eaeHYyuU U NAO-
goBe. YcmanoBeHo e, ue ¢ Bceku gonbAHUMeEAeH 1
yac, npekapax npeg meaeBu3op, cnaga npuembm Ha
3eaeHuykoBu u naogoBu xpaHu 6 peyamam 3amaHa-
ma um ¢ npegcmaBerume B8 pekramume xpaHu (31).
Ype3 ekpaHa geuama Bb3npuemam mHoxecmBo He-
3gpaBocaoBHu nocaaHua. MHO20 uHMepecHU ca pe-
3yamamume om npoyuBane Ha C. FaaueBa u comp.
(32) omHocHO u3zaazaHemo Ha GbA2apckume geua Ha
XpaHUMeAHU peKkAamu Ype3 ecpupa Ha Hal-4yecmo 2ae-
gaHume meaAeBu3zuoHHU npozpamu y Hac (2007 2.).
AHaAuzbm Ha pekaamume noka3Ba, ve ako geuama
2aegam meaeBusua cpegHo no 2 4. Ha geH, me ca u3-
AOXeHU Ha BAU30 6 xpaHumeAHu pexkaamu gHeBHO,
42 pekaamu cegmuyHo U 2190 pekramu 3a 1 2. Io-
MaAKama cpegHa NPOgbAXKUMEAHOCM Ha XpaHUumeA-
Hama pekAaama (23,617,3 cek. cpewy 29,5+25,3 cek.
3a HexpaHumeaHume, P=0,043) uma 3a ncuxoao2u-
yecku pe3zyamam ,no-recHo” BHyweHue. [Moumu
Bcuyku 3anucaHu XpaHUMeAHU pekaamu ce okazBam
6 npomuBopeuue ¢ Hacmoawume GbA2apcku Npeno-
pbku 3a 3gpaBocaoBHo u GaraHcupaHo xpaHeHe 6
gemcka Bb3pacm (32).

MNoHuykeHama uau AuncBawa gBuzamesHa akmu6-
HOCm e Hal-2oAemuam puckoB gpakmop 3a HagHop-
meHo meaao u B8 nocregcmBue - 3a pazBumue Ha
MC (28, 33). Hecmo nbmu mo3u HauuH Ha >kuBom
3anouBa owe 6 gemcmBomo u npogbaxkaBa go 3ps-
Aa Bb3pacm (34). B egHo npoyuBare 8 FepmaHus, 06-
xBawawo 1500 yueHuuu e ycmanoBexo, ve 1/, om
geuama He uzpaam HaBbH noBeve om BegHbXK ceg-
MuyHo (27). Om toHowu mexgy 15 u 18 20g. 3a 2004
2. B npoyuBaHe Ha Graf u Holtz camo 40% om momu-
yemama u 60% om momuyemama ca cnopmyBaau pe-
goBHo (35). AaHHU om peguua npoyuBaHua couyam,
ye MOmMopHama cnocobHOCM Ha geuama u OHOWU-
me e HamaAaAa 3a NnocaegHume 25 20gUHU C OKOAO
10% (25). ®umHec-ueHmpoBeme mo2am ga ce noce-
waBam om Bb3pacmHu C HAGHOPMEHO ME2AO U 3a-
mabcmaBaHe, HO Npu geyama u HOWUMe cumyauu-
ama e pa3AuvHa - Npu HagHOPMEHO Me2A0, me om-
kazBam BcakakBu cnopmuu akmuBHocmu, Had-Beue
nybauuHu. CwbaaacHo npoyuBaHe Ha Robinson (36)
2aegaHemo Ha meaeBuzua 6aazonpuamcemBa noaBa-
ma Ha HagHOPMEHO Me2A0, KOEMO € A02UYHO, HO 00-
pamHomo aBaeHue cbwo e BarugHO - UMEHHO NbA-
HUMe geua Nopagu HagHOPMEHOMO CU MEe2A0 Npe-
kapBam noBeue Bpeme npeg TB npuemHuuume,
Bmecmo ga cnopmyBam (27, 36).

Tromiononywernemo npegcmaBaaBa oz2pomeH 3gpa-
BocroBeH npobaem 3a geyama, KOUMO YECMO ca NpPu-
HygeHu nacuBHo ga noemam miomioHe8 gum. Om gpy-
2a cmpaHa miomioHonyweHemo B3ema 3acmpawiu-
meaHu pazmepu Bcpeg toHowume. Pesyamamume om

npocnekmuBHo npoyuBaHe Bb68 DuHAaaHgua nokaz-
Bam, ue oHowu, koumo akmuBHO uAu nacuBHo noe-
mam miomioHe8 gum, umam no-Bucok puck om pazBu-
muemo Ha 3A mun 2 8 cpaBHeHue ¢ Henywauu (37).

Apyz npobaem 6 gemcko-toHoweckama Bb3-
pacm, Bogew, go noBuweH puck om pa3zBumue Ha
MC e HegocmamwbyHUAM CBH - NOCAEgUUA OM KOM-
naekcHama npomsaHa 6 cbBpemeHHuUA HauuH Ha >Ku-
Bom. Kreis u comp. 8 npoyuBaHe npu 6862 geua Ha
Bb3pacm 5-6 2. B FepmaHua ycmanoBaBam, ye paz-
npocmpaHeHuemo Ha 3amabcmaBaHemo HamaaaBa
Npu no-gbA2ompaeH CbH (38).

3akAloyeHue

TpeBoxkeH e pakmbm, ye B8 cbBpemeHHOMO 06-
wecmBo, HapacmBa gaabm Ha geuama u loHowume,
koumo 6 pe3yamam Ha He3gpaBocroBeH HauuH Ha
»>kuBom nokauBam meaecHomo cu mez2ao u pa3zBu-
Bam MC. Beue uma yHuuuuUpaHU gua2HOCMUYHU
Kpumepuu 3a Haauduemo my 6 pazauuHume Bov3pac-
moBu epynu. 3gpaBocroBHuam pexkum, BrarouBauw,
HaraHcupaHa guema u nogxogawa u3uvecka ak-
muBHocm, mpabBa ga 6bgam ocHoBHa uea, Kbm KO-
AMO ga ce cmpemam geuama u loHowume ¢ HagHop-
MeHO mez2a0. MHO20 yecmo 3ana3zBaHemo u noggbp-
>KaHemo Ha me2A0mo ca gocmambyHu 3a HamaraBa-
He Ha VITM nopagu hakma, ye npouecume Ha pac-
me>X npogbaxkaBam u He e gocmuzHam KpaldHuam
pbcm. B peguua npoyuBaHusa ce goka3Ba, ue npome-
Hume B HayuHa Ha >kuBom mozam ga npegomBpa-
mam noaBama u pazBumuemo Ha memaboaumeH
CUHgPOM, a paHHOomMo omkpuBaHe u AedeHue Ha om-
geAHume My KOMNOHEHMU peaAu3upa 3HaYUMU NOA-
3U N0 OMHOWeHUE Ha CbpgedHo-cbgoBume puckoBu
pakmopu B no-kbcHa Bv3zpacm.
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SGLT2 unxubumopume - HoB nogxog B AedyeHuemo Ha 3axapHug guabem

KameHo6, 3gpabko A.
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SGLT2-inhibitors — New Approach in the Treatment of Diabetes

Kamenov, Zdravko A.

Clinic of Endocrinology, ,Alexandrovska” University Hospital, Medical University, Sofia

Pe3iome

PaznpocmpaHeHuemo Ha 3axapeH guabem (3A)
u no-cnevuaaHo mun 2 (3A2) gobu naHgemuueH xa-
pakmep U HaAoXKu mobuauzauuama Ha 02poMeH Hay-
YyeH nomeHuuar B8 mbpceHe Ha onmumaAHUu mepa-
neBmuuHu nogxogu ¢ o2Aeg HamaaaBaHe Ha uHguBu-
gyaAHama u couuarHama mexecm Ha 6oaecmma.
bugelku namoaozuveH npouec 666 Bcuuku opaaHu
u cucmemu, 3A uma cAOXKHaA NnamozeHes3a, KoAmo Ha-
Aaza (1) mbpceHemo Ha Bce no-HoBu npuHUUNU Ha
AEYEHUE,HACOYEHU Cpewy pa3AaudHume acnekmu 8
pa3zHoobpazHama 6orecmHa cmpykmypa u (2) npu-
AO>KEHUE Ha KOMBUHAUUU OM MeguKkameHmu ¢ pa3au-
YeH NPOUA, 32 ga MOXKE MaKCUMAAHO WUPOKO ga ce
nokKpue namoz2eHemuyHUA CNekMbp.

VHxubumopume Ha HampueBo-2Al0Ko3HUA KO-
mpaxcnopmep 2 (SGLT2) ca Hal-HoBusm mepane6B-
muyeH npuHuun, koimo Baese B apceHasa 3a Aeue-
Hue Ha 3A2. Te 6Aokupam obpamHama pe3opbuun
Ha 2AloKo3a 8 npokcumaaHume mybyau Ha 6b0Opeka,
Bogeliku ga 3azyba Ha no-2oAamo KoaudecmBo 2ato-
KO3a C ypuHama u HamaaeHue Ha HuBama G B kpbB-
ma. To3u mexaHu3bm Ha gelicmBue e npuHUUNHO
pa3audeH om Bcuuku, ¢ KOUMO pa3noAazaxme go ce-
2a 3a AedeHue Ha guabema u gaBa HAKOAKO Cbuie-
cmBeHu npegumcmBa: HezaBucum om uHCYAuHa U
Cu2ypeH 2AKo30-noHukaBaw, edpekm, moaepaHm-
HOCM KbM Npakmuyecku Bcudku wupoko uznoa3Ba-
HU guabemHu AekapcmBa, MaAKO cucmemHu cmpa-
HUYHU epekmu, HUCBK PUCK OM XUNO2AUKEMUU U NO-
BuwaBare Ha meaaomo u gp.. Om uzBecmHume no-
HacmoAawemM CmpaHUYHU epekmu MoXKe ga ce om-
beaexku noBuwabaHe Ha yecmomama Ha 2eHuman-
HUME UH(EKUUU NPegumHO Npu >keHume. Bcuuku
me3u kavecmBa npaBam SGLT2 - uHxubumopume

Abstract

Diabetes mellitus (DM) and especially type 2
(DM2) became an epidemic, requiring the mobi-
lization of tremendous scientific resource in
search of optimal therapeutic approaches aimed
at diminishing the personal and social burden of
the disease. Being a pathological process in all
organs and tissues, DM has a complex pathogen-
esis, which necessitates (1) searching of new ther-
apeutic principles, focused on the different
aspects of the diverse structure of the disease and
(2) implementation of combinations of drugs with
different profile to cover the broad pathogenetic
spectrum of the disease.

The sodium-glucose co-transporter 2 (SGLT2)
inhibitors represent the newest therapeutic class
of drugs approved for the treatment of DM2.
They block the glucose reabsorption in the proxi-
mal kidney tubule resulting in loss of increased
amount of glucose in the urine and decrease of its
blood concentration. This mechanism of action
differs from all principles we already have for the
treatment of diabetes, giving some important
advantages to the new medication group: insulin-
independent and reliable glucose lowering effect,
tolerance to practically all drugs used today, less
systemic side effects, low risk for hypoglycemia
and weight gain, etc. From the currently known
adverse effects, the increase of the genital infec-
tions mostly in female patients should be men-
tioned. All cited features of the SGLT2 inhibitors
promote them as a promising new class of drugs
for the treatment of diabetes.
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eguH obewaBaw, HOB KAac megukameHMU 3a AeueHue-
mo Ha 3axapHua guabem.

KaioyoBu gymu:

3axapeH guabem, 6b0pek, SGLT2-uHxubumopu

Key words:

diabetes mellitus, kidney, SGLT2-inhibitors

,AKO uckaw ga ce nomupuw ¢ npomuBHuka cu, mpabBa ga pabomuw c Hezo, moeaBa mou

mu cmaBa napmHbop.”

CbBpemeHHu u brgewu BramorkHocmu 3a
AeyeHue Ha 3axapeH guabem mun 2

PaznpocmpareHuemo Ha 3axapHua guabem (3A),
u no-cneyuaaHo mun 2 (3A2), gobu naHgemuveH xa-
pakmep U HaAOXU MODBUAU3aUUAMA Ha O2POMEH Hay-
YyeH nomeHyuaa 8 mbpceHe Ha onmumasHu mepane6-
MUYHU NOgxogu ¢ 02Aeg HamaraBaHe Ha uHguBugyan-
Hama u couuaaHama mexxecm Ha 6orecmma. MNoHa-
cmoawem B cBemoBer mawab paznorazame ¢ 13 2py-
Nnu MegukameHMu 3a AedyeHue Ha 3A2, kamo 9 om max
Ca OpaAHU, a ocmaHaAume 4 - UHXXEKUUOHHU.

1. OpaAHu cpegcmBa - 6ueBaHugu, CYT1, 2au-
HUQU, MUa30AUgUHJUOHU, aadda-2AI0KO3Uga3HU UHXU-
6umopu, DPP-4 unxubumopu, SGLT2 uHxubumopu,
cBobp3Bawu >KAbUHUME KUCEAUHU CMOAU, gONamuH-
peuenmopHU a2oHUCMU;

2. UnxekuyuoHHu cpegcmBa - GLP-1 peuen-
mMopHU azoHucmu, YoBewku UHCYAUHU, aHarozoBu
UHCYAUHU, amuAuHoBu aHaro3u.

C u3katoueHue Ha cBbp3Bawu >kAbUYHUME Kuce-
AUHU CMOAU, gONaMUH-peUenmopHU a20HUCMU U amu-
AuHOBU aHaAo3u Bcuuku ocmaHaAu 2pynu mMeguka-
meHmu ce uznoa3zBam u y Hac. VMimalku npegBug 60-
2amama naaumpa om megukameHmu 3a AeveHue Ha
3A2, uzbopbm U MOHUMOpUpPAHEMO Ha AeyeHUemo
my ce npeBpbwa 6 uzkycmBo. Nvcmpomama Ha me-
paneBmuuHama kapmuxa ce yBeauyaBa om Heobxo-
gumocmma uyeAume Ha AedeHuemo ga 6bgam UHgU-
BugyaauzupaHu cnopeg puckoBua NPoguA Ha KOH-
KpemHua nauueHm, kakmo u om Bb3moxkHocmume
3a pazHoobpazHu KombuHaUUU OM pazAuYHU MeguKa-
meHmu. PejoHHo Bb3HukBam Bbnpocume ,A mpab-
Ba Au ga ce mbpcam owe Bv3zmoxkHocmu? He ca au
gocmambyHU HaAUYHUME 2pynu megukameHmu? Ho-
Bume AekapcmBa HaucmuHa Au ca no-gobpu om cma-
pume?” B cBoa aHaau3 Ha ecpekmuBHOCcmma Ha aHmu-
guabemHomo AeveHue npe3 nepuoga 2007-2010 e.
cnpamo 2003-2006 2. S. Casagrande u comp. (2013 2.)
ycmanoBaBam, ue Bbnpeku BbuBexkgaHemo Ha UHK-
pemuH-6a3upaHama mepanua npe3 2006 2., yacmma
om nayueHmume ¢ go6bp 2AUKEMUYEH KOHMPOA HE
ce e yBeauuuna (1).

OmezoBopume Ha me3u Bbnpocu He ca egHO3-

HeacoH MaHgena

HauHU U we 6bgam NnoAyyeHu 3aHanpeg, HO e ACHO,
ye bugeliku namoaozuveH npouec 666 Bcuuku opea-
HU U cucmemu, guabembm uma CAOXKHA hamozeHe3a,
Koamo Hanaza nwvpBo - movpceHe Ha Bce no-HoBu
NPUHUUNU Ha AEYEeHUEe, HACOYEHU Cpewy Pa3AuYHU-
me acnekmu 8 pazHoobpazHama GoaecmHa cmpyk-
mypa u 8mopo - npuAo>KeHue Ha KombBuHauuu om
MegukamMeHmu C pa3AuYeH NPOMUA, 32 ga MOXe Mak-
CUMAAHO WUPOKO ga Ce NoKpue namozeHemuyHun
cnekmbp. Bb3mMOXKHO € UMeHHO Auncama Ha edek-
muBHo KomnaekcHo mepaneBmuuHo npomuBogelcm-
Bue cnpamo Bcuuku namozeHemuyHu nbmuwa - 6
naHkpeaca, yepHua gpob, Myckyaume, macmHama mo-
KaH, Mo3bka, 6b0Opeka, uepBama u m.H. ga e npuuu-
Hama 3a mepaneBmuyHama HU UHcYuUUUEHMHOCM.
3amoBa 68 momeHma akmuBHo ce pabomu Bv68 Bce
noBeue Hacoku 3a mbpceHe Ha HOBU npuHuUNU U
mapz2emHu MOAeKYAU 3a AedeHue Ha 3A2: FFART,
GPR119, yepHogpobHu npomeuru (betatrophin),
FOXO1, aHmazoHucmu Ha 2AtokazoHoBume peuen-
MOopu U 2Al0Ka2oHoBU aHmMazoHUCMU, OKCUHMOMOQY-
AUH, 2AIOKOKUHA3a, 2AI0K030-b-dpochamasza, ppykmo-
30-1,6,-gupochamasa, 2AUKO2eH oCcdopuArasa,
CPT1A (CPT-1), AM®-kunaza, SIRT1, PTPN1 (PTP1B),
FGF21, IKKB-NFkB nvm, IL1B peuenmopHu aHmazo-
Hucmu u aHmumeaAa, HSD11B1 (11B-HSD1, aatoka-
20H u GLP-1 ko-azoHucmu (2).

Bpbwalku ce kbm pearHume Bb3moxxHoCmuU
we 6bge pazeaegaH eguH HOB mepaneBmuueH npuH-
uun, Ha Koimo e 6Ga3jupaHa Had-ckopo HaBaazaama
2pyna megukameHmu - SGLT2 uHxubumopume. Te
ueram npeBpvwaHemo Ha 6bbpeka 6 cbio3HUK B Ae-
YyeHUEmMO Ha Xunepa2aukemuama.

Yyacmue Ha bbbpeka B namozeHezama
Ha 3axapHug guabem

Bb6pekbm BuHazu e 6ua cuumat 3a kepmBa Ha
3A, yBpexxgaH Kakmo om xunepaAuKkemuama, maka u
OMm apmepuaAHama XunepmoHus, gucAunugemuama
u gp. acoyuupaHu cbe 3A pakmopu, HO u BkatouBa-
wa ce BMopuYUHO, cAeg pa3zpbwaHe Ha Hecpponamu-
ama, 6 3agbabouaBaHemo Ha NamMoAo2UYHUA NPOUEC.
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3gpaBko KameHoB

bvbpeyume yyacmBam B koHmpoaa Ha kpbBHama
3axap kamo noBuwaBam HuBama G, ko2zamo ma He
gocmueza u 2u HamaaaBam, kozamo e B noBeue. Te
noBuwaBam 2aukemuama ¢ yd4acmuemo Ha noxe 3
pa3AUYHU MexaHU3Ma:

1. T'ntokoHeozeHe3a; 2. [Aukoz2eHoAU33;
3. ObpamHa pe3opbuun Ha puampupaHama 2AKo3a.

Mpu 3gpabu Auua Ha 2aagHo 6bOpeuume gonpu-
Hacam 3a 1/5 go 1/4 om uyupKyAupaw@ama 2A0K03a, a
ocmaHaromo koaudecmBo ce ocueypaBa om uepHua
gpob. bbbpeuHama 2Al0KoHeozeHe3za gocmaBa 15-55
2 2atoko3a gHeBHo u ce ocbwecmBaBa npegumHo 6
nNpokcumaaHume MyOyAHU Kaemku Ha O6bbOpevHama
Kopa. MIHcyauHbm a HamaaaBa Kakmo gupekmHo, ma-
Ka u upe3 HamaraBaHe Ha cybcmpamume - Aakmam,
2AUMamuH U 2AUUEPOA, @ agpeHaAuHbM uma npomu-
BonoAoXkeH ehekm - cmumyaupa 2Al0KOHeOo2eHe3a-
ma, HabaBanemo Ha cybcmpamu 3a Hes, omgeAaHe-
MO Ha 2AlKO3ama u uHxubupa uHcyauHoBama cek-
peuua (3). Mpu 3A2 akmuBHocmma Ha 2AtoKoHeoz2e-
Hezama ce noBuwabBa c okoro 300% (3a cpaBHeHue
yepHOgpobHama 2AlKoHeoz2eHe3a - camo ¢ 30%) (4).
I'\ukozeHoAU3ama, koamo npu 3gpaBu e MUHUMAAHO
3acmbneHa, B8 ycaoBuama Ha 3A uma 3HaYUMEAHO
no-20Aam gaa B npogykuuama Ha 2A0K03a nopagu Ky-
MyAauuama Ha 2aukozeH 6 6vbpeuume (5).

B nocmnpaHguarHama gaza ocBoborkgaBaHe-
Mo Ha 2Atoko3a om 6bbpeuume ce yBeauuaBba 2 nb-
mu. lo mo3u HavuH 3a nepuog om 4-6 yaca caeg
xpaHa 6vbbpekbm gonpuHaca 3a okoro 60% om oc-
BobogeHama eHgozeHHa 2at0k03a (6). Mpu 3A2 6b66-
peuume ca npu4yuHa 3a 40% om nocmnpaHguaAHo-
mo noBuwabaHe Ha eHgozeHHO ocBoboxkgaBaHama
2ntoko3a (3).

bbOpeuHama peabcopbuyua uma kalouoBa poaa
6 cvxpaHeHuemo Ha 2Al0k03ama (u eHepauama) 6 op-
2aHuU3ma. Ta e eguH XomeocmaszeH mexaHu3zbm, pabo-
meuw, MHO20 gobpe B ycroBuama Ha 3gpabBe. Duzuo-
AO2UYHO Npe3 2A0MepyAaume ce puampupa OKOAO
160-180 2. 2al0K03a, KOAMo caeg moBa HanbAHO ce
peabcopbupa B8 npokcumaaHume mybyau. OcHoBHa
poaa 3a peabcopbuuama umam gBama HampueBo-
2AOKO3HU Ko-mpaHcnopmepa 1 u 2 (sodium glucose
co-transporters - SGLTT u SGLT2), paznoroxeHu Ha
AYUMUHaAHama cmeHa Ha mybyaHume kaemku. [o-2o-
AAMO 3HaueHue (90% om peabcopbuuama Ha 2AOKO-
3ama) uma SGLT2, kolmo e pa3znoAo)keH no-6Au30
(S1 ceemenm) go 2aomepyaa om SGLTT (S3 ceameHm)
6 npokcumaaHua mybya. SGLT2 e Hucko adpuHume-
meH, Ho Bucoko kanauyumuBeH mpaHcnopmep, KoU-
mo BkapBa Hampua u 2aoko3zama 6 mybGyaHama
kaemka 8 cbomuowenue 1:1. EHepauama, Heobxogu-
ma 3a pabomama my (akmuBHo npeHacaHe Ha 2AOKO-
3ama cpewy KOHUeHMpauuoHHUA U 2pagueHm) ce 2e-
Hepupa om epagueHma Ha HampueBua earekmpoxu-
mMuyeH nomeHuuaa. Tol ce noggbpyka om pabomama

Ha HampueBo-karueBama AT(M-a3a, PyHKUUOHUPaWA
Ha npomuBoNoAOXHUA NOAIOC Ha mybyaHama kaem-
Ka (bazoramepasHama membpaHa), koamo uznomnBa
uHmMpaueAayaapHua Hampul Kbm KpbBma, kamo 20
pazmeHa 3a kaaul (7). MNMoBuweHomo koauvecmBo
2aloko3a B mybyaHama kaemka ce uzBexkga Kbm
kKpbBma no KOHUEHMpaUUOHHUA 2pagueHm ¢ NOMOW-
ma Ha 2AlKo3HUA mpaHcnopmep GLUT2. Apyzauam
ko-mpaHcnopmep - SGLTT e paznoAoykeH no-gucman-
Ho B npokcumaaHua mybya u pabomu npu CbomHo-
weHue 2:1 Ha BkapaHua Hampul u 2aloko3a. Tol e Bu-
COKO adpuHUMeEmeH, HO HUCKO KanauumuBeH u uma 3a
3agava ga peabcopbupa 2a0k03ama 8 mybyaa, ocma-
Haaa caeg gedicmBuemo Ha SGLT2. DyHkuyuama my e
KynAupaHa no-Hamambk ¢ GLUT1, npexBobpaaw, 2ato-
Ko3zama om my6yaHama kaemka 6 kpwBma (8).

Mpu 3gpabu Auya yarama puampupaHa 2AI0KO-
3a ce peabcopbupa go gocmuzaHe Ha ObOpeyHun
npaz (eaukemua 10-11 mmol/l). Mo-Hamamvk, ¢ yBe-
AuvaBaHe HuBama Ha 2Al0KO03ama, munuyHu 3a 3A, ce
noayuaBa 2a0k03ypun. B ekcnepumeHmaaHu mogeau
e gokazaHo noBuwaBaHe Ha 6bOpevUHUa 2AOKO3YpU-
yeH npaz npu 3A (9). Mpu xopa cbe 3A 6bOpeuHuam
npaz Bapupa 3HauumeaHo 6 guanazoHa 6,2-13.3
mmol/l, Ho e ycmaroBeHo, ye kamo npaBuao e noBu-
weH Hag 11 mmol/l. Xunepaaukemuama yBeauuaBa
KoaudecmBomo puampupaHa 2A0K03a, HO U peab-
copbuuama G HapacmBa go makcumyma cu 8 mybyau-
me nopagu ,up“-peaysauun Ha ekcnpecuama Ha
SGLT2 (10-12). B mo3u cayuall mpaHchopmHuam me-
XaHU3bM uma HebAazonpuameH egpekm Ha noggbpika-
He Ha no-Bucokume HuBa Ha 2aukemuama. Ek302eHHO
ozpaHuyaBaHe Ha peabcopbuuoHHUA Kanauumem Ha
6b0peka 6u goBeao go yBeauuaBaHe Ha 3a2ybama Ha
2AI0KO3a € ypuHama u HamaaaBaHemo G 6 kpvBma.

B 0606weHue, 1. bvubpekbm uma cbuwecmBeHa
hyHKuua B 2Al0KO3HamMa xomeocmasa, ueaawa nog-
gbpkaHemo Ha nocmoaHHU HuBa Ha 2Aukemuama
ype3 2AOKOHeOo2eHe3a, 2AUKO2eHOoAU3a U peabcopb-
Uua Ha 2A0OKO3ama om ypuHama, koumo umam eBo-
AIOUUOHHO DAaz2onpuameH epekm 3a CbXxpaHeHue Ha
eHepauama u cmabuaHocm Ha cucmemama. 2. B yc-
roBuama Ha 3A me3u mexaHuzmu cnocobcmBam
noggbp>kaHemo Ha Xunepeaukemus, Bogewa no-Ha-
mambk go yBpega Ha camua 6b6pex.

SGLT2 uHxubumopu

Ha 6azama Ha e2opHume u3zBogu ce nopaxga
ugeama 3a ozpaHudvaBaHe Ha mo3u 6GbbOpeuveH KOH-
cepBupaw, 2a0Kk03ama edekm upe3 barokupaHe Ha
no-3Hayumua Ko-mpaHcnopmep - SGLT2. Apyeama
npuyuHa 3a He2oBua uzbop e 3HaUUMEAHO NO-CEAEK-
muBHomo my npucbcmBue npakmuyecku camo 6
6b6peyume B cpaBHeHue ¢ No-WUPOKO paznpocmpa-
HeHua SGLTT (eacmpo-uHmecmuHaAeH mpakm, Je-
peH u 6aA gpob u gp.).
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Mcmopuuecku noaBama Ha HoBama ugea e cno-
cobcmBaHo om HabAatogeHusma Bbpxy navueHmu ¢
(pamuAHa peHaAaHa 2lKko3ypua - aBmo3omHo peue-
cuBHo 3aboaaBare ¢ mymauua Ha SLC5A2 2eHa, Ko-
gupaw, SGLT2. lNMayueHmume c xemepo3uzomHama
popma omgeaasm go 10 2. 2a0ko3a gHeBHO u kKamo
npaBuro Hamam cbwecmBenu onaakBaHua. Xomo3u-
2omume omgeaam go 200 2, Ho Bbnpeku moBa ce
onucBam cbwo Kamo acumnmomHu, 6e3 noauypus,
noauguncua, 6bbpeuHo 3aboaaBaHe u noBuweHa
yecmoma Ha ypouHdpekuyuume (13, 14). INpe3 1835 2.
e uzoaupaH phlorizin om a6bakoB0 gbpBo, a npe3
1987 2. 20 npuAaazam Ha mogeA nabxoBe ¢ napuuasHa
naHKpeamekmomua U hocmua2am HOpMaAu3upaHe Ha
2AUKemMuaMa u 3HayumeAaHo nogobpaBaHe Ha cbcmo-
aHuemo (15). Owge okoao 35 2. baxa Heobxogumu, 3a
ga 6vbgam peaucmpupaHu om Food and Drug
Administration (FDA) u European Medicines Agency
(EMA) nbpBume npegcmaBumeau Ha mo3u Kaac -
dapagliflozin (EMA- 2012 2.), canagliflozin (2013 2.) u
empagliflozin (2014 2.). B pazaudHu cmaguu Ha npeg-
peaucmpauuoHHu npoyuBaHua ca ipragliflozin,
tofogliflozin, luseogliflozin u ertugliflozin.

Llenma Ha mo3u kKpambk 0630p He e gemalAHo-
mo npegcmaBaHe Ha u3zcaegoBameackume npoepa-
MU OM KAUHUYHU CMyguu Ha omgeAHUmMe MOAEKYAU,
a opopmaHe Ha obwo BneuamaeHue 3a KAaca megu-
KameHmu. Kamo no-gemaidaHu moz2am ga 6bgam npe-
nopbyaHu HAKOU akmyaaHu ob3opu (3,2,16-18). Au-
pekmHume cpaBrumeaHu (head-to-head) npoyuBa-
HUA NOHACMOAWEM Ca HEgOCMAMbBUHU, 32 ga MOXe
ga ce HanpaBu ybegumeaHa npenopbka 3a eguH UAU
gpy2 npegcmaBumea.

Bl CmeneH Ha HayyHa npoyyeHoCcm - Kbm
1.12.2014 2. 6 aumepamypama (PubMed) Had-20Aam
e obembm uHopmauua 3a dapagliflozin (228 cma-
muu), caegBaH om canagliflozin (156 cmamuu),
empagliflozin (91 cmamuu), ipragliflozin (30 cmamuu),
tofogliflozin (18 cmamuu), luseogliflozin (13 cmamuu)
u ertugliflozin (1 cmamus).

B CearekmuBrHocmma 3a SGLT2 cnpamo SGLTT e
mHo20 Bucoka (21000 nbmu) npu dapagliflozin,
empagliflozin, luseogliflozin, tofogliflozin u no-Hucka
(250-500 nbmu) npu canagliflozin and ipragliflozin (19).

H lMoAoxumeAaHu cmpaHu Ha SGLT2 uHxubu-
mopume:

o Hucwsk puck om xunozaukemua. Ecpekmobm
SGLT2 uHxubumopume 3aBucu om:

1. HuBomo Ha 2aukemusama; 2. FAomepyaHama
puampauus (FD).

ToBa o3HauaBa, ye KOAKOMO NO-geKOMNEHCU-
paH e 3A u cbxpaHeHa (D, moakoBa no-u3pazeH we
e mepaneBmuuyHuam ecpekm. Te He GAokupam Ha-
nbAHO SGLT2. C npubaukaBaHemo Ha 2Aaukemuama
KbM HOpMaAHume cmouHocmu Bce NO-MaAKo 2AKOKO-
3a ce 2ybu, koemo o3Ha4aBa NO-HUCBLK PUCK oM Xu-
noz2auKemus.

O HeuncyaunozaBucumuam um mexaHu3 oM Ha
geticmBue c HamaraBaHe Ha GbOpevUHUA 2AUKEMUYEH
npaez e yHukaaeH u 2u npabu NnpuAo>KUMU Npakmuyec-
Ku npu Bcuyku cumyauuu, cmuza ga uma agekBamua
O - wag 60 (dapagliflozin) u 45 (canagliflozin)
ml/min/1,73m?

O EgpekmuBrHocmma um, oueHeHa C HamaAeHu-
emo Ha HbA,_, e 6 guanazoHa 0,5-1% (20).

O HamaaaBaHe Ha meaecHOmMo mezao c 1-5 ke
BcaegemBue 3azybama Ha KaAopuu € 2AI0KO3ypuama.

O [lMoHuxaBane Ha apmepuarHOMO HaAazaHe
(ocobeHo cucmoaHOMO) om nopagbka Ha 3-7 mm
Hg. MexaHuzmbm e cBbp3at npegu Bcuyko ¢ ocmo-
muuHama guype3a. He ca ycmanoBeHu 3Hauyumu
npomeHu B8 PAAC cucmemama, KOUmMo mo2am ga ce
npegnoroxam 668 Bpb3ka ¢ Hampuypezama. Aopu
u makuBa ga cbwecmByBam, me 6uxa GaraHcupaau
6aazonpuamuo noBuweHama 3agpbikka Ha Hampud
8 6b6peuume, koamo e ycmaHoBeHa npu 3A2. He ce
HabAaogaBam mpeBoykHu npu3Hauu Ha opmocmamu-
3bM, HO ce Haraza BHuUMaHue npu nayueHmMu Ha guy-
pemuuHo AeveHue u Bb3zpacmHu.

0 Mozam ga ce kombuHUpam npakmuyecku C
Bcuuku gpyau 2pynu AekapcmBa, kKamo uma gokaza-
meacmBeHu gaHHU 3a KombuHauuume ¢ memdop-
MuH, CYT1, uHCYAUH.

o YBeauvernue na HDL.

0 Makap u noHacmoawem ga umam UHgukauuu 3a
3A2, 8 6bgewe BepoamHo we mozam ga 6bgam npuaa-
2aHU 3aegHo ¢ uHcyAuHa npu 347, kakmo nokazaxa g6e
cmyguu c dapagfliflozin u empagliflozin (21, 22).

0 Bb3moxkHo e ga 6bgam u3noa3BaHu u npu 3a-
mascmaBare, ako 6bge BrAIOHEHO KaMO UHgUKAUUS.

B Hegocmamwvyu

o VYBeauyaBane Ha pucka om zeHUMaAHU MUKO-
muyHu (5X) u ypouHgekyuu (40%) npu >xeHume
(23). Te obukHOBeHO ca Aeku U He HaAazam npekpa-
maBaHe Ha AeueHuemo (20).

0 YBeauyeHue Ha LDL (24).

o lMoauypusa.

0 Makap u ga ce ouakBa 6razonpuameH copgey-
Ho-cbgo8 npogus Ha be3onacHocm, Bce owe Aunc-
B6am pe3zyamamu om makuBa cmyguu, koumo ca 6
X0g, Cbobpa3Ho npenopbkume Ha FDA om 2008 a.

0 Hama gocmamvuHo npoyuBaHua npu auua 6
HanpegHaAa Bb3pacm.

0 Hama gocmambuHo gba2ocpouHu npoyyBaHus.

Kakmo 8 EBpona, maka u y Hac noHacmoawem
Beue e peaucmpupaH u peumbypcupaH nopBuam
SGLT2 unxubumop - dapagliflozin.

3akAloyeHue

MHxubumopume Ha HampueBo-2AI0KO3HUA KO-
mpaHcnopmep 2 (SGLT2) ca Hat-HoBusm mepane6-
muueH npuHuun, koimo Bae3e B apceHana 3a Aeyve-
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Hue Ha 3A2. Te 6aokupam obpamHama pe3opbuun Ha
2n0k03a B npokcumaaHume mybyau Ha 6bbpeka, Bo-
geliku ga 3a2yba Ha no-20Aamo KoAuvecmBo 2Al0K03a
C ypuHama u HamaAreHue Ha HuBama U B8 kpwbBma. To-
3U MexaHu3bm Ha geicmBue e NPUHUUNHO pa3AuYeH
om Bcuuku, ¢ KOUMO pa3znoAazaxme go ceza 3a Aede-
Hue Ha 3A u gaBa HakoAko cbwecmBeHu npegumcm-
Ba: He3aBucum OM UHCYAUHA U CU2YpeH 2AI0KO030-N0o-
HuxxaBaw, edpekm; MoAepaHMHOCM KbM Npakmuyec-
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OpueuHaaHa cmamus

AGmoumyHHU nNpoOMeHU nNpu XeHu ¢
nocmnapmaAHa mupeougHa gucyHkyua
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Pesiome

ABmoumyHHumMe mupeougHu 3aboaaBarun (AT3) ce cpewam ¢ noBuweHa yecmoma npu >xxeHume 6 nepuo-
ga caeg paxgaHe. NMocmnapmaanuam mupeougum (II1T) e HaG-vyecmo HabAlogaBanama npoaBa Ha AT; 68 mo-
3U hepuog Kamo ca onucaHu u caydau Ha gebiom uau peuuguB Ha bazegoBa 6orecm. MpomeHume 6 mupeo-
ugHama pyHkuua npe3 nbpBama 2oguHa caeg pakgaHe 4yecmo moz2am ga ce gbakam u Ha BaowaBaHe Ha
npegwecmBawo AT3. NMopagu moBa poaama Ha mupeougHume aBmoanmumena 3a Bb3HukBaHe u pazBumue
Ha nocmnapmaaHa mupeougHa gucgyHkuua (MIMTA) ocmaBa o6ekm Ha guckycus.

Llea: Aa ce npoyuyam npomeHume 68 mupeougHua aBmoumyHumem npu >xxeHu c ITA,

INMayuermu u memogu: B Hacmoawus aHaau3 ca BkatoueHu 42 >xeHu c [ITA (16 ¢ xunomupeougu3zbm U
26 ¢ mupeomokcuko3a). M3caegBanu ca TCX, ¢B.T,, ¢B.T;, aHmumupeonepokcuga3zHu aHmumeaa (TIOAm),
aHmMumupeo2r06yauHoBu aHmumena (TeAm), TCX-peuenmopHu aHmumeaa (TPAm) u e npoBegero yampazBy-
koBo uzcaegBane (Y3M) Ha wumoBugHama >kae3a Ha 3-mu nocmnapmaeH meceu,

Pezyamamu: TMo3umuBHu mumpu Ha mupeougHume aBmoaHmumeaa ca ycmaroBeHu npu obwo 33
(75,57%) om obcaegBaHume >keHu. YcmaHoBeHa e cmamucmuyecku 3Haduma Kopeaauua mexxgy TCX u TrO-
Am 6 xunomupeougHama 2pyna u mexgy c8. T;, ¢B. T, u TPAm 8 epynama Ha nayueHmKume ¢ MuUpPeomMoKcu-
ko3a. Tumpume Ha TITIOAmM ca cmamucmuyecku 3Ha4UMO NO-BUCOKU NPU KEHUME C XUNOEX02EHHOCM Ha >KAe-
3ama Hag 2 cm. (477,62+72,93 1U/ml) cnpamo caydaume, npu Koumo exozeHHocmma e 6Au3ka go Hopmama
(244,79£81,75 IU/ml), P=0,049. He ce omuyumam cuz2HucpukaHmMHu pazauyus 6 exoeeHHOoCMMa Ha napeHxuma
8 3aBucumocm om mumpume Ha TeAm u TPAm. OugHkama Ha mupeougHua obem Cbwo He noka3zBa 3Havu-
MU pa3AuKU mexgy >keHume ¢ no3umuBHu u ¢ HezamuBHU mumpu Ha aBmoaHmumenama.

U36ogu u 3akatoqenue: NINTA npomuua Had-1yecmo ¢ noBuweHu mumpu Ha mupeougHume aBmoaHmume-
AQ. XOPMOHaAHUME U MOPEOAOUYHUME MUPEOUgHU HapyweHua ca no-u3pa3eHu npu no-Bucoku mumpu Ha
aHmumeaAama. Bv3zHukHaaume mupeougHu omkaoHeHua B nepuoga caeg paykgaHe Haaazam guHamuyHa OueH-
Ka u uHguBugyaauzupaH NOgxog 3a onpegeAaHe HY>Kgama om megukameHMmMO3HO AeveHUe.

Key words: aBmoumyrtu mupeougHu 3a6oaaBaHus, nocmnapmaseH mupeougum, nocmnapmaaHa mupeoug-
Ha guchyHKUUA, XUuNnomupeougu3dbm, MUPEOMOKCUKO3a

BbBegeHue: ABmoumyHHume mupeougHu 3aboaaBaHun (AT3)
ce cpewam c noBuweHa yecmoma npu >keHume 6
nepuoga caeg paxkgare. lNocmnapmaaHuam mupeo-
ugum (IMT) e HaG-yecmo HabatogaBaHama npoaBa
Ha AT3 kamo ca onucaHu u cayyau Ha gebtom uau pe-
uuguB Ha bazegoBa 6oaecm (1). OcBen moBa, npo-
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meHume B mupeougHama gyHkuua npe3 nbpBama
20QgUHA CAeg pakgaHemo 4Yecmo €a NpUYUHeHU om
BrowabBaHe Ha npegwecmBaw, xpoHuueH aBmoumy-
HeH mupeougum (2). Had-cneuudpuyHuam nokasa-
men, o6ycaaBaw, umyHonamozeHe3zama Ha nocmnap-
maaHama mupeougHa gucgyxkuua (MMTA), e HaAu-
yuemo Ha mupeougHu aBmoanmumena (TAAm), Ho 6
MaAbK NpoueHm om cAyyaume HapyuweHusma ce
pazBuBam npu HeczamuBHu mumpu Ha TAAm (3). INo-
pagu moBa cmaroBuwama Ha u3zcregoBameaume
omHocHo BauaHuemo Ha TAAm 3a Bb3HukBaHe u
npomuuaHe Ha [MTA u B3aumoBpb3ikama mexqgy
UMYHOAO2UYHUME, XOPMOHAAHUME U MOPPOAO2UY-
HUMeEe MUPEeoUgHU Xapakmepucmuku ca HeegHo3Hau-
Hu. Poaama Ha TAAm kamo mapkep 3a hpo2HO3upaHe
Ha gbA20CPOUHUA MupeougeH (PYHKUUOHAAEH cma-
myc u Heobxogumocmma om mpadHO AedyeHue OcC-
maBam obekm Ha uzcaegBaHe.

Llea: Aa ce npoyuam npomeHume 8 mupeougHun
aBmoumyHumem npu >KeHu ¢ hocmnapmaaHa mupe-
ougHa gucgyHKuuA.

lNMayuenmu u memogu: B Hacmoawua aHaAu3 ca
BratoueHu 42 >keHu ¢ IMIMNTA Ha Bb3pacm om 22 go
38 2oguHu, cpegHa Bb3pacm 30,79+0,66 2. Xapakme-
pucmukume Ha uzcaegBaHume >xeHu ca npegcmaBe-
Hu 6 Tabauua 1.

V3mepeHu ca cepymHume HuBa Ha mupeoug-cmu-
myaupaw, xopmoH (TCX), cBobogeH mpulogmupo-
HUH (cB. T5) u cBobogeH mupokcuH (cB. T,), aHmumu-
peonepokcugazHu aHmumeaa (TFNTOAmM) u aHmumu-
peo2robyauHoBu aHmumena (TeAm) no umyHoxemu-
AymuHucueHmen memog (ECLIA). C o2aeqg gudpepeH-
UuaAHa guazHo3a Ha MUPEOMOKCUYHUA CUHgPOM Npu
me3u nauueHmku e u3caegBaHo HuBomo Ha TCX-pe-
uenmopHu aHmumeaa (TPAm). NMpoBegeHo e ya-
mpa3BykoBo uzcaregBaHe Ha wumoBugHama >kae3a ¢
oueHka Ha obema u exoeeHHOCMMmMa Ha mupeougHuA
napeHxum. Bcuuku uzcaegBanua ca uzBopweHu Ha 3-
mu meceu, caeg paxkgaHe npu cna3BaHe Ha cmaHgap-
mu3upaHu ycaoBua 3a npoBexxgaHemo um. MMpu na-
yueHmKume ¢ npegwecmBawa MmupeougHa NAMOAO-
2un, npoBexxgawu 3amecmumenHo AedveHue, go3ama
Ha XOpMOHaAHUA npenapam cAeg GpemeHHocmma e
Kopu2upaHa chopeg npenopbkume 3a gobpa KAUHUY-
Ha npakmuka.

3a cmamucmuvecka obpabomka Ha gaHHUME ca
u3znoa3BaHu T-mecm npu He3aBucumu uzBagku u Ko-
peAauuoHeH aHaau3. 3a HUBo Ha 3HauuMocm e npue-
mo P<0,05.

Pesyamamu: KauHuuyHu Oeae3u 3a mupeougHa
guchyHkuua ca ycmaHoBeHu npu 06wo 16 >keHu om
uzcaegBanama epyna. B ocmaHaaume cayvau guae-
Ho3ama e nocmaBeHa 663 ocHoBa Ha XOpmOHaAHU
kpumepuu (Taba. 2).

INpu 25 om obcaegBaHume nauueHmMKuU ce Kacae
3a HoBoBb3HuKHaAa MITA. MNMpu ocmaHaaume 17

6OAHU XOPMOHAaAHUME HapyweHUA ca omyemeHu Ha
¢oHa Ha npegwecmBawa mupeougHa namoao2un -
Had-yecmo aBmoumyHeH mupeougum. AHaAU3bM Ha
pezyamamume ycmanoBaBa nozumuBHu mumpu Ha
TAAmM npu 33 nauueHmku (78,57% om Bcuuku cAy-
yau). Yecmomama Ha nozumuBHume mumpu u cpeg-
Hume cmoUHocmu Ha aBmoaHmumerama ca ompa-
3eHu B Tabauua 3.

Tabauya 1.
Xapakmepucmuka Ha uzcaegBaHume >keHu
Mayuenmu n %
Bw3pacm (zog.) CpegHa 30,79+0,66
O6xB8am 22-38
MocmnapmaAHa mupeougHa
gucyHKyuA
Xunomupeougu3bm 16 38,1
Tupeomokcuko3a 26 61,9
MpegwecmBawo mupeougHo
3a6oAnBane
Aa 17 40,5
He | 25 59,5
TMOAm
(+) 31 73,8
() 11 26,2
TeAm
(+) 14 33,3
() 28 66,7
TPAmM
(+) 5 19,23
() 21 80,77
O6em Ha wumobBugHa xae3a (MA) 12,26 = 4,90
Xunoexo2eHHOCM Ha napeHxuma
0-Tcm. 11 26,19
2-4 cm. 31 73,81

Tabauuya 2.

Pa3znpegeaeHue Ha >keHume 663 ocHoBa Ha KAUHUYHaAMa dhopma
Ha TITA.

KAauHuuyHa cpopma | CybKkAUHUYHA KAuHuuHa
Xunomupeougu3zom 10 6
Tupeomokcuko3a 15 11
O6wo: 26 16

B mHoxkecmBo npoyuBaHua ce gokazBa Bogewo-
Mo namoz2eHemu4Ho 3HadYeHue Ha TIIOAm 3a pa3Bu-
mue Ha TITA (4). ConocmaBkama Ha XOpMOHaAHU-
me HuBa npu u3zcaegBaHume >xeHu B 3aBucumocm
om mumpume Ha TITOAm, obaye, He noka3a cma-
mucmuvecku 3Hayumu pazaudun. YcmanoBaBa ce
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meHgeHuua 3a no-Bucoku cmolHocmu Ha TCX npu
TIMOAmM no3umuBHume HOCumMeAKU, HO pa3Aukama
He gocmugza cu2HucpukaHmuocm, BepoamHo nopagu
maakua 6pol cayvau ¢ HezamuBHU mumpu Ha TI1O-
Am. He ce omuyumam u pazauku 6 obema Ha wumo-
BugHama >Ae3a npu 2pynume ¢ no3umuBHU u Heza-
muBHu mumpu Ha TTTOAmM (Taba. 4).

YecmanoBu ce cmamucmudecku 3Haduma 3abucu-
mocm mexkgy HuBama Ha TCX u mumpume Ha TTIOAmM
npu cAyyaume C Xunomupeougu3ibm Ha 3MU mecey,
caeg paxgate (r = 0,53, P=0,035) (Due. 1a.) Mpu mu-
peomokcudHume 60AHU ce omuyuma cu2HugUKaHmMHa
KopeAauyua mexkgy mumpume Ha TPAm u cBobogHu-
me cppakuuu Ha T; u T, (Due. 16 u 16).

Xunoexoz2eHHOCMMA Ha MupeougHUA NapeHxXuUM
e xapakmepeH beae2 Ha AT3. Cmamucmuyeckuam
aHaAau3 noka3Ba, ue mumpume Ha TITOAm (477,62+
72,93 1U/ml) ca 3Hauumo no-Bucoku npu >xeHume c
XUNOEX02eHHOCM Ha >KAe3ama Hag 2cm. CNpaAMo CAY-
Yyaume, Npu KOUMO exozeHHocmma e

Tabauya 3.
HuBa Ha TAAm npu >keHume c IMMTA.

AHmumena Xunomupeougu3bm | Tupeomokcuko3a
TNOAm (+) 13 18

() 3 8
TNOAm (IU/ml) 469,92+104,84 | 445,35+79,49
(x+8x)
TeAm (+) 6 8

(-) 10 18
TeAm (IU/ml) 57,72425,57 100,88+47,91
(x+8x)
TNOAm (+) u
TeAm (+) ga 5 7

He 13 19
TPAm (+) - 5

() - 19
TPAm (U/L) 10,11+4,20
(x+8x)

Tabauya 4.
HuBa Ha xopmoHaaHume noka3zameau 8 3aBucumocm om mumpume Ha TTTOAm.
Xunomupeougu3zbm (n=16) Tupeomokcuko3a (n=26)
TMOAm (+) p TMOAm (-) TMOAm (+) p TMOAm (-)

TCX (mIU/1) 45,71+12,19 >0,05 | 32,83+13,10 0,08+0,02 >0,05 0,08+0,03
(x£8%)
C6.T4 (pmol/l) 6,98+0,90 >0,05 5,9442,01 29,40+4,05 >0,05 | 22,75%5,98
(x££ 8%)
C6.T3 (pmol/l) 3,67+0,50 >0,05 4,60+0,426 11,01£1,99 | >0,05 | 9,5143,72
(x £ 8x)
Tupeougen o6em (ml) 12,91£1,41 >0,05 12,88+1,23 13,14+1,67 >0,05 11,51+1,31

6Au3ka go Hopmama (244,79+81,75 IU/ml), P=0,049.
He ce omuyumam cuzHugukaHmHu pazaudun 8 exo-
2eHHocmma Ha napexxuma 6 3aBucumocm om mum-
pume Ha TeAT u TPAm.

Ob6cwixgaHe: Pe3yamamume om Hacmoaw,omo
npoyuBaHe nomBbprkgaBam 3Hauumama poaa Ha ab-
moaHmumeAama 3a pa3zBumue Ha INIMNTA. AaHHu 3a
UMUHOAO2UYHU HapyuweHus ce ycmaHoBaBam npu
78,57% om u3caegBaHume >keHu Ha 3-Mu mecey, caeg
pakgaHe. ABmoumyHHama namozeHe3a Ha mupeoug-
Hama guccpyHkuua B nocmnapmaaHua nepuog ce go-
kazBa 6 mHoxxecmBo npoyuBanua (5). PazBumuemo
Ha TMIMTA ompazaBa cbcmoaHuemo Ha ceaekmuBeH
UMyHeH moaepaHc npe3 6pemeHHocmma, nocaegBa-
HO om umyHoAoz2uueH ,re-bound” cpeHomeH 6 nocm-
napmaaHusa nepuog (6, 7). XopmoHaAHUME Hapywe-
HUA U MOpP(PoAO2UMHUME NpomeHu B napeHxuma Ha
»KA€3ama ca no-uzpazeHu npu >keHume c Bucoku
mumpu Ha TAAmM. YcmaHoBeHama cu2HugukaHmHa
kopeaauua mexxgy TCX u TTTOAmM npu cayyaume

¢ xunomupeougu3zbm e 8 cbomBemcmBue ¢ gokaza-
Hume yumomokcuyHu cBoucmBa Ha me3u aHmume-
Aa (1, 8). Bogewomo 3HauveHue Ha TTTOAm 6 pasBu-
muemo Ha xunomupeougu3zbm B8 nocmnapmanHuA
nepuog ce nomBbpxkgaBa u om gpyau uzcaegBarua
(9). MozumuBHuam mumvp Ha TIMOAmM 6 nvpBua
mpumecmbp e gokazaH puckoB gakmop, onpege-
Aaw, 50% puck om pa3zBumue Ha IMNITA (10). Mimadiku
npegBug, ye camo noroBuHama om TITOAmM no3u-
muBHume >xeHu pazBuBam KAUHUYHU CUMNMOMU Ha
[I1T, moxke ga ce npegnoAo>KU, Ye MUMbPLM Ha aH-
mumeaAama e camo mapkep 3a 3aboasBaHemo, a umy-
HOAO2UYHUME HapyweHua Ce meguupam om KAemby-
Ho-3aBucumu chakmopu. Haauuuemo Ha aBmoaHmu-
meAa e gua2HOCMuUYeH U NPo2HOCMUYEH MapkKep, a
MuMbPBLM Ha aHMumeAama HacouBa Kbm npeobaa-
gaBaHe Ha onpegeaeH mun umyHeH omzoBop Thi
uau Th2. M3mvkBam ce HapyweHua B GaraHca mex-
gy Aumdpouumuume cybnonyaauuu - Th1, Th2, NK-
KAEMKU U mexHume peayaamopu T-reg aumgpouumu
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Kopeaauuu mexxgy XopmOHaAHU U UMYHOAO2UYHU
nokazameau npu >xeHume c [NINTA.
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(7) u komnaemeHM-cBbp3aHu MexaHU3MU, Kamo cme-
neHma Ha akmuBauyua Ha cucmemama Ha KOMNAEMEH-
ma KopeAupa C MOP(OAO2UYMHUME NPOMEHU U Mme-
»Kecmma Ha mupeougHama gucyHkuua. B Hacmos-
womo npoyuBaHe nonagam 9 >keHu C gaHHU 3a mupe-
OUgHU HapyweHua 6e3 ga ce omkpuBam noBuweHu
mumpu Ha aBmoaHmumeaama, koemo e nomBup>kge-
Hue 3a BepoamHo npeobaagaBare Ha Th1 umyHeH om-
2080p € yyacmue Ha KAEMBYHO MeguupaH gecmpyk-
muBeH npouec. Mpu Hakou eHu ¢ npegwecmBawu
bpemeHHocmma aBmoumyHHu 3aboanBaHua Ha wu-
moBugHama >kAe3a moxke ga ce HabalogaBa BaowabBa-
He Ha MmupeougHUA PYHKUUOHAAEH U MOP(OAO2UYEH
cmamyc (2). B Hacmoawua aHaau3 ca BkatoueHu 17 na-
uueHmku ¢ npegwecmBawo mupeougHo 3aboaaBate,
2aaBro aBmoumyHeH mupeougum. IMpu >keHume, npo-
Bexxgawu 3amecmumeAHo AedeHue, gozama Ha AeBo-
MUPOKCUHA CAEQ paykgaHe e KopuaupaHa cnpamo ma-
3u npegu 6pemeHHocmma. Mpuema ce, ye Mupeoug-
Hama gucdpyHkuua 68 me3u caydau e uzaBa Ha UHMeEH-
3udpulupawy, ce UMYHOAO2UYEH KOH(PAUKM.
Xunomupeougu3zmbm, Bb3HuUKHaA de novo uau 3a-
gbAbouaBaHemo Ha XOpMOHaAHUA gechuyum Npu xe-
HU ¢ npegwecmBawa xunogyHkuyua Ha wumoBugHa-
ma »KAe3a, MoXKe ga npembpnu guHamu4yHo obpamHo
pazBumue, HO Nnpu gbA2OCPOUHO npocaegaBate 3a
nepuog om 5 2oguHu e ycmaroBeHo, ye 30 go 50%
om »eHume, npekapaau enu3og Ha INITA, pazBuBam
mpaeH xunomupeougu3bm (11).
Tupeomokcuko3ama, 8b3HukHara npe3 nbpBume
12 meceua caeg paxkgaHe, Haraza u3zBpvbwbBaHe Ha
gugpepeHyuarHa guazHo3a MeXXgy MupeomokcuyHa
aza Ha MIMTA u gebiom uau peuuguB Ha bazegoBa
6oaecm. Bogew, gugpepeHuuarHo-guazHocmuyeH Ge-
Ae2 e HuBomo Ha TPAm. NMoBuwernu mumpu Ha TPAM
6 Hawemo npoyuBaHe ca omyemeHu npu 5 xeHu, Ka-
mo ce ycmaHoBaBa kopeaauua mexkgy cmolHocmu-
me um u cBobogHume pakuuu Ha MupeougHume
xopmoHu. [MocoueHume gaHHu no3zBoaaBam ga ce
npueme, 4e npu me3u BOAHU MUPEOMOKCUYUHUAM
CUHgPOM Ce gbAXKU Ha XUNEPMUPEOUJU3IbM U € CAed-
cmBue Ha cmumyAaupawama akmuBHocm Ha TPAm. B
ocMmaHaAume CAyYau ce Kacae 3a NpexogHa mupeo-
MOoKCUYHa paza Ha hocmnapmaieH mupeougum.

U3Bogu u 3akntoyeHue:

NocmnapmaaHama mupeougHa gucyHKUUA
npomuua Had-14ecmo ¢ noBuweHu mMumpu Ha mupe-
ougHume aBmoaHmumena. XopMmOHaAHUME U MOp-
POAO2UYHUME MUPEOoUgHU HapyweHua ca ho-u3pa-
3eHU npu no-Bucoku Mumpu Ha aHmumeaama. Bv3-
HUKHAaAUMe mupeougHu omkaoHeHua 6 nepuoga
CAeg paXkgaHe HaAazam guHamu4yHA OUEHKa U UHgu-
BugyaauzupaH nogxog 3a onpegeanaHe Hyxkgama om
MeguKameHMOo3HO AeveHue.

216

Engokpuronozug mom XIX Ne4/ 2014



Originale articles

Thyroid Autoimmuniity in Women with
Postpartum Thyroid Dysfunction

Argatska, Antoaneta V., Nonchev, Boyan Iv.", Orbetzova, Maria M.', Pehlivanov,
Blagovest K.’

' Clinic of Endocrinology and Metabolic Diseases,

?Clinic of Obstetrics and Gynaecology,

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

Address for correspondence:
Dr Antoaneta Argatska,

Clinic of Endocrinology and Metabolic Diseases, ,Sv. Georgy”, University Hospital,
15A ,Vassil Aprilov” Str, Plovdiv - 4000,
e-mail: lakalma@abv.bg

Abstract

Autoimmune thyroid diseases (AITD) occur with increased frequency in the postpartum period. Postpartum
thyroid dysfunction (PPTD) is the most common manifestation of AITD during this period but an onset or a recur-
rence of Graves' disease have also been described. Furthermore, changes in the thyroid function during the first
year after parturition are often caused by aggravation of preexisting AITD. The role of the thyroid autoantibodies
(TAAD) for the occurrence and development of postpartum thyroid dysfunction remains a matter of discussion.

Aim: To reveal the changes in thyroid autoimmunity in women with PPTD.

Patients and Methods: A total of 42 women with postpartum thyroid dysfunction (16 with hypothyroidism
and 26 with thyrotoxicosis) were included in the study. Assessment of TSH, FT,4, FT3, TPOAb, TGAb and TSHRAb
along with thyroid ultrasound were performed at the 3rd month after parturition.

Results: Positive titers of thyroid autoantibodies were detected in 33 (75,57%) of the studied women. A sig-
nificant correlation between TSH and TPOAb was found in the group with hypothyroidism. In the women with
thyrotoxicosis such correlation was established between THSRAb and FT; and FT4. TPOAb were significantly
higher in the women with a 2nd degree thyroid hypoechogenicity (477,62472,93 U/I) compared to those with
close to normal echogenicity (244,79+81,75 U/I; P=0,049). We did not find considerable differences in the
parenchymal echogenicity in terms of TAAb and TSHRAD titers. The assessment of thyroid volume also showed
no significant differences in the women with positive and negative autoantibody titers.

Conclusion: PPTD is most often associated with high titers of thyroid autoantibodies. Both hormonal and mor-
phological thyroid changes are more pronounced when the antibody titers are higher. Thyroid abnormalities in
the period after parturition require dynamic evaluation and an individualized approach to determine the need for
treatment.

Key words: autoimmune thyroid disease, postpartum thyroiditis, postpartum thyroid dysfunction, hypothyroidism,
thyrotoxicosis.

mune thyroiditis (2). The most specific marker with

BbBegeHue: . . _
regard to immunopathogenesis of postpartum thyroid

Introduction: Autoimmune thyroid diseases (AITD)
occur with increased frequency in women during the
postpartum period. Postpartum thyroiditis (PPT) is the
most common manifestation of the AITD, but an onset
or a relapse of Graves' disease have also been
described. Furthermore, the changes in the thyroid
function over the first year after parturition are often
caused by exacerbation of underlying chronic autoim

dysfunction (PPTD) is the presence of thyroid autoan-
tibodies (TAAb), but in a small percentage of cases thy-
roid disorders can develop in the absence of TAADb (3).
Therefore, the impact of TAAb for the occurrence and
course of PPTD and the relationship between immuno-
logical, hormonal and morphological thyroid features
prompt further investigation. The role of TAAb as an
indicator for predicting long-term thyroid functional
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status and need for continuous treatment is still to be
elucidated.

Aim: To investigate the changes in thyroid autoim-
munity in women with PPTD.

Patients and Methods: A total of 42 women with
PPTD aged between 22 and 38 years, mean age
30,7940,66 years were included in the study. The char-
acteristics of the women are presented in Table 1.

Serum levels of the thyroid-stimulating hormone
(TSH), free T3 (fT5), free T4 (fT,), antibodies against
thyroperoxidase (TPOAb) and antibodies against thy-
roglobulin (TgAb) were investigated using immuno-
chemiluminometric assay (ECLIA). In order to verify
the postpartum thyrotoxic syndrome in these patients
the level of the TSH receptor antibodies (TSHRAb) was
measured. An ultrasound of the thyroid gland evaluat-
ing the size and echogenicity of the thyroid parenchy-
ma was performed. All tests were performed at the
third postpartum month in accordance with the stan-
dard procedures. In the women with previously diag-
nosed autoimmune thyroiditis receiving replacement
therapy, the dose of levothyroxin after pregnancy was
adjusted according to the good clinical practice guide-
lines. The statistical methods included independent
sample T-test and correlation analysis. Level of signifi-
cance was accepted at P <0,05.

Results: Clinical signs of thyroid dysfunction were
found in 16 of the studied women. In the rest of the
cases, the diagnosis was made on the basis of hormon-
al criteria (Table 2).

In 25 of the studied women a newly developed
PPTD was diagnosed. In the remaining 17 women hor-
monal disorders occurred as a result of aggravation of
a preceding thyroid disease tah was most often
autoimmune thyroiditis. The data analysis found posi-
tive TAAD titers in 78,57% of all cases. The incidence
of positive titers and the mean serum autoantibodies
levels?? are shown in Table 3.

Several studies have demonstrated the leading role
of TPOAD for the development of PPTD (4). The com-
parison between the hormone levels in the studied
women in relation to TPOAb. however. showed no sta-
tistically significant differences. A tendency for higher
values of TSH in TPOAb positive patients was
observed. but the difference did not reach signifi-
cance. probably due to the small number of cases with
negative titers of TPOAb. There were no considerable
variations in the thyroid volume between the groups
with positive and negative antibody titres (Table 4).

A statistically significant correlation between TSH
levels and TPOADb titers was found in the cases with
hypothyroidism three months following delivery (r =
0,53. P = 0,035) (Fig. 1a) In the group of thyrotoxic
patients there was a significant correlation between
titers of TSHRAb and free fractions of T3 and T, (Fig.
1b and 1c¢).

Hypoechoic pattern of the thyroid parenchyma is a
typical US feature of AITD. The analysis showed that
the titers of TPOAb (477,62+72,93 IU/ml) were signif-
icantly higher in women with hypoechoic gland of
above 2nd degree as compared to the women in which
the thyroid echogenicity was close to the normal
(244,79481,75 IU/ml), P=0,049. No significant differ-
ences in the echogenicity of the parenchyma in rela-

Table 1.
Characteristics of the studied women.
Patients n %
Age (years) Mean 30,79%0,66
Range 22-38
Postpartum thyroid dysfunction
Hypothyroidism 16 38,1
Thyrotoxicosis 26 61,9
History of thyroid disease
Yes 17 40,5
No 25 59,5
TPOAb
(+) 31 73,8
() 11 26,2
TgAb
(+) 14 33,3
() 28 66,7
TSHRADb
(+) 5 19,23
() 21 80,77
Thyroid volume (ml) 12,26 + 4,90
Hypoechogenicity
gr. 0-1 11 26,19
gr. 2-4 31 73,81

Table 2.

Groups of women based on the clinical form of thyroid dysfunction.

Clinical form Subclinical Overt
Hypothyroidism 10 6
Thyrotoxicosis 15 11
Total: 26 16

tion to the titres of either TgAb or TSHRADb were esti-
mated.

Discussion: The results of this study confirm the
major role of the thyroid autoantibodies for occur-
rence of PPTD. Evidence suggestive for underlying
immunological disorder was found in 78,57% of the
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studied women three months after the delivery. Many
studies provide data on the autoimmune pathogenesis

Table 3.

Levels of TAAb in the women with PPTD.

of PPTD (5) The deve]opment of PPTD reflects the Antibodies Hypothyroidism Thyrotoxicosis
f selective i ne toleran in nan
state of selective immune tolerance dU[’/I g pregnancy, TPOAD ") 13 18
followed by immunological ,re-bound” phenomenon () 3 8
in the postpartum period (6, 7). Hormonal disorders
and morphological changes of the thyroid parenchyma TP?’QE (IU/ml) 469,92£104,84 | 445,35%79,49
are more pronounced in women with elevated titers of (x+5%)
TAADb. The established significant correlation between | T8Ab (+) 6 8
the TSH and TPOADb in the cases of hypothyroidism is § 10 18
in accordance with the well-known cytotoxic effects of TgAb (IU/ml) 57,72+25,57 100,88+47,91
these antibodies (1, 8). Given that only half of the (x+5x)
TPOAb-positive women develop clinical signs of TPOAb (+) and
PPTD, it can be assumed that the antibodies titer is TgAb (+) yes 5 7
only a marker for the disease, whereas the immunolog- no 13 19
ical disorders are mediated by cell-dependent factors. TSHRAb (+) ) 5
The presence of autoantibodies is a diagnostic and () - 19
prognostic marker and the titre .of antlbodleg implies TRAb (U/)) | 10,11%4,20
the predominance of a certain type of immune (x+ 8%)
response Th1 or Th2. Most often, these are aberrations
Table 4.
Hormone levels in relation to TPOAD titers.
Hypothyroidism (n=16) Thyrotoxicosis (n=26)
TPOAD (+) P TPOAD (-) TPOAb (+) P TPOAD (-)
TSH (mIU/I) 45,71+12,19 | >0,05 32,83+13,10 0,08+0,02 >0,05 0,08+0,03
(xxSx)
T4 (pmol/l) 6,98+0,90 >0,05 5,94%2,01 29,40+4,05 >0,05 | 22,75%5,98
(xxSx)
£T3 (pmol/l) 3,67+0,50 >0,05 4,60£0,426 11,01+1,99 >0,05 9,51+3,72
(x£8x)
Thyroid volume (ml) 12,91+1,41 >0,05 12,88+1,23 13,14+1,67 >0,05 11,51+1,31

of the balance between lymphocyte subpopulations -
Th1, Th2, NK-cells and their regulators T-reg lympho-
cytes (7) as well as complement-related mechanisms
where the degree of activation of the complement sys-
tem correlates with the morphological changes and
severity of thyroid dysfunction. In this study 9 women
presented with thyroid dysfunction in the absence of
high autoantibody titers. which is likely to be caused by
predominance of Th1 immune response involving the
cell-mediated destructive mechanisms. In women with
pre-existing autoimmune thyroid disorders worsening
of the thyroid functional and morphological state has
often been observed (2). Seventeen women with a his-
tory of thyroid disease - mainly autoimmune thyroiditis
had been included in the study. In the patients receiv-
ing replacement therapy, the dose of levothyroxine
after the delivery was reduced to that taken before the
pregnancy. It can be assumed that the thyroid dysfunc-
tion in these cases resulted from postpartum aggrava-
tion of the underlying immunological conflict.

The occurrence of hypothyroidism de novo or dete-
rioration of the thyroid function in the women with pre-
existing thyroid disease can undergo dynamic changes,
but a long-term follow-up over a period of five years
found that 30 to 50% of women develop permanent
hypothyroidism after an episode of PPTD (11).

Thyrotoxic syndrome which presents during the
first 12 months after delivery requires consideration of
thyrotoxic phase of PPT and debut or relapse of
Graves' disease. The main diagnostic tool that helps to
verify the diagnosis is the level of TSHRAb. In our
study high titers of TSHRAb were present in 5 women
and a correlation between their levels and the free
fractions of the thyroid hormones was found. These
findings lead to the conclusion that in these patients
thyrotoxic syndrome was a consequence of hyperthy-
roidism resulting from the stimulatory activity of
TSHRAD. In the rest of the cases thyrotoxicosis was
determined as a transient thyrotoxic phase of the post-
partum thyroiditis.
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Correlations between hormonal and immunologi-
cal parameters in women with PPTD.

Conclusion:

2/

Postpartum thyroid dysfunction occurs most com-
monly in association with elevated titers of thyroid
autoantibodies. Thyroid hormonal and morphological
alterations are more pronounced when the antibody
titers are higher. Thyroid disorders manifested in the
postpartum period makes it necessary a dynamic
assessment and an individualized approach to be taken
in order to precise the need for medical treatment.
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Pesiome

Peeyaayuama Ha anemuma u memaboauzma ce ocbwecmBaBa B xunomasamyca upe3 CAOKHU MeXaHu3MmuU.
OcHoBHUMe XOpMOHU, KOUMO peayAupam npuema Ha XpaHa ca AenmuH, KoUmo NomMucka anemuma, U 2pPeAuH,
KoUmo cmumyaupa anemuma. B aumepamypama Hama gocmambuHo gaHHU 3a BAuaHUEmMO Ha pazAudHume gu-
emuyHU pakmopu (MazHuHU, 6GeambuuHu, 2AUKeMUYEH UHgeKc) Bbpxy GaraHca Ha Me3U XOPMOHU NPU 3aMABC-
maBaHe.

Llenma Ha Hawemo npoyuBaHe e ga ce u3caegBa edpekma Ha gBa xpaHumeaHu pexkuma, pazaudaBawu ce
no 2aukemuuvHua uHgekc-Hucwk (HI) uau Bucok (BI'M) Bbpxy naazmeHume HuBa Ha 2peAuH u AenmuH, Kakmo
u Bbpxy aHMponomempuyHUME napamempu Ha hauueHMu CbC 3amabecmabBane.

Mamepuaau u memogu. NpoBegeHo e 16-cegMUUHO paHgoMU3UPaHO, KOHMPOAUPAHO gUEMOAO2UYHO NPO-
yuBaHe npu Auua ¢ HagHOpMEHO mez2Ao U 3amabemabBade. Obwuam 6pol Ha nauueHmume 6e 30, Ha cpegHa
Bb3pacm 46 2oguHu (26-62), cbC cpegHa cmolHOCM Ha uHgekca Ha meaecHa maca (MTM) - 32,8 (26-43) ke/m2.
Auyama, koumo nokpuBaxa Bcuuku BraouBawu u HUMO eguH om u3kAlouBawume Kpumepuu 6axa paHgomu-
3upaHu B gBa xpaHumeaHu pexxkuma, pazauvaBawu ce no 2AuKemuveH uHgekc (HUCHK uau Bucok). B Havaromo
u B kpas Ha npoyuBaHemo caegHUME aHMPONOMEMpPUYHU U gpyau hapamempu 6axa uzmepeHu: meaecHa ma-
ca, ITM, obukoAka Ha MaaAuf U XaHW U CbOMHOWeHUe MeXgy max, macmHa maca (% u k), akmuBHa macmHa
Mmaca, apmepuasHo HaAnszaHe, naa3meHu HUBa Ha 2peAuH u AenmuH.

Pe3zyamamu. TloaydeHume pe3yamamu omuyumam Nno-20AAMO NOHUXKEHUE Ha meAecHama maca npu Auua-
ma Ha guema ¢ HI'M 8 cpaBHeHue HamareHUEMO Ha meaecHama maca npu hauueHmume Ha guema c BI'. Pasz-
AUYHUAM 2AUKEMUYEH UHJEKC Ha xpaHume He Bogu go npomaHa 68 naazmeHume KOHUEHMpaUUU Ha 2PeAuH U
AenmuH. Bbnpeku, ue He ce omyumam cmamucmuyecku NpomeHu B XopmoHUMeE, KOUMO pea2yaupam anemu-
ma, gaHHUmMe noka3zBam Aeko noHuXKeHue Ha HuBama Ha AeNMUH NpU 2pynama Ha HUCHK 2AUKEMUYEH UHJgeKC.

3akaroyeHue. Huckuam 2AuKemudeH uHgekc Ha xpaHume noBauaBa 6aazonpusmHo napamempume Ha 3am-
AbcmaBaHe. Heobxogumu ca gba2ocpouHu uzcaegBaHus, 3a ga ce ycmaHoBu BauaHuemo Ha guemama 6 peay-
Aauuama Ha anemuma u memaboau3ma.

KaroyoBu gyYMU: 2peauH, AenmuH, 3amabcmaBaHe, 2AUKEMUYEH UHJeKC

VBog 3amabcmaBaHemo e XpoHUYHO mMemaboAumHo 3aboas-
BaHe, koemo Bogu go pazBumuemo Ha 3axapeH guabem
mun 2, cbpgeuHo-cbgoBu 3ab6oaaBanus, pak, ocmeoapmpo-
3a u gp., kakmo u go BrowaBare kavecmBomo Ha »xuBom
u go noBuweHa cmbpmuocm (1, 2). NMocaegHuMe gaHHU CO-
uyam, ye 1/3 om Bb3zpacmoBomo HacereHue Ha CALLL e cbe
3amabcmaBane (2).
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Teogopa XaHg)kueBa-AvpaeHcka u cbmpygHuyu

Cuuma ce, ye HAgHOPMEHOMO ME2A0 Ce cpeuwa
NO-4eCcmo NPU Mb>Ke, OMKOAKOMO NPU >KEeHU, HO XKe-
Hume ca no-vecmo cbe 3amabcmabate (3). Mocaeg-
HU gaHHU Oom HauyuoHaAHu u3caegBaHug, koumo ca
npegcmaBeru om International Obesity Task Force
(IOTF) nokazBam, ue 3amabcmaBaHemo ce cpewa
npu 10-20% om mb>xeme, u npu 10-25% om >xeHume
(2). CBemoBHama 3gpaBHa opeaHu3zauus onpegeaa
3amabcmaBaHemo kamo naHgemua Ha XXI Bek (2).
HaBAuzaHemo Ha 3anagHua cmua Ha XpaHeHe U >Ku-
Bom, kolmo ce xapakmepu3upa Cc NPeKkoMepHa KOH-
cymauusa Ha MazHuHu, Ha 6bp30 ycBoumu 3axapu u Ha
Hucka cpusudvecka akmuBHocm, cb3gage mepmuHa
,diabesity” (guabem u 3amabcmaBate) (4).

3amabcmaBaHemo ce xapakmepu3zupam C gbA-
20mpaeH NoAoXKUMeEAeH eHepaueH baraHc. PazBumue-
mo Ha 3amabcmaBaHe ce onpegeaa om B63aumo-
geticmBuemo Ha mHOXKecmBo 2eHeMUYHU (hakmopu u
hakmopu Ha cpegama, koemo ce nomBbprkgaBa om
MHoxkecmBo enugemuorozudHu npoyuBaHua cpeg Ha-
ceaeHuemo (2).

PEZgI\CI yug Ha anemuma

Caeg omkpuBaHemo Ha nbpBua om xopmoHume
Ha macmHama mbkaH - AenmuHa om Y. Zhang u
cbmp. (8) npegu 20 2o0guHu 3anouyHa HOB nepuog 6
pa3zagaBaHemo Ha mexaHu3zMume Ha peayrauua Ha
anemuma. AenmuHbmM e XOPMOH, KOUMOo ce omgean
OM MacmHama MbKaH U Cu2HaAU3Upa Ha CMPYKMy-
pu u nenmugu 8 xunomaaamyca ga ce nomucHe xpa-
HeHemo. YcmaHoBeHo e, ue AenmuHbm HamaanBa
npuema Ha xpaHa. [pu xopa cbc 3amabcmaBaHe
naazmeHume HuBa Ha Aenmun 3a Bucoku, koemo ce
gbAXKU Ha m.Hap. aenmuHoBa pezucmeHmHocm.
Mpe3 1999 M. Kojima u comp. omkpuxa 2peauHa (8).
ToBa e xopMmoH, KOUMO ce cuHmMes3upa om eHgoKPUH-
HUMe KAemMKU Ha cmomawHama AuzaBuua. OcHoBHu-
me (PyYHKUUU Ha 2peAuH ca ga noBuwaba anemuma, ga
CMUMYAUpA Npuema Ha xpaHa u ga HamaaaBa macmHa-
ma okcugauus. Mpegu xpaHeHe HuBama Ha 2peAuH 6
kpbBma ca Bucoku, a caeg xpaHeHe ce HOPMaAu3u-
pam. YcmanoBeHo e, ye npu Auya cbe 3amabemaba-
He nAazmeHume HuBa Ha 2peAuH ca Hucku.

Mpe3 nocaregHume 20 20gUHU HamareHUemo Ha
npuema Ha ma3HuHu ce u3noa3Ba mBbvpge uecmo 6
npeBeHuuama u AedeHuemo Ha 3amabcmaBaHemo.
AbazompalHu epekmu Ha MO3u Mun XpaHumeaeH
pexxum, obaue, He ce ycmaHoBaBam HanvAHO (5, 6).
3amoBa yyeHume Hacoyuxa BHUMAHUEMO CU KbMm
npoyuBaHemo Ha aamepHamuBHU guemoAO2UYHU
nogxogu. Poaama Ha Bbeaexugpamume u Bpb3kama
um ¢ pazBumuemo Ha 3amabcmaBare 6ygu BuHazu
20A9M HaydeH uHimepec. Jenkins u comp. (7) cuumam,
ue Bberexugpamume umam pazauyHo HuBo Ha ab-
copbuua 6 kpbBoobpaweHuemo u ca KpumuyeH
(hakmop 3a HaAUYMUEMO Ha XUNEPUHCYAUHEMUS.

F'AukemuyeH uHgekc Ha BbaaexugpamHume
XpaHu

F'AukemuuHusm uHgekc ompazaBa cBoicmBomo
Ha 6oeamume Ha Bbeaexugpamu xpaHu ga noBuwam
HuBomo Ha kpbBHama 2atoko3a (nAowma nog KpuBa-
ma Ha - AUC) caeg npuem Ha 50 g uucma 2aloko3a
npe3 ycmama (7). Caeg npuem Ha xpaHa ¢ Bucok 2au-
kemuveH uHgekc (BIM) ce HabaogaBa 6bp3o noBu-
weHue Ha nAagmeHama 2AlKo3a u caeg moBa-pazko
cnagaHe Ha Xunep2Aukemuama, gokamo KOHCYmauus-
ma Ha XpaHa C HUCbK 2AukemudeH uHgekc (HIM) Bo-
gu go nocmeneHHo nokayBaHe Ha kpbBHamMa 2AKo-
3a u 6aBeH cnag go gocmuezaHe Ha HOPMO2AUKEMUS.

IukemuuHuam uHgekc (M) ce onpegeana no caeg-
Hama opmyaa:

AUC (area under the curve) Ha 50 g mecm xpaHa

TN =—---mmmmmm e * 100,
AUC (area under the curve) Ha 50 g
pegepeHmHama xpaHa

Kbgemo mecm xpaHa e XxpaHama, Ha Koamo ce u3-
caegBa 2aukemuvHUA UHGEKC; pehepeHmHama xpaHa
npegcmabBasBa 50 g 2aoko3a.

Cnopeg ma3u popmyaa ' ce onpegean, kamo ce
u3uucau naowa nog kpuBama (AUC) 2 uaca caeg
npuem Ha uzcaegBaHama xpaHa u ce pa3geAa Ha u3-
yucAeHama KopechoHgupawama naou, nog kpuBama
Ha pedhepeHmMHama XxpaHa, Kamo Ce YMHOXXU no
100%. BwveaexugpamHume XpaHu ce pa3geAam Ha
makuBa ¢ Hucok (£50), cpegen (50-70) u Bucok (>70)
2AUKemuyeH uHgekc (7).

CowecmByBam pazAudHU mexaHu3mu, Koumo
cBobp3zBam M cbc 3amabecmaBaHemo. XpaHume ¢
HIM nogo6paBam uHcyaunHoBama uyBcmBumen-
Hocm (8). MNpoyuBarua Ha Brand-Miller u comp. (9)
Bbpxy edpekma Ha xpaHu ¢ BN Bbpxy macmHama
mbkaH u mezaomo npu 3gpabu gobpoBoauu. Pe3ya-
mamume gemoHcmpupam noBuweH eHepaueH npu-
eM U HamaAeHa mMacmHa oKcugauusa CAeg npuem Ha
xpaHu ¢ BI'.

B aumepamypama auncBam gaHHu 3a npoyuBa-
Hua Bbpxy BAUAHUEMO Ha pa3AUYHUA 2AUKEMUYEH UH-
geKc Ha xpaHume Bbpxy 2peAuH u AenNMuH, XOPMOHU-
me, KOUMO pe2yaupam anemuma u memaboau3ma.
3amoBa ueama Ha npoyuBaHemo bGewe ga ce onpe-
geAu epukacHOCMMaA Ha gageH XpaHUMmeAeH PeXKum
6 AeueHuemo Ha 3amabcmaBaHemo, Kakmo u ga ce
onpegeAau BAusHUEMO Ha 2AUKEMUYHUA UHJEKC Ha
BberexugpamHume xpaHu Bbpxy cekpeuyusma Ha
2peAuH u AenmuH 8 kpbBma.
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Mamepuaau u memogu

INpoyuBaHemo npegcmaBaaBa 16-cegmuuHo pat-
gOMU3UPaHO, KOHMPOAUPAHO gUEMOAO2UYHO U3CAE]-
BaHe npu xopa ¢ HagHOPMEHO Me2A0 U 3amabcmaba-
He, npu koumo ce u3zyvaBa egpukacHocmma u 6e30-
NacHOCMMA Ha NPUAOXKEHUEMO Ha Pa3AUYHU gue-
MUYHU peXkumu, Koumo ce pasaudaBam no 2aukemu-
yeH uHgekc. Auemoaoz2uuHomo npoyuBaHe e uvacm
om 2paHm, cnevyeaeH Kbm MuHucmepcmBomo Ha O6-
pazoBaHuemo u Haykama, TKA 1602/ 2006. Llanocm-
HOMO KAUHUYHO npoyuBaHe e u3zBbpweHO Cb2AaCHO
u3uckBaHuama y Hac 3a paboma c nauueHmu. Komu-
cuama nNo emuka Ha MeguuuHckume Hayku Ha Megu-
uyuHcku yHuBepcumem-Codpua (KEHVIMYC) gage xog
Ha uzcaegBaremo (Ne 1205/26. 06. 08).

AusaliH Ha npoy4yBaHemo

B npoyuBanemo yuyacmBaxa 30 Auua (Mbxke - 7,
KeHu - 23), cpegHa Bb3pacm - 46 20guHu (26-62),
CbC CAegHUME aHmponomempuyHu u kadecmBeHu
nokazameau: meaecHa maca 88,5 ka. (66,6-129,7), un-
gekc Ha meaecHa maca (MTM) - 32,8 (26-43), o6ukoa-
Ka Ha maauama (cm)-101 (79-127), obukoaka Ha xaH-
wa (cm) - 113 (86-129,7), cbomHOoweHUe ma-
aua/xaHw-0,9 (0,7-1,1), macmHa maca (%) - 39 (24-
47,5), macmHa maca (k2) - 34,6 (21-51,8), akmuBHa
macmHa maca (ke) - 54 (41,8-88,3). ApmepuaaHomo
HaAfeaHe Ha yvacmHuuume bGewe cbC cmolHoCcMu
Ha guacmoAHo (mmHg) - 79 (70-90) u cucmoAHo
(mmHg) - 121,5 (100-150). NMra3meHume HuBa Ha
obw, xorecmepoa, HDL- u LDL-xonecmepoa, mpuzaau-
uepugu u KpbBHa 3axap 6axa 8 Hopma.

Bcuuku nauuenmu nokpuBaxa Bcuuku BkaouBa-
WU U HUMO eguH om u3KkaouBawume Kpumepuu.
BrarouBawume kpumepuu 6axa caegHume: auua om
MBXKKU U XKEHCKU NoA Ha Bvb3pacm om 20 go 60 20-
guwHa Bb3pacm; UTM >25 k2/m% aekyBaHa xunep-
moHua (<140/90 mmHg) u 6e3 npomaHa 6 mepanus-
ma B8 nocaegHume 4 cegmuuu; AekyBaHa xunepxoaec-
mepoAemuUa C aHMU gucAunugemMuyHa mepanus; pe-
2yAUpaHa uYpe3 mepanua Xunepmpuzaauuepugemus;
Auua om Bcudku emHuyecku pacu; nyweHemo bewe
no3BoaeHo. M3kaouBawume kpumepuu ca: apmepu-
AAHO HaaseaHe Hag 160/100 mmHg; 3axapeH guabem
uAu npegguabemHo cbcmosHue; HeaekyBaHa xunep-
xorecmepoaemusn (>7,0 mM); HeaekyBaHa xunep-
mpuzaauuepugemus (>3,0 mM); TM 245 ke/m?; 3ab60-
AaBaHua Ha wumoBugHama >kAe3a (Auua ¢ gobpe
KOHMPOAUPAH XUNOMUPEOUJU3bM CbC 3amecmumen-
Ha mepanua moxkexa ga ydacmBam); obmeHHU Hapy-
weHua (boaecm Ha KywuHe, XunepuHcyAauHemus, CAY-
yau € XunepargocmepoHU3bM); NapeHXUMHU yBpex-
gaHua Ha 6eau gpob6oBe, uepeH gpob, 6vbbpeyy; gpy-
2U eHgOKpuHHU 3aboaaBaHus; ncuxuampuuHu 3a60-
AaBaHus; cucmemHu UHPEKUUO3HU U Bb3naaumenHu

3aboanBaHug; guaezHocmuuupaHo 3aokadecmBeHo 3a-
6oaaBaHe B nocaegHUME 5 20gUHU; XpaHUMEAHU aAep-
2UU; cneyuguYHU guemuyHu pexkumu (Bezemapuan-
uu, AMKUHC); AakmoO3Ha HegocmambyHOCM UAU gpy2a
XpaHumeAHa UHMOAEPaHMHOCM; XpaHUMEeAHU pa3-
cmpolicmBa; GpemeHHOCM U AaKmauus; mepanua C Ae-
kapcmBa, koumo Bogam go pegykuua Ha meaaomo 6
nocaegHume 2 meceua npegu HavaAromo Ha uzcaegBa-
Hemo; xupypeauyHa uHmepBeHuyun 3a AeveHue Ha 3a-
mabcmaBaHemo npegu Havaromo Ha uzcaegBaHemo.

MauueHmume 6Gaxa BkAlOUYEeHU Ha CAyuaeH NpPUH-
uun B8 cregHume XxpaHUMEAHU peXxumu: guema C Hu-
CbK 2AukemudeH uHgekc (AHTM) u guema c Bucok 2Au-
kemuydeH uHgekc (ABI'M). Mo Bpeme Ha uanomo npoyu-
BaHe nauueHmMumMe nocemuxa KAUHUKama 3a CAegHu-
me cpewu: CKpUHUHZ, Ha KOUMO ce onpegeAu gaau na-
yueHMbM moxke ga yyacmBa 8 uzcaregBaHemo, kakmo
u mpu omgeaHu cpewu 6 xoga Ha npoyuBaHemo. Xpa-
HUMeAHUME pexkumu 6axa CbC CbgbpykaHue Ha MazHU-
HU (£ 30%) om obwua eHepeaueH BHoc, Bbeaexugpamu
- >55% u 15% 6eambuuHu, pazaudabawu ce camo no
2AUKEMUYEH UHgeKC HUCbK < 50; Bucok > 70). MNauuen-
mume noayuuxa o6cmouliHa uHgropmauua U CNUCHK C
XpaHume, koumo ca no3BoAeHu u, KOUMO He ca ho3-
BoaeHu 3a cbomBemHama 2pyna. fAukemuyHUAM UH-
gekc Ha guemudHume pexxumu bewe onpegeAeH Ha
6a3zama Ha cbwecmByBawume mabauyu. XpaHumen-
HUuMe pexxumu baxa ¢ egHakBa karopulHocm (u3oka-
AopuliHu) u ce npuemaxa ad libitum.

B Tabauua 1 ca npegcmaBeHu aHmponomempuy-
HUMeE U gpyau Xapakmepucmuku Ha nauyueHmume,
patgomusupaHu 6 gBa guemuunu pexkuma (Taba. 1).

B Hauaromo u kpasa Ha npoyuBaHemo Ha Bcuyku na-
uueHmu b6axa HanpaBeHu caegHume uzmepBarus:

1. AHKemeH memog

AHamHe3a U cmamyc, cHemu no cmaHgap-
meH NPOMOKOA C NUCMEHO pazpabomeHa Kapma Ha
nauueHma, B koamo ce BkatouBa usrama uHgopma-
uua Ha nauueHma, kakmo u BrkarouBawume u uzKAOY-
Bawume kpumepuu 3a yyacmue 8 npoyuBaHemo.

2. AHmponomempuuHu uzmepBaHusa
VITM e onpegeaeH upe3 pa3geaaHemo Ha
mezaaromo B k2 Ha pbcma 6 cm?.

TaAauama u xaHWbM ca U3MepeHU CbC cCaHmMuMe-
mbp-reHma 6 cm cnopeg Kpumepuume Ha Yanovski
SZ: N3mepBare Ha maauama: Hal-markama oBGuUKOAKa
Ha Mopca, Kamo Ma He e HenpemeHHo Ha HuBomo Ha
nbna. MNMpu 3amabcmeAu nayUeHmMU, NPU KOUMO AUN-
cBa maaus, ce uzmepBa Hal-maakama xopu3zoHmManHa
obukoaka mexkgy 12m0 pebpo u uAuayHama Kocm.
UzmepBane Ha xaHwWa: xaHWbM e MaKCUMaAHama 3ag-
Ha yacm Ha cegaauwemo. IMpu 3amabcmeAu nayueH-
mu npegHama abgomuHaaHa cmeHa moxke ga Bucu u
mpabBa ga 6bge BratoueHa B usmepBaremo.

KauecmBeH aHaAu3 Ha mbkaHume ce ocbwecmBaba
¢ anapam Tanita Body Composition Analyzer (TBF-215).
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Tabauya 1. Xapakmepucmuka Ha nayueHmume, paHgomu3upaHu 68 gBa muna xpaHumeaHu pexkumu 8 HauaAOMOo Ha ekchepumeHma

AHIU 2pyna (n=15)| ABI'U zpyna (n=15)
Bv3pacm (20g.) 43 +£3,3 48 £ 2,3
TeaecHa maca (k2) 92,3+5,8 88,2 + 4,8
BucouuHa (cm) 1,61 0,3 1,66 £ 0,3
UTM (k2/m?) 34,4 £ 1,89 34,2 £1,79
MM (%) 38,3 £2,3 39,4+ 1,5
MM (ko) 343 +3 34,7+ 2,3
AMM (k2) 55,1 + 4,3 53,5 + 3,3
T (cm) 104,2 + 4,02 97,9 £ 3,47
X (cm) 114,5 + 3,3 112,4 £ 3,8
T/X 0,91 + 0,003 0,86 + 0,002
CAH (mm Hg) 120 + 3,9 121,8 £ 2,8
AAH (mm Hg) 80 = 0,002 79 £ 0,002

AaHHume ca npegcmaBeHu Kamo cpegHa CmouHOCM * cmaHgapmHa
epewka Ha cpegHama.

Vi32omBaHe Ha 3-gHeBeH xpaHumeaeH gHeBHuk. MayueHmume
6axa UHCMpyYkmupaHu ga 3anucBam Bcuuku XpaHu u HaNUMKU, KO-
umo npuemam gBa nocaegoBameAHu gHU om cegmuuama u eguH
om nouuBHume gHu.

Cmamucmuyecku aHaAus

Bcuuku gaHHu 6axa aHaAu3zupaHu cbc copmyep SPSS, v. 13.
MoAayyeHume pe3zyamamu ca obpabomeHu cmamucmuuecku U
npegcmaBeHu kamo cpegHa cCmMoUHOCM * CcpegHa 2pewka Nocpeg-
cmBom memogume Ha gucnepcuoHHuAa aHaau3 (one-way ANOVA)
u npegcmabeHu epadpuyHO Ype3 cmamucmuyeckama npozpama
SPSS u Microsoft Excel, 2003.

Pesyamamu

Epekm Ha 2AuKkeMuuyHUA UHGEKC Ha xpaHume Bbpxy aHmpono-
mMempuyHUMe nNoKa3ameAu u MaCmHama mbKaH Ha hayueHmu C
HagHOpPMEHO Me2A0 u 3amAabcmaBane

B Tabauua 2 ca npegcmaBerHu ocHoBHume noka3ameau Ha
3amAbcmaBare Ha nauueHmu, paHgomuzupanu 68 ABIM u AHIU, 6

Hayaaromo u B kpaa Ha ekcnepumeHma,
KaKkmo u cpegHama npomaHa Ha CAegHU-
me napamempu: MmeAecHO Maca (K2),
macmHa maca (k2), macmua maca (%), ak-
muBHa macmHa maca (kz2), obukoAka Ha
maAusma (cm), CbOmMHOWeHuUe ma-
Aua/xaHw. lloAayveHume pe3zyamamu
omuyumam no-20AAMO NOHUXKEHUE Ha
meaAecHama maca (- 4,0 k2) npu Auuama
Ha AHI B8 cpaBHeHue HamareHUEeMO Ha
meAecHama maca (- 1,8 ke) npu nauyueH-
mume Ha ABI'. YcmanoBeHo 6e no-20-
AAMO NOHUXKEHUE Ha meAecHama maca
(c 68%) Ha nauyueHmume Ha AHIU cnpa-
mo 2pynama Ha ABI (Due. 1).

He ce omyuma cmamucmuyecku 3Hauu-
Ma NpomaHa Ha obukoAkama Ha maaus-
ma (AHIMM: 1,9 + 1,1; ABIW: - 3,7 + 1,3).
He ce HabaiogaBam npomeHu u B
cmodHocmume Ha MM (%, ke), Ha
AMM (ke), Ha cbomHoweHuemo T/X 6
gBeme 2pynu.

Edpekm Ha 2AUKEMUYHUA UHGeKC Ha
xpaHume Bbpxy naazmeHume Huba Ha
2PEeAUH U AeNMUH Ha hayueHmMu ¢ Hag-
HOpPMEHO mezA0 u 3amAbcmabane

He ce ycmanoBaBam cmamucmu-
Yecku 3Ha4yumu pazauku B8 naazmeHume
HuBa Ha 2peAuH u AenmuH Ha nauuemu-
me ¢ AHI'M u ABI'M. Omyuma ce Hama-
AEHUE Ha nAazmeHua aenmuH B8 2pyna-
ma Ha AHT cnpamo 2pynama Ha ABI'M
(Dua. 2, Due. 3). Mog BauaHue Ha 2AuKe-
MUYHUA UHgeKC He ce ycmaHoBaBa npo-
maHa B naazmeHume KoHUeHmpauuu Ha
2PEAUH NpU NauueHmMu CbC 3amAbCMS-
BaHe.

Tabauya 2. Edpekm Ha guemume C pa3AudeH 2AUKeMUYeH UHgeKkc Bbpxy meaecHama maca u gpyau aHmponomempu4HUme napamempu
AHIUN (n=15) ABI'U (n=15)
B Hayaromo B kpaa lpomana B navaromo B kpaa lMpomana

Teano (k2) 90,7 £ 5,8 86,757 -40%+29 88,4+ 4,38 86,6 = 4,8 1,8 £1

MM (%) 38,3+2,3 38,5+2,1 -0,2+20 39,4+ 1,5 39,4+ 1,5 0

MM (k2) 343+3 34,5+ 3 0,2 3,0 34,7+ 2,3 34,1+2,6 0,6+2,3

AMM (k2) 55,1 + 4,3 55+ 4,3 0,1+ 4,3 53,5+ 3,3 52 %32 1+3,2

T (cm) 103 +4,02 984+35 -1,9+1,1 98,3 + 3,5 94,6 + 3,5 3,7+1,3

T/X 0,91 0,90 0,10 0,86 0,86 0

AaHHume ca npegcmaBeHu kamo cpegHa cmoulHocm £ cmargapmua epewka. AHIV-guema ¢ HUCBK eAukemudeH UHGEKC;
ABI-guema ¢ Bucok eaukemuydeH uHgekc; MM-macmua maca; AMM-akmuBHa macmHa maca; T-maaus; T/X-cbomHoweHue

maaus/xaHw
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93,00

CpemHa peayKIHs HA TETT0TO (KI.)

CpegHa pegykuua Ha meAaecHama maca (k2)

92,00 6 gBeme 2pynu creg 16-cegmuuen ad libi-
tum npuem Ha guema c Bucok (ABI'M) uau

91,00 - guema C HUCbBK 2AukemudeH utgekc (HIN).
AaHHume ca npegcmaBeHu kamo cpegHa

90.00 | cmoUHocm * cmaHgapmHa 2pewka.

b

89,00 -

88,00 - HauaaHo Terio

87,00 - W EKpaiiHo Ter.o

86,00 -

85,00 -

84,00 -

83,00 |

ABI'H rpyna JHI'H rpyna

Ecpekm Ha 2aukemuuHua uHgekc Bbpxy naazmeru HuBa Ha
epeaut (pg/ml) npu nayueHmu ¢ 3amabecmaBaqe. AaHHu-
me ca npegcmaBeHu Kamo cpegHa cmodHocm + cma-
gapmHa epewka. AHIM-guema ¢ HUCBK 2AUKEMUYEH UH-
gekc; ABMM-guema ¢ Bucok 2aukemuyeH UHgeKc.
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JHTH rpyma JBI'H rpyma
ObcvkgaHe

3amabcmaBaHemo e 20Aam enugemudeH npobaem
8 peguua gbpxkabu, Bkatouumenaro y Hac (1, 2). Mexa-
HU3MUMe Ha 2eHe3a Ha 3amabcmaBaHemo BkatouBam
poAama Ha pasaudHu BugoBe xpaHumeAHU peXkumu,
npomeHawu memaboauzma u Bogewu go yBeauuero
HampynBaHe Ha macmu 6 pazauuHu opzaHu. Cbgbp-
»KaHuemo Ha pazaudHume guemu e BaxeH dpakmop 8
peayaauuama Ha meaecHama maca, macmuama u Goe-
AexugpamuHama obmaHa. M36ecmHo e, ue Bverexug-
pamume u mazHuUHUMe ca ocHOBHUAM U3MOYHUK Ha
eHepaus U eHepauyHu gena, kakmo 8 macmHume

Ecpekm Ha eaukemuuHusa uHgekc Bbpxy naazmeHu HuBa Ha aenmuH
(pg/ml) npu nauueHmu c 3amabcmaBare. AaHHume ca npegcmaBeHu
Kamo cpegHa cmolHocm * cmaHgapmHa 2pewka. AHI-guema c Hu-
CbK 2AUKemuydeH uHgekc; ABIM-guema ¢ Bucok 2aukemuueH uHgekc.
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JHTH rpyma JABTH rpyma

mbKaHu, maka u 8 yepHua gpob. KombuHauuama om
MakpoHympueHmume B8 xpaHume mogyaupam ane-
muma u XopmoHaAHua cmamyc, cBbp3aH ¢ memabo-
AU3Ma.

FAukemuuHUAM UHgekC Gewe npegaoXeH npes3
1981 2. kamo aanmepHamuBHa cucmema 3a Kaacugu-
yupaHe Ha XxpaHume, cbgbprkawu Bvaaexugpamu (7).
Bonpeku 3Hauumua 6pod nybaukyBaHu pe3zyamamu
om npoyuBaHua 3a BAuAHUEMO HA 2AUKEMUYHUA UH-
gekc Bbpxy memaboau3zma, Maako ca uzcaegBaHuama
u ¢ npomuBopeuvuBu gaHHU, OMHOCHO poAama Ha
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2AUKEMUYHUA UHQEKC NpU AedyeHue Ha 3amabcmaba-
Hemo upe3 guema (7-10, 13, 15). Hue dpokycupaxme
Bbpxy npogbAKUMeEAHUA edpekm Ha xpaHu ¢ Bucok
UAU HUCBK 2AUKemMudeH uHgekc Bbpxy nokazameau
Ha macmHa u Bbeaexugpamua oGmaHa U nokazameau
Ha 3amabcmaBane.

Peguua xopmoHu yuacmByBam 6 peayrauuama Ha
memaboau3zma u npomeHume 6 max Bogam go npome-
Hu 8 meaecHama maca, BkalouumeaHo 3amabcmaba-
He (8, 12, 13). Npe3 nocaegHUMe 20guUHU Ce goka3a
yyacmuemo Ha 2peAuH u Aenmut 8 pezyaayua Ha me-
maboAumHume ¢pytkuyuu (8). He Hamepuxme ybegu-
meAHu gokazameacmBa 6 aumepamypama, omHoC-
HO poAAMa Ha 2AUKEMUYHUA UHgEKC Ha xpaHama (Hu-
Cbk uAu Bucok) Bbpxy mexaHuzmu Ha 3amabcmaba-
He, BKAIOYUMEAHO ydacmuemo Ha 2PeAUuH U AenmuH
B8 memaboauzma. MNMocmaBaHemo Ha xopa cbc 3am-
AbcmaBaHe 3a uemupu meceueH nepuog Ha guema c
BUCOK UAU HUCBK 2AUKeMuYeH uHgekc goBege go Ha-
marnBaHe Ha meaecHama maca. Hawume pe3yama-
MU He NoKa3axa cmamucmuyecka 3Hayuma NpomaHa
8 meaecHama maca Ha yyacmuuuume BcaegcmBue
KOHCYMauuama Ha guemuuHu peXkumu, Koumo ce
pa3zauvaBam no 2aukemuveH uHgekc (HI u BIA).

ToBa moxke ga ce gbAXKU OmM egHa cmpaHa Ha He-
gocmambuHua O6pol nauueHmu UAU Ha Hegocma-
mbyHUA Nnepuog Ha npocaegaBaHe. Hawume pe3ya-
mamu KopeAaupam ¢ gaHHume om gpyzo 8 napanen-
HO, paHgomu3upaHo npoy4yBaHe, npoBegeHo Bbpxy

45 gobpoBoauu B8 npogbaxkeHue Ha 10 cegmuuu Ha
Sloth u comp. (10). ABmopume He ycmaHoBaBam
npomaHa 6 meaecHama maca, kakmo u 8 gpyau aHm-
ponomempudHU hapamempu, maka u 6 pa3znpegene-
HUEMO Ha MacmHama MbkaH MexXXgy 2pynume Ha gu-
ema c¢ BI'M uau guema c HIM (10). Obaue, 8 cowo-
mo moBa npoyuBaHe ce ycmarHoBaBa HamareHue Ha
LDL-xorecmepoaa 8 epynama Ha HI' 6 cpaBreHue ¢
2pynama c BI'M. PegoBHama koHcymauua Ha XpaHu ¢
BI'M B8 cpaBHeHue ¢ u3zoeHepauliHa xpaHa ¢ HIM uma
Kamo pe3yamam no-Bucoku 24-yacoBu naazmeHu
HuBa Ha 2Al0KO3a U UHCYAUH, no-Bucoka cuHmesa Ha
C-peakmuBer nenmug (CRP), kakmo u noBuweH
2AUKUpaH xemo2A00uH (HbA, ) npu nauueHmu c/6e3
3axapeH guabem (9, 12).

Hawume npoyuBaHua BHacam HoBocm ¢ u3caeg-
BaHusma Bbpxy 2peAuH u AenmuH C pe3yamamu 3a
npomeHu 6 naazmeHume um HuBa BcaegcmBue KoH-
cymauuama Ha XpaHu c pa3audeH M. B3emu 3aegHo,
Hawume npoyuBaHua u nybaukyBaHume 6 Aumepa-
mypama gaHHu gaBam ocHoBaHue ga gonycHem, ve
xpaHume ¢ Bucok 2aukemuueH uHgekc Bogam go
npomeHu 666 BvbeaexugpamHua memaboauzbm, Kou-
mo akmuBupam mexaHU3MU Ha XOPMOHAAHA pea2yAa-
uufa Ha anemuma u memaboAu3Ma U NPU KOHMPOAHU
>kuBomHu uAau xopa (6e3 3amabcmabBaHe) mo2am ga
goBegam go puck om 3axapeH guabem ¢ nocaegBauy,
puck om 3amabcmaBate.
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index on plasma levels of leptin and ghrelin in
obese patients

Handjieva-Darlenska, Teodora S.", Karamfilova, Vera N.’, Kamenov, Zdravko A?
Boyadjieva, Nadka L.

' Department of Pharmacology and Toxicology, Medical Faculty, Medical University, Sofia
?Clinic of Endocrinology, Alexandrovska hospital, Medical Faculty, Medical University, Sofia

Address for correspondence:
Teodora Handjieva-Darlenska, MD, PhD

2, Zdrave, Str. 1431 Sofia
E-mail: teodorah@abv.bg

Pesiome

The hypothalamus is the main site for regulation of appetite and metabolism. Two major hormones play a role
in this regulation - leptin which decreases appetite, and ghrelin which increases appetite. There are not enough
data in the literature concerning the effect of different dietary factors (lipids, proteins, glycemic index) on the bal-
ance between ghrelin and leptin in obesity.

Therefore, the aim of our study was to examine the effect of two diets varying by glycemic index (low vs. high)
on the plasma levels of ghrelin and leptin, and on the anthropometrical parameters in obese subjects.

Materials and methods. A 16-week randomised, controlled, dietary intervention was performed in subjects
with overweight and obesity. The total number was 30 (men and women) with a mean age of 46 years (26-62),
mean body mass index (BMI) of 32,8 (26-43) k2/m* Those subjects who met all the inclusion criteria and none
of the exclusion criteria were enrolled in the study and randomised in two dietary arms varying by glycemic index
(low vs. high). At the begining and at the end of the study the following parameters were measured: body weight,
BMI, waist and hip circumferences, waist-to-hip ratio, fat mass (% and kg), fat free mass, arterial pressure, plasma
levels of ghrelin and leptin.

Results. The results showed higher reduction in body weight in the group on a low glycemic index (LGI) diet
in comparison with the group on a high glycemic index (HGI) diet. The glycemic index of foods didn‘t exert any
effect on the plasma levels of ghrelin and leptin. However, in the group on a LGl diet a slight decrease in leptin
concentrations was detected.

Conclusion. The LGl diet has a beneficial effect on the parameters of obesity. More studies are needed to
demonstrate the long-term effect of these diets in the regulation of appetite and metabolism.

Key words: ghrelin, leptin, obesity, glycemic index

Introduction

Obesity is a chronic metabolic disorder which leads
to the development of diabetes mellitus type 2, various
cardio-vascular diseases, cancer, osteoartritis, and
impaired quality of life and increased mortality (1, 2).
The latest data show that one third of the adult US pop-
ulation suffers from obesity (3). Overweight is more
common among men than among women, but obesity

is more common in women than in men (4). The
International Obesity Task Force (IOTF) has demonstrat-
ed that obesity ranges from 10 to 20% in men and 10
to 25% in women (2). The World Health Organization
(WHO) defines the obesity problem as a pandemic sit-
uation in the XXI century. The transition to a western-
ized lifestyle which is characterised by the high fat and
carbohydrate intake and the low physical activity devel-
oped the term ,diabesity” (diabetes and obesity) (4).

Endocrinologia vol. XIX Ne4 /2014




Teodora Handjieva-Darlenska et al

Regulation of appetite

The discovery of the first hormone derived from the
fat tissue - leptin by Zhang et al. in 1994 made a revo-
lution in the understanding of the mechanisms of
appetite regulation. Leptin is a hormone which is synthe-
sized from the fat cells, and gives signals to the hypothal-
amus to decrease appetite. It is well-known that leptin
suppresses food intake. Obese people have high leptin
levels which is related to a leptin resistance. The antag-
onist of leptin action is ghrelin, a peptide, discovered
more recently by Kojima et al. (8). Ghrelin is a hormone
which is secreted by the endocrine cells of the stomach
mucosa. The main ghrelin effects are: to increase
appetite, to induce food intake, and to decrease fat oxi-
dation. Before eating the plasma levels of ghrelin are
high, and after eating the ghrelin levels in the blood
decrease. It is established that obese people have low
plasma levels of ghrelin (8).

Over the past two decades, reduction in dietary fat
intake has been widely advocated for the prevention
and treatment of obesity. However, the long-term effec-
tiveness of these diets has been called into question
(5,6). A research interest in alternative approaches has
emerged. The role of the carbohydrates and their role in
the development of obesity have been always on con-
stant interest. Jenkins et al. (7) created the glycemic
index (Gl) in order to classify the carbohydrate foods,
according to their glucose response in the blood. The
authors have proposed that all carbohydrates are not
equivalent. The rate of absorption of the carbohydrate
foods into the blood stream is a crucial factor in the
hyperinsulinemia.

Glycemic index

The glycemic index is a parameter that shows how
the different carbohydrate foods change the plasma glu-
cose levels (the area under the curve, AUC) compared
to the oral intake of 50 g pure glucose (7). After the
intake of food with high glycemic index (HGI) the blood
glucose promptly increases, and then rapidly decreas-
es, whereas the intake of low Gl (LGI) food leads to a
gradual increase of blood glucose, and then gradual
decrease of blood glucose to normoglycemia.

The glycemic index is calculated by the following for-
mula:

AUC (area under the curve) Ha 50 g test food
Gl=--------mmommmm e - * 100,

AUC (area under the curve) Ha 50 g reference food

where the test food is the carbohydrate food under
examination; the reference food is 50 g pure glucose.

According to the formula Gl is defined by the calcu-
lation of the AUC of the test food after 2 hours intake,
that is then divided by the AUC value of the reference

food, and finally is multiplied by 100%. The carbohy-
drate foods are defined as such with low Gl (<50), mod-
erate Gl (50-70) and high Gl (270), (7).

Different mechanisms associate Gl with obesity.
Foods with LGl improve the insulin sensitivity (8). Studies
by Brand-Miller et al (9) have investigated the effects of
LGI foods on fat storage and weight gain in healthy vol-
unteers. The data showed an increased voluntary food
intake and lessened fat oxidation after a HGI meal.

There are not enough data in the literature on the
effect of the different Gl on ghrelin and leptin, the hor-
mones that regulate appetite and metabolism.
Therefore, the purpose of this study was to investigate
the efficacy of the diet in the treatment of obesity, as
well as to evaluate the effect of Gl on the ghrelin and
leptin secretion in the blood.

Materials and methods

The study was a 16-week randomised, controlled
dietary intervention in subjects with overweight and
obesity. The efficacy and safety of the two diets varying
by Gl were investigated. The study was parttially sup-
ported by a grant of the Ministry of education and sci-
ence, TKL 1602/2006. The dietary intervention was per-
formed according to the ethical requirements of the
Ehical commission of the Medical University, Sofia (N2
1205/26.06.08).

Study design

The study involved 30 subjects (7 male, 23 female),
mean age - 46 years (26-62) with the following anthro-
pometric parameters: body weight - 88,5 kg (66,6-
129,7), body mass index (BMI) - 32,8 kg/m? (26-43),
waist circumference - 101 cm (79-127), hip circumfer-
ence - 113 ¢cm (86-129,7), waist-to-hip ratio - 0,9 (0,7-
1,1), fat mass - 39% (24-47,5), fat mass - 34,6 kg (21-
51,8), fat free mass - 54 kg (41,8-88,3). The mean arte-
rial blood pressure was for diastolic - 79 mmHG (70-
90), and systolic - 121,5 mmHg (100-150). Plasma lev-
els of total cholesterol, HDL- and LDL-cholesterol,
triglycerides, and glucose were within the referent inter-
vals. All patients met all the inclusion and none of the
exclusion criterias. Inclusion criteria were: any gender,
age 20 to 60 years; BMI >25 kg/m? treated hyperten-
sion (<140/90 mmHg) without a change in therapy for
at least 4 weeks; hypercholesterolemia treated with anti-
dyslipidaemic therapy; regulated by therapy hyper-
triglyceridemia; any ethnicity; smoking was allowed.
Exclusion criteria were: blood pressure over 160/100
mmHg; diabetes or prediabetic state; untreated hyperc-
holesterolemia (>7,0 mM); untreated hypertriglyc-
eridemia (>3,0 mM); BMI 245 kg/m? thyroid disease
(persons with well-controlled hypothyroidism with
replacement therapy could participate); some
endocrine disorders (Cushing's disease, hyperinsuline-
mia, hyperaldosteronism); parenchymal damage to the
lungs, liver, kidneys; other endocrine dis
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eases; psychiatric disorders; systemic infectious and
inflammatory diseases; diagnosed malignancy in the last
5 years; food allergies; special dietetic habits (vegetari-
an, Atkins); lactase deficiency or other food intolerance;
eating disorders; pregnancy and lactation; therapy with
drugs that lead to a reduction of the weight in the two
months preceeding inclusion in the study; surgical inter-
vention to treat obesity before inclusion in the study.

Patients were randomly assigned to the following
dietary arms: diet with a low glycemic index (LGI) and
diet with a high glycemic index (HGI). Throughout the
study, the patients were invited in the clinic for the fol-
lowing visits: screening, which determined whether the
patient could participate in the study, and three separate
visits in the course of the study. After the screening visit,
the participants were randomised to one of the dietary
interventions with the following charecteristics: 30% E
from fat, 15% E from protein, 2 55% E from carbohy-
drate which varied to either low Gl (< 50) ot high GI (>
70). Patients received detailed information and a list of
foods that were allowed or not allowed for that group.
The glycemic index diet was determined based on exist-
ing tables. Both diets had equal caloric values
(isocaloric) and ad libitum.

Table 1 shows the main anthropometric and other
characteristics of the subjects, randomised into two dif-
ferent dietary interventions (Table 1).

At the beginning and end of the study all patients
inderwent the following procedures:

1. Personal history questionnaire and clinical
examination

Medical history and physical examination,
taken according to a standard operating protocol (SOP),
and filled in the subject’s CRF, which included all the
information of the patient, as well as inclusion and exclu-
sion criteria for participation in the study.

2. Anthropometric measurements
« BMI was determined by dividing the weight in kg by
the height m*.

3. Waist and hip were measured with a centimeter
tape in centimeters according to the criteria of Yanovski
SZ: Measurement of waist: the smallest circumference
between the 12" rib and the iliac crest. Hip measuremen:
the hips was meaqsured at the highest circumference.

4. Body com position analysis was carried out with a
Tanita Body Composition Analyzer (TBF-215).

5. Preparation of 3-day food diary. The subjects were
instructed to record all food and liquid intake on two
consecutive weekdays and one weekend.

Statistical analysis

All data were analyzed by SPSS, v. 13 The results
obtained were processed statistically and presented as
mean = mean error.Analysis of variance (one-way
ANOVA) was used for data comparison and the results
were presented graphically using SPSS and Microsoft
Excel, 2003.

Results

Effect of glycemic index of food on anthropometric indi-
cators and fat tissue distribution in patients with over-
weight and obesity

Table 2 presents the main parameters of the studied
subjects, (LGl and HGI) at the beginning and the end of
the dietary intervention period, and the average change.

The results showed a greater reduction in body
weight (-4,0 kg) in the LGI group compared to the HGI
group (-1,8 kg), (Figure 1). No statistically significant
changes were observed in the waist circumference
(HGI group: -1,9 £ 1,1; LGI group: -3,7 £ 1,3), the FM
(% and kg), FFM (kg), and waist-to-hip ratio (Table 2,
Figure 1).
Effect of the glycemic index of the food on the plasma
levels of leptin and ghrelin in the subjects with over-
weight and obesity

There were no statistically significant differences in
the plasma levels of ghrelin and leptin between the two
groups (low vs. high Gl). A slight decrease in plasma lep-
tin levels was determined in the LGl group compared to
the HGI group (Figure 2, 3). No effect of Gl (low vs.
high) on plasma ghrelin concentrations was detected in
both groups.

Discussion

Obesity is a major epidemic problem in many
countries, including Bulgaria (1, 2, 14). The mecha-
nisms for development of obesity include the role of
the different types of diets, which alter metabolism and
lead to increased fat accumulation in various organs.
The content of the different diets is important in the
regulation of body weight, fat, and carbohydrate
metabolism. It is well known that carbohydrates and
fats are the main source of energy. The combination of
different macronutrients could modulate appetite and
the hormonal status associated with metabolism.

The glycemic index was proposed in 1981 as an
alternative system for classification of foods containing
carbohydrates (7, 12). Despite the significant number
of published data related to the effect of Gl on body
weight and metabolism, few studies with conflicting
results demonstrate the role of glycemic index in the
treatment of obesity (7-10, 13, 15). We focused on the
ling-lasting effect of foods with a high glycemic index
or low on indicators of fat and carbohydrate metabo-
lism and the indicators of obesity.

Several hormones are involved in the regulation of
appetite and metabolism. Changes in these hormones
could lead to changes in the body weight, including
the development of obesity (8, 12, 13). Numerous
studies proved the involvement of ghrelin and leptin in
the regulation of metabolic functions (8). We found no
convincing evidence in the literature on the role of the
food glycemic index (low or high) on the mechanisms
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Table1  Baseline subject characteristics in both dietary groups
LGI group (n=15) HGI group (n=15)

Age (years) 43 +3,3 48 +2,3
Body weight (kg) 92,3 +5,8 88,2+ 4,8
Height (cm) 1,61+0,3 1,66 £ 0,3
BMI (kg/m’) 34,4+ 1,89 34,2 +1,79
FM (%) 38,3 +2,3 39,4+1,5
FM (xg) 343 +3 34,7 +2,3
FFM (kg) 55,1 + 4,3 53,5+ 3,3
W (cm) 104,2 + 4,02 97,9 £ 3,47
H (cm) 114,5 £ 3,3 112,4 + 3,8
W/H ratio 0,91 + 0,003 0,86 + 0,002
SBP (mm Hg) 120+ 3,9 121,8 +2,8
DBP (mm Hg) 80 + 0,002 79 + 0,002

Data are presented as mean + standard error of the mean.

The authors didn‘t find changes in the
weight and other anthropometric
parameters and in fat distribution
between the groups (LGl or HGI) (10).
Further data demonstrated beneficial
effects of LGl on LDL-cholesterol in a
parallel, randomized study conducted
on 45 volunteers for 10 weeks. The reg-
ular consumption of food with HGI
resulted in higher 24-hour plasma glu-
cose and insulin levels, increased syn-
thesis of C-reactive protein (CRP),and
elevated glycated hemoglobin (HbA1c)
in patients both with and without dia-
betes (9, 12).

Table 2

The effect of the diets varying in glycemic index
(low vs. high) on the body weight and the other
anthropometrical parameters

LGI group (n=15) HGI group (n=15)
Beginning End Change Beginning End Change
Body weight | 90,7 +538 86,757 4029 88,4+ 48  8661t48 1,8+ 1
(kg)
M (%) 38,3 +2,3 38,5+ 2,1 0,2 £2,0 39,4+ 1,5 39,4+ 1,5 0
FM (kg) 343 +3 34,5+ 3 0,2 £ 3,0 347+23  341+26 0,6 2,3
FFM (kg) 55,1 + 4,3 55+ 4,3 0,1+ 4,3 53,5 + 3,3 52 +3,2 13,2
W (cm) 103 + 4,02 98,4+35 -1,9+1,1 98,3+3,5 94,6 +3,5 3,7+13
W/H ratio 0,91 0,90 0,10 0,86 0,86 0
The data are presented as mean * standard error of the mean.
of obesity, including the ghrelin
. . 93,00
and leptin synthesis.
The current 16-week interven- 92,00
tion study demonstrated a reduc-
. . . . . — 91,00 .
tion in body weight in both dietary [ Baseline
groups (LGI vs. HGI). Our results = 90,00 weight
didn‘t show any significant effect 7 B o
. S Weight at
of LGl on body weight. This might 8 39,00 thelgnd
be due to the relatively small num- - 88.00
ber of subjects or the short period ~
on the dietary intervention. These oo 87,00
data are in accord with the data D
86,00
reported by Sloth et al (10). 3
85,00
84,00
Mean weight loss in both dietary groups
after the 16-week study period. The data 83,00 -

are presented as mean + standard error of
the mean

HGI diet

LGl diet
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The effect of low vs. high glycemic index foods on plasma
levels of ghrelin (pg/ml) in obese subjects. The data are pre-
sented as mean * standard error of the mean
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0,80 —

0,60 —

0,40 —

Plasma ghrelin (pg/ml)

HGI diet

LGl diet

The effect of low vs. high glycemic index foods on plasma levels of lep-
tin (pg/ml) in obese subjects. The data are presented as mean * stan-
dard error of the mean.

400 |
£
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HGI diet LGl diet

Our study brings novelty to the research on ghrelin and leptin secretion under the influence of food with differ-
ent glycemic index (low vs. high). Taken together, our study and the previously published data demonstrate that
HGI foods lead to changes in carbohydrate metabolism, with the consequent risk of development of obesity.
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KoHceHcycu u npenopvku /Consensuses and recommendations

Mpenopvku 3a camokoHmpona Ha kpbBHama
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Pe3iome

CamokoHmMpoAbm Ha kpbBHama 3axap (CKK3)
Ce npuema 3a UHMez2paAHa Yacm om AeyeHUemo Ha
3axapeH guabem mun T u e om KpuMuy4HO 3HayeHue
3a onmumu3upare Ha 6e3onacHocmma u ecpekmuB-
Hocmma Ha npoBexkgaHume uHCyAuHoBU peskumu.
ToBa ce omHaca u 3a nayueHmumMe CbC 3axapeH gu-
abem mun 2, koumo npoBexxgam uHmMeH3upuLUpa-
Ha uHcyauHoBa mepanus. Mima gocmambyHo gokaza-
meacmBa, e cmpykmypupaHusm CaMOKOHMPOA Ha
kKpbBHama 3axap uma 6aazonpusmeH edgekm npu
Bcuyku nauueHMuU CbC 3axapeH guabem mun 2, He3a-
Bucumo om npoBexxgaHama mepanua. Aocmbnbm
go CKK3, obaue, e oepaHuveH B8 peguua cmpaHu 6
LlenmpaaHa u M3mouna EBpona. Emo 3awo, 2pyna
om ekcnepmu om 10 cmpaHu om mMo3u peauoH (Cbe
CXOQHU UCMOpPUYECKU, NOAUMUYECKU U COUUAAHU YC-
AroBug) - bbazapus, XepBamcka, Yewka penybauka,
YHeapus, Moawa, PymbHua, Copbusn, CroBeHus, Cro-
Bakua u YkpatHa pazpabomu npenopuku, bazupaHu
Ha MeguuuHa Ha gokaza-meacmBama, 3a agekBamHo
npuaoxeHue Ha CKK3 kamo yacm om uHguBugyaau-
3upaHuUa nogxog npu 3axapeH guabem. ExkcnepmHa-
ma 2pyna cuuma, ye CKK3 e BaxkHo cpegcmBo,

Abstract

Self-monitoring of blood glucose (SMBG) is
universally considered to be an integral part of
type 1 diabetes management and crucial for opti-
mising the safety and efficacy of complex insulin
regimens. This extends to type 2 diabetes patients
on intensive insulin therapy. There is also a grow-
ing body of evidence suggesting that structured
SMBG is beneficial for all type 2 diabetes patients,
regardless of therapy. However, access to SMBG
is limited in many countries in Central and Eastern
Europe. Therefore a consensus group of diabetes
experts from ten countries in this region (with
overlapping historical, political and social environ-
ments) - Bulgaria, Croatia, Czech Republic,
Hungary, Poland, Romania, Serbia, Slovakia,
Slovenia and Ukraine has developed evidence-
based recommendations for the appropriate use
of SMBG as a part of the individualised patient
management. The expert group considers SMBG
to be an essential tool that should be accessible to
all patients with diabetes, including those with
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Koemo mpa6Ba ga e gocmbnHo 3a Bcuuku navueHmu
CbC 3axapeH guabem, BkAlOUUMEAHO U Me3uU CbC 3a-
xapeH guabem mun 2, koumo He npoBexxgam Aeye-
Hue ¢ uHcyauH. OcHoBHama ueA Ha npenopbkume e
ga ce nognomoz2Ham nauueHmume u 3gpaBHume
BAacmu 3a onmumanHo npuroxkeHue Ha CKK3 8 Llen-
mpaaHa u M3mouHa EBpona ¢ uena ocueypaBaHe Ha
MakcumaaHo ecpekmuBHa u 6ezonacHa mepanus, npe-
BeHyun Ha ycAoXkHeHUAMa, KakKmo u HacbpyaBaHe Ha
nayueHmume 3a akmuBHo yuacmue 6 uarocmHuA
KOHMpOoA Ha 3aboaaBaHemo.

KatoyoBu gymu:

camokoHMpoA Ha kpbBHa 3axap (CKK3), cmpykmy-
pupaH camoOKOHMPOA, 3axapeH guabem

3HayeHue Ha camokoHmpoaa Ha kprBHama
3axap npu 3axapeH guabem

CamokoHmpoabm Ha kpwbBHama 3axap (CKK3)
ocuzypaBa cvbupaHe Ha nogpobHa uHopmauua om
navuueHmume omHocHo HuBama Ha kpbBHama um 3a-
xap 6 pazauuHo Bpeme Ha geHa c uea HazaacaBaHe Ha
mepanuama u npomaHa 8 HauuHa Ha »xuBom, Hacoue-
HU KbM nogobpaBaHe Ha 2AUKEMUYHUA KOHMPOA U
npeBeruua Ha pa3zBumue Ha cBvbp3aHu ¢ guabema
ycaoxkHeHua (1). CKK3 ce ocvwecmBaBa ¢ nomow-
ma Ha uHguBugyaAHu 2AIOKOMEMPU, KOUMO U3Mmep-
Bam HuBomo Ha 2aloko3ama B kpwBHa npoba om
yboxkgaHe Ha npbcm. Heobxogumu ca cbomBemHu
yMeHUA OM CmMpaHa Ha nauueHmume No OMHOoWeHUe
Ha CKK3, kakmo u u3noa3BaHe Ha HagexxgHU cpegcm-
mBa 3a moBa. CoBpemeHHUME 2AI0KOMEMpPU ca Nop-
mamuBHu, Hakou gaBam pe3yamam camo caeg 5 ce-
KyHgu, uznoa3zBam marko koauvecmBo kpbB - nog
2uL, pazepaHuyaBam cmolHocmu npegu u caeg Xpa-
HeHe, cbxpaHaBam go 500 pe3zyamama 6 namemma
cu (2, 3). Hakou 2alokomempu umam B2pageH 6oAyc
KaAKyAamop u npenopbuBam uH>XekmupaHe Ha KOH-
KpemHa uHcyauHoBa gosa, ¢ koemo npaBam no-6e30-
nacHo B3emaHemo Ha peweHua oM cmpaHa Ha nauu-
eHma (4). 3a pazauka om HbA;. CKK3 ocuaypaBa
uHgpopmauua 3a HUBomo Ha 2aoko3ama 6 peaaHo
Bpeme, koemo no3zBoaaBa aganmupaHe Ha mepanus-
ma u HacbpuaBa nauueHmume 3a akmuBHo yuacmue
B KkoHmpoaa Ha 3a6oaaBaHemo.

Peguua HauuoHaAHU U MeXXgyHapogHU Op2aHu3a-
uuu ca nybaukyBaau npenopbku 3a npoBexkgaHe Ha
CKK3 npu 3axapeH guabem, 6 koumo Hal-06wo ce
npenopbuBa pegoBeH CaMOKOHMPOA Npu 3axapeH
guabem mun 1 u 3axapeH guabem mun 2, Komo e
Ha AedyeHue C UHCYAuH (5-11). Bce owe cvwecmBy-
Bam npomuBopeuua omHocHO HeobGxogumocmma
om npoBexgare Ha CKK3 npu nayueHmu cbc 3axa-
peH guabem mun 2, Koumo He ce AekyBam C UHCy-
AUH (12, 13). AHaAu3 Ha HaAuMHUME NPENOPBKU 3a

non-insulin-treated type 2 diabetes. The ultimate
goal of these guidelines is to help patients and
healthcare providers in Central and Eastern
Europe make optimal use of SMBG to maximise
the efficacy and safety of glucose-lowering thera-
pies, prevent complications and empower the
patients to play a more active role in the manage-
ment of their diabetes.

Key words:

self-monitoring of blood glucose (SMBG), structured
self-monitoring, diabetes

CKK3 npu 3axapeH guabem mun 2, HeaekyBaH ¢ uH-
CcyauH, nocouBa, ye me ca no-ckopo 8 nogkpena Ha
npoBexxgare Ha CKK3 npu me3u navyueHmu (14). MNo-
coyeHo e, ye CKK3 uma 6AaazonpuameH ecoekm u npu
HeaekyBaHU C UHCYAUH nNauueHmu CbC 3axapeH gua-
6em mun 2 npu ycroBue, ye e yacm om UaAOCMHaA
npozpama 3a obyueHue u Aedyerue (12, 15, 16).

Cnopeg MexgyHapogHama AuabemHa (Degepa-
uusa, CKK3 mpabBa ga ce uznoazBa camo koeamo xo-
pama c guabem u 3gpaBHume cneuuarucmu umam He-
o6xogumume 3HaHua, YymeHus U >keaaHue ga Braiouam
CKK3 u cobomBemHomo HazaacaBaHe Ha mepanuama
6 uarocmHume 2puxku 3a 3axapHua guabem (5, 6).

AokazamencmBa B nogkpena Ha ynompeba
Ha CKK3 npu 3axapeH guabem mun 1 u mun 2

O6cepBauuoHHu u gpyau npoyuBaHua npu 3axa-
peH guabem mun 1 ca ycmaHoBuau cuaHa Bpb3ka
mexxgy no-yecmo npoBexkgare Ha CKK3 u no-Hucku
HuBa Ha HbA ;. (17,18). Ima gokazameacmBa, ue npo-
BesxkgaHemo Ha cmpykmypupaHd CKK3 npu 3axapeH
guabem mun 1 cbc cybonmumaseH KOHMPOA e cBbp-
3aHO CbC 3HauumMo nogobpeHue Ha HbA;. 6 cpabHe-
Hue ¢ obuyalHu 2puyku 3a 3aboaaBaHemo (19).
AaHHu om 2oaemu npocnekmuBHu u o6cepBayuoHHu
npoyuBaHua nogkpensm npuaoxkeHuemo Ha CKK3
NpuU nauueHmMuU CbC 3axapeH guabem mun 2, KOUMO
Ca Ha AeyeHue € UHCYAUH (17, 20, 21). AHaAO2UUHO Ha
DCCT, u npoyuBanemo Kumamoto noka3a, ue uH-
meH3udpuyupaHama uHcyauHoBa mepanus, BkarouBa-
wa u CKK3, Bogu go cHu)keHue Ha pucka om MUKpo-
cbgoBu ycroxHeHua B cpaBHeHue ¢ KoHBeHUUOHaA-
Ha mepanua npu 3axapeH guabem mun 2 (20). B npo-
yuBaHemo DOVES (Diabetes Outcomes in Veterans
Study), ynompebama Ha CKK3 e goBeaa go nogobpe-
HUE Ha 2AUKEeMUYHUA KOHMPOA NpU 20AAMa KOoxXopma
Om nauyueHmMu CbC 3axapeH guabem mun 2 Ha UHCY-
AuHoBa mepanus - cHwkeHue Ha HbA . ¢ 0,3% 3a ne-
puog om egHa 20guHa, Kamo Hal-20AaMa NoA3a e Hab-
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AtogaBaHa npu nayueHmu, Npu KOUMO NpugbpIKaHe-
mo kbm CKK3 e HagBuwaBano 75% (21).

HampynBam ce gaHHU om KAUHUYHU npoyuBaHua
6 nogkpena Ha noAazama om npoBexkgaHe Ha CKK3
npu 3axapeH guabem mun 2, HeaekyBaH C UHCYAUH,
HO NpogbaxkaBam KomeHmMapume OMHOCHO ueHama
u HeygobcmBomo om npoBexxgaHemo my (22, 23).
HakoAko memaaraau3a Ha npoyuBaHua Bbupxy CKK3
npu 3axapeH guabem mun 2, HeaekyBaH C UHCYAUH,
noka3zBam, ye CKK3 e cBbp3aH ¢ ymepeHo, HO cma-
mucMuYecku 3Ha4umo cHuxkeHue Ha HbA ;. 8 pamku-
me Ha 0,2-0,4% (24-26). TpabBa ga ce ombeaexu, ye
CKK3 ce e okazaa noaezeH eguHcmBeHo ko2amo no-
AyuyeHume pezyamamu ce u3znoazBam 3a HazracaBa-
He Ha mepaneBmuyHuMe pexxumu u e no-epekmu-
Ben npu nauuermu c no-Bucok uzxogern HbA{. (24).
Apyeau npoyuBaHusa ca HabatogaBaau Grazonpuame
epekm Ha CKK3 npu nauueHmu, HeaekyBaHu ¢ uHcy-
AUH, KaKmo ¢ gobbp, maka u ¢ acow kKoHmpoa (15,16).

Mma gocmamwbuHo gokazameacmBa 6 nogkpena
Ha npuAoxkeHue Ha cmpykmypupaH CKK3 npu 3axa-
peH guabem mun 2. CmpykmypupaHuasm CKK3 e
Nogxog, Npu Kolmo ce cbbupam gaHHU OMHOCHO HU-
Bomo Ha kpbBHama 3axap No onpegeAeHa Cxema, UH-
mepnpemupam ce u caeg moBa ce uznoa3zBam 3a cb-
omBemHo HazaacaBaHe Ha megukameHmMo3Hama me-
panua u HavuHa Ha >xuBom (13). KatouoBo npoyuBa-
He B8 ma3u Hacoka e STeP (Structured Testing
Program), npoBegeHo npu nauueHmu CbC 3axaped
guabem mun 2 C AOW 2AUKEMUYEH KOHMPOA, HEAEKY-
BaHu C UHCYAUH (27), KOUMO ca paHgoOMU3UpaHU Ha
akmuBHa KOHMPOAHa 2pyna u Ha 2pyna CbC CMpYK-
mypupar CKK3, uznoazBana popmyaap ca 2padpuy-
HO npegcmabaHe Ha cegemkpamHu KpbBHO-3axapHU
npoguau 8 mpu nocregoBameaHu gHu, BegHbXK Ha
mpu meceua. Ha 6azama Ha noaydeHume pe3zyama-
mu ca npaBeHu cbomBemHu NpenopbKU 3a NpomaHa
6 mepanusama Ha nayueHmume npu cpewama um c
Aekapume. HabaogaBaHo e 3Ha4YUMO NO-20AAMO CHU-
eHue Ha HbA{. creg 12 meceua npu nayueHmume
6 2pynama cvc cmpykmypupar CKK3 cnpamo koHm-
poAHama 2pyna (-1,2% cnpamo -0,8%, p<0,03). Pe3ya-
mamume noka3zBam, ye cmpykmypupaHuam CKK3
Bogu go no-paHHO, no-yecmo u no-edpekmMuBHO mo-
guduuupaHe Ha mepanuama Npu nayueHmu c Aow
2AUKEMUYEH KOHMPOA (28).

MpoyuBaHemo Rosso-in-praxi-international e npo-
BegeHo B bvAzapua u npaBu oueHka Ha epekma Ha
12-cegmuyHa 6a3upaHa Ha cmpykmypupaH CKK3
npomaHa B HauyuHa Ha >kuBom Bbpxy peguua mema-
6oAUMHU U gpyau nokazameau. HabaiogaBaHo e 3Ha-
YUMO CHUXXeHue Ha meAecHomo meaao, VITM, obu-
KOAKama Ha maaus, kpbBHama 3axap, apmepuaaHo-
mo HaanzaHe, LDL xorecmepoa u HbA{. 8 epynama,
npoBexxgara CKK3 cnpamo KoHmpoaHa 2pyna, Hen-
poBexgana CKK3. MpocaegaBaHe creg 1,5 20guHu
ycmaroBaBa, ye HbA;. ocmaBa cmabuaen 6 zpyna-

ma, npoBeskgara CKK3, Ho ce yBeauuaBa B koHmpoa-
Hama 2pyna. TpabBa ga ce ombeaexxu, ye npu nauu-
eHmume, koumo ca u3mepBasu kpbBHama cu 3axap
noBeue om mpu nbmu cegmuyHo, e HabaogaBaHo
0bwo cHwxeHue Ha HbA;. c 1,0% (p=0,006 cnpamo
navueHmume, umepBaau 3 uAU NO-MaAKO NbMu ceg-
MuuHo) caeg 1,5 2oguHu (29).

PaHngomu3upaHo KoHmpoaupaHo npoydBaHe no-
Ka3a, ye uznoazBanemo Ha CKK3 6 npogbaxeHue Ha
6 meceua Bogu go 3HAUYUMO CHUXKEHUE Ha u34vucAe-
Hua puckoB uHgekc 3a KopoHapHa 6oaecm Ha Cbpue-
mo (30). PempocnekmuBHomo o6cepBauuoHHo npo-
yuBarve ROSSO ycmaroBu, ue CKK3 e cBvp3aH ¢ Ha-
MaA€Ha Yecmoma Ha MUKPO- U MakpocbgoBu ycaox-
HeHua u obwa cmbpmHocm, He3aBucumo om NpPuUAo-
>KeHUemMo Ha UHCYAuH (31, 32). B Kpoc-CeKUUOHHO
npoyuBare 6 Typuua e HabAogaBaro, ye pegoBHama
ynompeba Ha CKK3 He oka3zBa 6Gaazonpuamen
epekm Bbpxy 2AUKemMUUHUA KOHMPOA, HO e cBbp3a-
Ha ¢ npeBeHuua Ha pazBumue Ha guabemHa Hedpo-
namus (33). AHaau3 Ha gaHHu om CALLL u EBpona no-
ka3a, ye CKK3 moxke ga e ukoHomuuecku egpekmu-
BeH npu 3axapeH guabem mn 2, KOUMO He e Ha Aeye-
HUEe C UHCYAUH, gO 20AaMa CmeneH nopagu HamaaBa-
He Ha ycaoxkHeHuama Ha 3aboaaBanemo (34, 35).

OckbgHU ca gaHHUmMe omHocHo edpekma Ha CKK3
Bbpxy pucka om Xuno2aukemus, Ho e HabalogaBaHo, ue
CKK3 nomaea Ha nayueHmume ga ycmaHoBam acumn-
MOoMamuy4HU enu3ogu Ha XUNO2AUKEMUA, KOeEMO e om
20AAMO 3HauYeHUEe 3a Xopa, Koumo He pazno3HaBam xu-
nozaukemus. MimeHHo npu maxkuBa nauueHmu e Heob-
xogumo yecmo npoBexxgaHe Ha CKK3.

CKK3 B LleimpanHa u UamouyHa EBpona -
peanHocmma

M3noazBarHemo Ha CKK3 u cucmemume 3a peum-
6ypcupaHe Ha cpegcmBa 3a CKK3 Bapupam 6 om-
geAaHume cmpaHu u pe2uoHu Ha cBema. Cumyayus-
ma e mBbpge pa3zaudrHa 8 10 cmparvu om LleHmpan-
Ha u Mi3mouHa EBpona, koumo ca ce npucbeguHuAu
kbm EBponelickua cbio3 npe3 nocaegHume 10 2oqu-
HU - bvAzapus, XbpBamcka, Yewka penybauka, YHeaa-
pus, NMoawa, PymwbHua, CroBeHua u CaoBakusa, uau Ha
KOumo npegcmou npucbeguHaBaHe npe3 caegBawu-
me 2oguHu - Copbua u YkpalHa, c 00wo HaceAreHue
Hag 100 muAuoHa.

Had-06wo gocmbnbm go cpegcmBa 3a CKK3 e
oepaHuyeH B peguua cmparu 8 LleHmpaaHa u W3-
mouHa EBpona, koumo ca ¢ omHOCUMEAHO O2paHu-
yeHu (puHaHcoBu pecypcu cnpamo cmaHgapmume
Ha 3anasHa EBpona. PeumbypcupaHemo Ha 2AtoKo-
mempu u mecm-reHmu Bapupa 6 pazauuHume cmpa-
Hu B8 peauoHa - B HAKOU CMpaHu 2AlLKOMeMpuUMe ce
peumbypcupam HanbAHO, Hal-Beue 3a geua, bpemeH-
HU, nauueHmMu Ha uHcyauH; B gpyeu ce peumbypcu-
pam Yacmuy4HO UAU He ce peumbypcupam; 6 Hakou
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cmpaHu ce npegocmaBam 6e3naamHo om npousBo-
gumeaume. [No-cepuo3eH e npobaembm ¢ peumbyp-
cupaHemo Ha mecm-AeHmu 3a uzmepBaHe Ha KpbBHa
3axap. B noBeuemo cmpaHu ce peumbypcupam
mecm-AeHMuU camo 3a NauUeHMU Ha UHCYAUH, Kamo
6poam um 3aBucu om peguua pakmopu - 6pol UH-
cyauHoBu ur>kekyuu, Bb3zpacm.

Emo 3awo, epyna om ekcnepmu om 10 cmpaHu
om M3mouna u Lienmpaana EBpona (cbc cxogHu uc-
mopuYeckU, NOAUMUYECKU U COuuaAHu ycaoBua) -
Bbvacapus, XepBamcka, Hewka penybauka, YHa2apus,

OCHOBHM TPENMOPBKA

Moawa, Pymbrua, Copbus, CroBeHus, CaoBakua u

YKkpaliHa pazpabomu npenopbku, 6azupaHu Ha megu-
uyuHa Ha gokazameacmBama, 3a agekBamHo npuao-
>keHue Ha CKK3 kamo uvacm om uHguBugyaausupa-
HUA Nogxog npu 3axapeH guabem (35). OcHoBHama
UeA Ha NpenopbKume e ga ce N0OgNoMo2Ham NauueH-
mume u 3gpaBHume Baacmu 3a ONMUMAAHO NPUAO-
»keHue Ha CKK3 6 LlenmpaaHa u Mi3mouna EBpona c
uen ocueypaBaHe Ha makcumaaHo epekmuBHa u Ge-
3onacHa mepanus, npeBeHyus Ha ycaoXkHeHuama,
Kakmo u HacbpyaBaHe Ha nayueHmume 3a akmuBHo
yuacmue 6 yarocmHua KOHMpPOA Ha 3aboaaBaHemo.

* CKK3 mpsabBa ga e gocmbneH 3a Bcuuku nayueHmu cbe 3axapeH guabem, BkalouumeaHo u

me3u, Koumo He ce /\ng6am C UHCUAUH.

* CKK3 mpab6a ga e uHguBugyaauzupaH om aekapa 6 napmHbopcmBo ¢ nauueHma
* KpadHnama uea Ha Bcaka cmpameaua 3a CKK3 mpa66a ga e ocueypaBaHe Ha 6e3onacHa u
egpekmuBHa mepanua u HacvbpuaBaHe Ha nayueHmume 3a akmuBHo yuacmue B AeyeHuemo Ha 3a-

6oaaBaHemo.

3axapeH guabem mun 1

He e Bv3moxxHo ga ce npoBexkga 6e3onacHo Ae-
yeHue Ha 3axapeH guabem mun 1 6e3 npoBexxgaHe
Ha CKK3, mbl kamo nauueHmume ca ¢ noBuweH
PUCK OM mMeXKa U ocmpa Xunoz2Aukemus, Kakmo u
OM gbA2OCPOUHU MUKPOCbgoBu ycaroxkHeHus, cBop-
3aHU C AOW 2AUKemuYeH KoHmpoa. Emo 3awo CKK3
ce aBaBa uHmezpasHa Yacm om AedeHuemo Ha 3axa-
peH guabem mun 1 u oM KPUMUYHO 3HaYeHUEe 3a on-
mumu3upaHe Ha egpekmuBHocmma u 6e3onacHocm-
ma Ha uHcyauHoBama mepanus.

MuHumaaHume uzuckBarua 3a CKK3 npu 3axapeH
guabem mun 1 BkatouBam uzcaegBate Ha kpbBHa 3a-
xap: exxegHeBHO Ha 2aagHO, npegu xpaHeHe/npegu Bca-
KO UHXKeKmuUpaHe Ha UHCYAUH, CAeg XpaHeHe - CAeq He-
obuyaeH npuem Ha xpaHa, noHe BegHbX CegMUYHO
npegu cbH. ToBa mpabBa ga e gocmambuHo, 3a ga ce
NOAYYU NbAeH KpbBHO-3axapeH NPOgOUA NPU HOPMAAHU
ycroBua u ga no3Boau ugeHmMuguuupaHe Ha nepuogu-
me Ha Xuno- U Xunepaaukemun u cbomBemHo Hazaacs-
BaHe Ha uHcyauHoBume go3u u xpaHeHe.

C uzcaegBanemo Ha kpbBHama 3axap caeg xpaHe-
He ce npaBu oueHKa Ha NOMEHUUAAHUA PUCK OM Cbgo-
Bu ycroxkHeHus, KOUMO e goka3aH npu 3axapeH gua-
6em mun 2, HO He MOXe ga Ce U3KAIOUU U NPU 3axapeH
guabem mun 1. M3mepBaHemo Ha kpbBHama 3axap
npegu CbH We NOMo2He Ha nayueHmume ga HanpaBam
NPOMEHU C UeA ga ce uzbezHe HOWHa XUNO2AUKEMUA.

AonbaHumeaHu uzcaegBaHua Ha KpbBHama 3axap
ce npenopbuBam npegu wodupaHe, no Bpeme Ha Ope-
meHHocm, no Bpeme Ha 3a6oaaBaHe, cmpec, npegu, Nno
Bpeme u caeg puzuvecka akmuBHocm. AonbAHUMEA-
HU uzmepBaHua Ha kpbBHama 3axap ce npenopbuBam
NPU NaUUeHMuU C NPU3HaUU Ha XUNO2AUKEMUA U NPU Ha-
pyweHo pa3no3HaBare Ha Xuno2aukemus, kamo npu

max He mpa6Ba ga ce nocmaBam oepaHuueHua no
omHoweHue Ha 6pol Ha mecm-AeHmu.

Mayuenmu, koumo npoBexgam AeyeHue C UHCY-
AuHOBU NOMNU, CHWO Ce HY>Kgaam om No-4ecmo Uu3-
caegBaHe Ha kpbBHama 3axap.

3axapeH guabem mun 2 Ha uHcyauHoBo AeveHue

MayueHmume CbC 3axapeH guabem mun 2, KOUMO
ce AekyBam ¢ uHcyauH, npegcmabaaBam gocma xeme-
pozeHHa 2pyna, mbl Kamo uHcyauHoBume pexkumu
npu max Bapupam om egHokpamHa uH>kekuua gHeBHO
go 6a3arHO-00AYCEH peXKum, XapakmepeH 3a 3axapeH
guabem mun 1. Hewo noBeue, npozpecuBHuam xog Ha
3axapeH guabem mun 2 u yecmama Heobxogumocm
Om uHMeH3uguUUUpPaHe Ha mepanuama Harazam yBe-
AuvaBane Ha uznoazBaHemo Ha CKK3 ¢ Bpememo. Emo
3awo e mpygHo ga ce HanpaBam o6wo npenopbKu 3a
CKK3 npu me3u nauueHmu Kamo cxemama u 4ecmo-
mama 3aBucam om uHcyauHoBua pexxum u npuema Ha
gpyau Xuno2AuKemMU3Upawu MegukameHmu.

Mpu nayueHMu Ha egHOKpamHa anAukauua Ha
gbazogetcmBauw, UHCYAUH ca HeoBXogumu MUHUMAA-
Ho gBe uzmepBaHua Ha geH - Ha 2AagHO U €gHO U3-
mepBaHe caeg npuem Ha XxpaHa, Kakmo u egHO u3mep-
BaHe npegu cbH BegHbxx cegmuuHo. M3caegBanemo
CYmpuH Ha 2AagHo e BaxkHo 3a HaeaacaBaHe Ha go3a-
ma Ha UHCYAUHA C UEA NOCMuU2aHe Ha NPUUEAHO HU-
B0 Ha 2aagHo, a usmepBaHemo caeg npuem Ha XpaHa
opueHmuUpa OMHOCHO KOHMPOAA Ha NOCMNpPaHguan-
Hama 2AuKemus.

MauueHmume Ha uHcyauHoBu cmecu mpadBa ga us-
cregBam kpbBHama cu 3axap Ha 2aagHo u BegHbik
gHeBHO caeg npuem Ha xpaHa, kamo ce npenopbyBa uz-
caegBaHe caeg pazaudHu xpaHeHua 8 pazaudHume gHu.

MauueHmu, Koumo npuemam cyAagOHUAYYpeeH

Endocrinologia vol. XIX Ne4 /2014




Tsvetalina Tankova et al

[Mpenopbku 3a camokoHMpPoA Ha KpbBHama 3axap npu 3axapeH guabem 8 Llenmpaara u Mi3mouna EBpona

Table 1.

OHh®03W/GZ

OHh®BW/0Z22

OHh®BW/0PZ

OHh2I2W/0LZ

OHh222W/G9Z

OHh®22W/02 12

SR

4 hYZ )

JLVqHM0OMNG - JLVqHM0ING -
JLYqHAOING - rxad rupkad
\ J rxad HaHamod) - HaHamod|] -
ILYAHNOING « HaHaModY] « 120HHONBdg « 120HHaMAdg «
120HHOMBdg « 120HHaMadg « 2ad1d 2ad12
120HH3MAdg « 29d1d 2ad12 /oHREBL00RE « /OHREBLO00RE =
29d1d jOHREBL 0GRS « JOHREBL00RE « 120HEHDILEND » 100HEUDIC'EHD «
joHREBL00RE « 1O0HEHDIL'EWD = 1O0HEH DI S » aHedwpom - aHedipom -
120HENDIC'EWD » aHedwhpom - aHedwhom - dHegeHeousedoH aHeaeHeousedoH
aHeaeHEoUERdOH aHegeHeousedoH aHeaeHeousedoH UM MO IUMHD UM MO IUMHD
WL MO IUMHD HLH MO LUMHD WM A0 IUMND BHHAHLIOUNY = BHHNHLIOUNY = J uML
EHHONIHLIOUNY » (5.:9...58.2 \ [5.:9...:.5:.2 k \_ .._RC \_ UAD =] s ndu oviey «
T T T
\ (OHRMNT3D |) (oHgaHT cJ
HAO urady « aneadanen
. . \ﬂ:ﬂ/ (oH8aHY |) OHTHAOLRU 91D
OHINOION ey Hauedy « aHaHedx Wau) « || OoHUBIMHUAUOY -
"_ ey nae ..w" . (oHKHNTaD |) OHEOHY (HoY wya28) (HoY wyo28) L umL
. = ) uexredy - | KaHTag AN oHURLIRY - OHUR L) a:&. s ndu oviey -
4 N
Lo8IX T - 1 \ 1 1 N 1
CH HIThCH TUHNLI/UAD - TUHNLI/UALD + Haueseo VWD x.o>=00
a eHwody *OMO)/OHOAl *OMO0){/OHO owed egoHNUAIHY -OHLeseg
. J & . J U S J
T T T T
HUUAOHU €39 HUUAOHU

S

£

]

Z UL 139VYUT HIdVXVE

WUHU3MHIquoY

BUHVYEd3IWEN

VIN3XO YHEOHOO0

BUUVYdIL

EngokpuHonozug mom XIX Ne 4/ 2014

236



npenapam uAu me2aumuHug 6 KombuHauua ¢ uHcy-
AUH mpabBa ga uzcregBam kpwbBHama cu 3axap no-
yecmo nopagu noBuweH puck om Xunoz2Aaukemus C
ma3zu kombuHauus.

NauueHmume Ha 6a3arHo-b0AyceH pexxum mpab-
Ba ga npoBexkgam CKK3, aHaroz2uueH Ha npoBexkga-
HuA npu 3axapeH guabem mun 1.

B cayual, ye HuBomo Ha HbA;. ocmaBa Bucoko
Bbnpeku nocmuzHamume NPUUEAHU CMOUHOCMU Ha
KpbBHa 3axap Ha 2AagHo, € Heo6XOgUMO NO-YeCMo u3-
cregBare Ha kpbBHama 3axap caeg XpaHeHe C uea
oueHKa Ha NOCMNPAHgUAAHUA 2AUKEMUYEH KOHMPOA.

3axapeH guabem mun 2, HeaekyBaH ¢ uHcyAuH

Cxemama Ha npoBexxgaHe Ha CKK3 npu nauueHmu
CbC 3axapeH guabem, koumo He ce aekyBam ¢ UHCYAUH,
3aBucu om pucka om xunozaukemus, cBbp3aH ¢ npuaa-
2aHUMe megukameHMU UAU C gpyau ¢pakmopul.

Mpu nauueHmu, koumo ce AekyBam ¢ megukameH-
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POpMUH, mua3zoAauguHguoHu, DPP-4 uHxubumopu,
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Casus pro diagnosi (npogvaxerue om 6poi 3)

CuHgpom Ha pe3ucmeHmMHOCm KoM
MupeougHu XOPOMOHU — KAUHUUYEH cAy4all

Honue6, boan N6., Apzcamcka, AHmoaHema B., Op6euo6a, Mapua M.
KauHuka no EHgokpuHoAozua u boaecmu Ha obmaHama,

YMBAA ,,CB. l'eopau”, Meguuurcku YHuBepumem, NMroBguB

Pe3slome:

Mpegcmaba ce cayyal Ha 26 20guwiHa hayueHm-
Ka C aHAaMHEeCMUYHU gaHHU 3@ mupeougHa NamoAo-
2ua om 7 2oguwHa Bv3pacm. MNMpe3 2007 2. creg nbp-
Ba HopmaaHO npomekAa GpemeHHOCM U paXkgaHe ca
ycmaHoBeHu Bucoku HuBa Ha ¢B.T, u cB.T; npu
cmouHocmu Ha TCX B8 pedpepeHmHU 2paHuuU U KAU-
HUYHU gaHHU 3a Aeka (popma Ha MUPEoMOKCUKO3a.
MpoBegeHo e mupeocmamuyHO AeuveHue, Ha hoHa
Ha Koemo ce peaucmpupa pazko nokauvBaHe Ha TCX
u HapacmBaHe obema Ha cmpymama. [pe3 2009 2. e
u3zBbpweHa mupeougekmomun nopagu Bucokocme-
neHHa cmpyma ¢ komnpecuBHa cumnmomamuka. Cae-
gonepamuBHo npu AeveHue ¢ aeBomupokcuH B8 go3a
go 300 ?g/gH nepcucmupam Bucoku cmolHocmu Ha
TCX npu noBuwenu cB8.T; u ¢6.T,. O6womo cbcmos-
Hue e gobpo 6e3 KAUHUYHU gaHHU 32 mupeougHa guc-
cpyHkuua. CepymHume nokazameau 3a geticmBuemo
Ha mupeougHume xopmoHu Bbpxy nepugepHume

mbkaHu ca 8 pepepeHmHu epaHuuu. [Npu MPT ce yc-
maHoBaBa mukpageHom Ha xunoduzama 6e3 noBu-
wieHa cekpeuua Ha gpyau ageHoxunodu3apHu Xopo-
moHu, ocBeH TCX. B gudpepeHuuarHo-guazHoCMuYeH
NAaH ca 006CbgeHU CUHGPOM Ha pe3ucmeHmHocm
KbM mupeougHu xopmoHu (PTX) u TCX-npogyuupaw,
mymop Ha Xxunodpu3ama. V36bpweH e 2eHemuueH
aHaAu3 Ha nayueHmkama u HelUHu pogcmBeHuyu om
nbpBa cmeneH. YcmaHoBeHa e mymauua 68 xopmoH-
cBbp3Bawun gomelH Ha B-peuenmopa Ha MupeogHU-
me XOPMOHU - 3amaHa Ha (peHuAaAaHuH C yucmeuH 6
kogoH 451 (F451C). Cbwama mymauusa e HamepeHa
npu bawama u cecmpama Ha nauueHmkama. B cvue-
maHue ¢ moBa, u npu mpumama 3acezHamu ureHoBe
Ha hamuausma ce omkpuBam noBuweHu mumpu Ha
TINOAm, ompaszaBawu nogaexkawa aBmoumyHHa mu-
peougHa 6oaecm. Hepazno3HnaBanemo Ha cuHgpoma
Ha PTX Bogu go nocaegBawga HenpaBuaHa mepaneB-
MUuYHa Hameca, KOAMOo MOXe ga 3agbAbouu Cbuecm-
ByBawume HapyweHuA U ga 3ampygHU Ae4eHUemo u
npocaegaBaHemo Ha 3acezHamume uHguBugu.

KaroyoBu gymu: cungpom Ha pesucmeHmHocm Kbm mupeougHu XopmoHu, aBmoumyHHa mupeougHa 6orecm,

mupeomoKCUKo3a

Obcvxgare

XopmoHaaHUMe noka3ameAu 3a oueHka oyHkyuama Ha wumoBugHama >Ae3a ca cpeg Hal-4ecmo U3NoA-

36aHume ArabopamopHu mecmoBe B kKauHuuHama mupeougoaoz2ua. 3a wacmue, npu hoBeyemo nauueHmu
mbAkyBaHemo Ha hyHKUUOHAAHUME NOKa3zameAu e AeCHO U KomOuHauuama om mupeougHu xopmoHu (c6.Ts,
¢6.T,) u mupeocmumyaupaw, xopmoH (TCX) 6 cbuemaHue ¢ KAUHUYHUME xapakmepucmuku nomBbp>kgaBam
eymupeougHo CbCMOAHUE, MUPEOMOKCUKO3a UAU Xunomupougu3bm. Bbnpeku moBa, npu egHa maaka, HO 3Ha-
yuma 2pyna nauueHmu rabopamopHume pe3yamamu uau He cbomBemcmBam Ha KAUHUYHAMa KapmuHa UAU
ce npegcmaBam 8 HeobuualHu, ,Heduzuoro2udHU” KoHcmeAauuu. [NMocmaBaHemo Ha moyHa guazHo3a 6 me-
3u cayyvau uzuckBa cmpykmypupaH nogxog u 3aBucu om BHumameaHama KAUHUYHA OUEHKa, CbiemaHa ¢ NPoc-
AegaBane Ha AabopamopHume mecmoBe u npoBexkgaHe Ha ONbAHUMEAHU PAgUOAO2UYHU U 2EHEMUYHU U3C-
AegBanua. PagauuHume cbuemaHua mexgy HuBama Ha mupeougHume xopmoHu u TCX npu (pu3uoAc2UYHU U
NamoAO2UYHU CbCmoaHuA ca cucmemamusiupadu om Gurnell u comp. (1) (Due.1).

OnucaHuam om Hac caydad ce npegcmaBa c ne-
pucmupawa XopmMoHaAHa KoHCmeAauua om noBuwe-
HU cmouHocmu Ha DT, u TCX npu Aunca Ha Kamezo-
PUYHU KAUHUYHU BeAe3u 3a mupeougHa guCUHK-
uuna. EBoaoyuama Ha 3aboaaBaHemo u guHamukama
Ha AabopamopHume noka3ameau 8 xoga Ha npocae-
gaBaHemo npu Haauvue Ha MPT gaHHU 3a ageHOM Ha
xunogu3ama Haroxuxa 8 guepeHuuarHa guazHo3a
ga bbgam obcbgeHU cAegHUME CbCMOAHUA: CUH-

gpOM Ha pe3ucmeHmMHOCM KbM mupeougHume xop-
MoHU uAau TCX-npogyuupaw, Xunou3zeH ageHoOM.

C aobezHomo cbgeldcmBue Ha npod. C. Pege-
mod u cbmp. 6e uzBbpweH eeHemuyeH aHaAu3 Ha
navueHmkama u HellHUMe pogHUHU om nbpBa cme-
neH - Hawga, malka, cecmpa, gbwepa. YcmaHoBeHa
6e mymauua 8 xopmoH-cBbp3Bawua gomelH Ha B-pe-
uenmopa Ha mupeougHUMe XOPMOHU - 3amaHa Ha
peHuAaraHuH ¢ uucmeuH 6 kogoH 451 (F451C). Co-
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Casus pro diagnosi

Queypa 1. BzaumoBpb3ka mexxgy HuBama Ha TCX u cBobogHUumMe hpakuuu Ha mMupeougHUMeE XOPMOHU
NpU PU3UOAORUYHU U NAMOAO2UYHU CbCMOAHUA (aganmupaHo no 1).

¢ CyOKNMHUYEH XNNepTUPEOnan3bm

+ HeTuponaHu 3a6onsisaHus
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e Q Tex 4 £
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TCX 1 /
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+ HapylueHus B TpaHcnopTa 1 Metabonn3ma

Ha TUPEeOUaHUTE XOPMOHM

wama mymauua u XOpmMOHaAHa KoOHCmeaAauua ce yc-
manoBu npu bawama u cecmpama Ha navueHmka-
ma. B cbuemaHue ¢ moBa u npu mpume 3acezHamu
AUUa om pamuauama 6axa nomBbpgeHu noBuweHu
mumpu Ha TIMO-Am, ompazaBawu nogaexawga ab-
MOUMYHHa mupeougHa boaecm.

CuHgpomMbm Ha pe3zucmeHmMHOCM KbM mupeoud-
Hume xopmoHu (PTX) e cuHgpom Ha pegyuupaH om-
2080p Ha mapzemHume mbkaHu kKbm gedicmBuemo
Ha MupeougHUMe XOPMOHU U € ugeHmudguuupaH
npe3 1967 2. Tol e pagko cpewaHo 3aboaaBaHe c ab-
MO30MHO goMUHaHMHO yHacaegaBare u yecmoma 1
Ha 40 000 >xuBopogeHu geua. Kbm momeHma ca
ugeHmudpuyupaHu noBeue om 1000 gywu ¢ PTX ka-
mo npu 85 % HapyweHuama ce gbA>kam Ha Mymauus
6 2eHa 3a B-peuenmopa. O6ukHoBeHo noBeuemo uau
Bcuuku mbkaHu ca peucmeHmHu Kbm geicmBuemo
Ha mupeougHUMe XOPMOHU, Mmaka ve, Bbnpeku noBu-
weHume cepymHu HUBa Ha nocregHUmMe, 3acezHamu-
me uHguBugu ca eymupeougHu (AuncBam KAUHUYHU
beAe3u, xapakmepHu 3a HapyweHa (pyHKUUA Ha wu-
moBugHama >Ae3a - xunep- UAU Xunomupeougu-
3bm). Had-uecmo cpewaHume cumnmomu npu moBa
CbCMOAHUE Ca HaAUYUEMO Ha 2ywa u maxukapgus. B
gemcka Bb3pacm ca onucaHu cayyau Ha CUHgPOM Ha
xunepakmuBHocm ¢ geduyum Ha BHumaHuemo
(ADHD) 8 cbuemarue ¢ PTX, kamo namozeHemuyHa-

ma Bpb3ka mexxgy gBeme 3aboanBaHun He e HanbA-
HO u3acHeHa. B cumnmomamuyHume cayvau cuHgpo-
MbMm MoXke ga ce npoaBu ¢ pa3zaudHa KAUHUYHA Kap-
muHa gopu npu YaeHoBeme Ha egHo cemetcmBo, Ho-
cewju egHa u cbwa mymauua (2).

Hau-xapakmepHo 3a cuHgpoma Ha PTX e auncama
Ha cneuyuduyHu KAuHUYHU npoaBu. MoBeuemo nauu-
€HMU nocmuz2am HOpMaAeH pacmex u pazBumue 3a
cmemka Ha Bucoku HuBa Ha MUpPEoUgHU XOPMOHU U
Aeko yBeauueHa wumoBugHa xae3a. 46Hu cumnmo-
MU Ha Xunomupeougu3bm ce HabatogaBam npu nauu-
€HMU, KOUMO ca BUAU NOgAOXEHU Ha AedeHue 3a
Hopmaau3upaHe HuBama Ha mupeougHume XOPMOHU
nopagu HenpaBuaHo nocmaBena guazHo3za. Mpu Ha-
wama nauueHmka, KoAmo e C HOPMaAHO PU3UYECKO
u ncuxuvecko pazBumue, Bogewuam kauHuueH Ge-
Ae2, cmaraa noBog 3a mbpceHe Ha Aekapcka NoMow,
owe B nepuoga Ha gemcmBomo, e yBeauyeHama
wumoBugHa >ae3za. Cmpyma ce omkpuBa 6 66 go
95% om cayyaume ¢ PTX, kamo wumoBugHama >ae-
3a e gugpy3Ho yBeauyeHa u pazmepume U mozam ga
HagBuwam gBykpamHo Hopmama. AKo ce npegnpue-
me xupypaudHa unmepBeHyus, nocmonepamuBHume
peuuguBu ca npaBuro. CepymHume nokazameau,
ompaszaBawu gedcmBuemo Ha mupeougHume Xop-
moHu Bbpxy nepugpepHume moukaHu, 06ukHoBeHo ca
6 pegpepeHmHu 2paHuyu. Te BkarouBam obw, xorec-
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mepoa, mpuzauuepugu (TT), kpeamuHkuHa3za (KK), aakaaHa pocgpamasza
(AD), aHeauomeH3uH-koHBepmupaw, eH3um (AE), cekc-xopmoH cBbp3Baw,
2A06yauH (CXCI), dpepumuH U OCMEOKAAUUH.

AuHamukama Ha KAUHUYHUME U NapakAUHUYHU nokKa3ameAu npu onu-
caHuA KAUHUYeH cayyal e B cobomBemcmBue ¢ u3zaoxkeHume gaHHu. Ha-
Auduemo Ha BucokocmeneHHa cmpyma, npozpecuBHomo HapacmBaHe
Ha ocmambka caeg onepamuBrama unmepBeHyus, auncama Ha ybegu-
MeAHU KAUHUYHU DOeAe3u 3a mupeougHa gucyHKuua u pedgepeHmHu
cmoUlHocmu Ha xoaecmepoa, TI, KK, AD, CXCT ca 8 nogkpena Ha noc-
maBeHama guazHo3a. INpu nayueHmkama u HelHume u3caegBaHu pog-
HuUHU ce HabalogaBa pagkomo cbuemarue mexxgy cuHgpom PTX u aBmo-
umyHeH mupeogum (no3umuBru mumpu Ha TIMO-Am u Te-Am). Barkoff
u comp. onucBam noBuwena yuecmoma Ha AT npu nayueHmu ¢ TR-B
peuenmopHa mymauua, Kamo mexHume HabalogeHua nokazBam, ue
Bpb3kama mexxgy gBeme 3ab6oraBaHun He e cayualiHa u ce 06CcbxKga po-
AfMa Ha pa3AuYHU hamo2eHemuyHU mexaHu3zmu (3).

Memamu3zoa u nponuamuoypauyua, npuro>keHu 6 go3u, obukHoBeHo
epekmuBHu 3a pegyuupaHe HuBama Ha mupeougHume XOPMOHU Npu
aBmoumyHeH xunepmupeougu3ibm, HAMam eekm npu HAKOU hauueH-
mu CbC cuHgpom Ha PTX. INpu gpy2u mupeocmamuuume uHgyuupam
uzBecmHo HamaAreHue Ha cepymHume HuBa Ha mupeougHumMe XOPMOHU
¢ nocaegBawo noBuwaBave cmolHocmume Ha TCX. To3u edpekm e
gobpe u3pa3zeH npu onucaHama nauueHmka, npu koamo ce HabaogaBa
3HauumeaHo yBeauuerue Ha cmolHocmume Ha TCX 6 xoga Ha mupeoc-
mamuyHOMO AeyeHUe npegu onepauvuama. [Nepcucmupawume CUAHO
3aBuweHu cmodHocmu Ha TCX cmumyAupam xunepnaacmuyHume npo-
uecu, koemo omuacmu obacHaBa HabalogaBaHama meHgeHuuA 3a Ha-
pacmBaHe Ha cmpymama u komnpecuBHUMe cumnmomu Ha poHa Ha Bu-

Tabauya 1. AudgpepeHuuarHa guazHo3a mexgy cuHgpom Ha PTX u TCX-npogyuupaw,
XUnou3eH ageHoM.

KAuHuuyHU u AabopamopHu TCX-cekpemupaw, mymop PTX
nokajameau
HeBpoaozuutu/ouHu cumnmomu + -
®amuaHocm - +
MPT / KT-Haxogka + -
KAUHUYHU cumnmomu ++ +/-
CB.T, cB.T; 1 o
TCX (6a3aneH) “ uau Aeko T T
0~ cybeguHuUU U CbOMHO-
weHue o-cybeguHuyu u/TCX Tt L
AeticmBue Bbpxy nepucepHu MbKaHu:
SHBG T And
pepumun T tad
XOAECMEPOA 1 o
KpeamuHKuHaza il i

(DyHKYUOHAAHU guazHOCMUYHU mecmoBe

HapyweH uau auncBauy Hopmanen uau T TCX

omzoBop Ha TCX

TPX-cmumyaauuoHeH
mecm

auncBaw, omeoBop Ha
TCX
3Hauumento  Ha TCX

T3-cynpecuoHeH mecm cynpecus Ha TCX

auncBawo uau aeko |
Ha TCX

Tecm ¢ okmpeomug

CoKu go3u mupeocmamuk. Coye-
maHuemo ¢ aBmoumyHeH nape-
XUMEH NPOUEC JONBAHUMEAHO
gonpuHaca 3a NOCoYeHuUme Mop-
(POAO2UYHU NPOMEHU.

[Npu no-20Aamama yacm om na-
yueHmume c¢ PTX wacmuuyHama
MbkaHHA Pe3UCMEHMHOCM  KbM
MUPEOUgHU XOPMOHU U32AeXga
agekBamHo ce KomneHcupa om
noBuweHama eHgozeHHa XOpPMO-
HaAHa npogykuua. Mopagu moBa
makuBa nauueHmu He ce HYxga-
am om AedyeHue. [openocoueHo-
mo He ce omHaca 3a cAydvau,
KOUMO Ca NpembpnaAu pagu-
KaAHO AeuyeHue UAU umam Cb-
nbmcmBawo 3ab6oaaBaHe ¢ o2pa-
HuuyaBaHe Ha mupeougHume um
pe3epBu. B me3u cayyau cepym-
Hume HuBa Ha TCX mo2am ga ce
uznoazBam 3a onpegeasHe u mo-
HUMOpUpaHe go3ama Ha 3amec-
MUMEAHOMO AeYeHUe.

INocmaBaHemo Ha guazHo3ama
e ocobeHo npegu3zBukameacmBo
8 cayuaume, koczamo PTX ce cbue-
maBa ¢ gpyeu mupeougHu 3ab0Asa-
BaHua kamo aBmoumyHHa mupeo-
MOKCUKO3a CbC CynpecupaHu Hu-
Ba Ha TCX uau ¢ BpogeH uAu npu-
gobum xunomupeougu3bm.

[Mopagu HecneuuduyHama
KAUHUYHA KapmuHa pa3zno3HaBa-
Hemo Ha cuHgpoma ce ocHoBaBa
2AnaBHO Ha KAUHUYHOMO CbMHe-
Hue. AubepeHuuarHama guazHo-
3a u3uckBa obcbxgaHe Ha Bcuu-
KU Bb3MOXKHU NPUYUHU 3a Xunep-
mupokcuHemusa. S. Refetoff u
CbMmp. Npegaazam CAegHua guae-
HOCMUYEH aA20pumMbBM, KOUMO
npegcmabBa nocaegoBameaHo gu-
azHOCMuUYHUME npouegypu 3a
nocmaBaHe Ha guazHO3ama CUHg-
pom Ha PTX (2):

1. O6uyvatHo npegcmabate:
Bucoku cepymHu HuBa Ha DT, 3a-
€gHO C HecynpecupaHu cmolHoCc-
mu Ha TCX.

2. NMomBuvprkgeHue Ha noBu-
weHume HuBa Ha DT4 u u3KAIOY-
Bare Ha HapyweHua 6 mpaHcnop-
ma Ha MmupeougHUMe XOPMOHU,
ocobeHo ako cmolHoCcmume Ha
T; ca 6 Hopma.
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3. N3caegBaHe Ha mupeougHama ¢yHKUUS Npu
pogHuHU om nbpBa cmeneH Ha nayueHma: pogume-
AU, Bpama u cecmpu, geua.

4. N3B6bpwbaHe Ha 2eHemuyeH aHaAu3 Ha TPP ze-
Ha u npu ycmaHoBaBaHe Ha HapyweHua guazHo3ama
ce nomBbprkgaba.

5. INpu Aaunca Ha mymauuu B8 TPB 2eHa u omKAOHe-
Hua 8 mupeougHama cyHkuua 8 gpyau ureHoBe Ha
cemeticmBomo, Haauduemo Ha TCX-npogyuupauwy, Xu-
nocpuzapeH mymop mpabBa ga ce uzkalouu upes u3-
caegBane Ha o-cybeguHuuu 6 cepyma.

6. AemoHcmpupa ce HapyweHa TCX-cynpecua u
memaboAaumHu npomeHu 6 omz2oBop Ha NnpuAo>KeHue
Ha cynpacu3uoAO2UYHU gO3U MUPEOUgHU XOPMOHU.

7. Hapywen omezoBop Ha TCX kbm T; npu Aunca
Ha mymauusa 8 TPP 2eHa HacouBa kbm PTX 6e3 Haauu-
Ha mymauua 8 2eHume 3a mupeougHua peuenmop.

AudepeHuuarHama guazHo3a mexkgy CUHgPOM Ha
PTX u TCX-npogyuupaw, xunogu3eH ageHOM NOHA-
Ko2a e mpygHa, ocobeHo 6 cbuemarue ¢ MPT gaHHu
3a obemHa popmauun B xunocpuzama. TCX-npogyuu-
pawume ageHOMU ca pegku - go MOMeHMa ca onuca-
HU okoAo 450 cayuas. B cobBpemertu ceBepHoeBpo-
nelicku npoyuBaHua ce nocouBa yecmoma om 0,15
go 0,3/ maH. (5, 6). ObukHoBeHo npu nocmaBaHe Ha

guazHo3ama makuBa ageHomu ce npegcmaBam ka-
MO MmakpoageHOMU U MO2am ga hpomuyam ¢ obwo-
MO3bYHU cumnmomu. Bbnpocom ce ycaoxkHaBa om
pakma, 4e xunocpuzapHume uUHUUgEeHmMaAOMU ca
yecmu u B Hakou npoyuBaHua npu okoAo 20% om
cAyYume CbC cuHgpom Ha PTX ce cpewam oz2HUWHU
Ae3uu 6 xunoduszHama »xae3a. B Tabauua 1 ca npeg-
cmaBeHu ocHoBHUME KAUHUYHU U napakAUYHUYHU
b6eAe3u, KOUMO ca oM NoA3a 3a pa3epaHudabaHe Ha
gBeme cbcmoarus.

Hepaszno3naBaHemo Ha cuHgpoma Ha PTX Bogu
go noepewHa guazHo3a u nocaegBawa HenpaBuaHa
mepaneBmuyHa Hameca, Koemo MoXe ga 3agbaboyu
cbwecmByBawume HapyweHua u ga 3ampygHu Ae-
yeHuemo u npocaegaBaHemo. MHo3zuHcmBomo om
nauyueHmMume KomneHcupam abHopmasHama (YHK-
uua Ha MyMaHmHume peuenmopu upes yBeaudeHue
Ha eHgo2eHHama npogykyua Ha MUPeougHU XOPMO-
HU U hocmu2am mpadHO eymupeougHO CbCMoAHUE.
TepneBmuyHuam nogxog Kbm mMe3u hauueHmu ce
ocHoBaBa Ha npuHuuna ,Primum non nocere”. Onu-
mume 3a pegyuupaHe Ha XopmoHaAHume HuBa
mpab66a ga ce uzba28am nopagu Bb3moxkHocmma 3a
UHgyUUpaHe Ha CUMNMOMU Ha KAUHUYEH Xunomupe-
ougu3bM.
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Thyroid Hormone Resistance Syndrome
- a Case Report

Nonchev, Boyan lv., Argatska, Antoaneta V., Orbetzova, Maria M.
Clinic of Endocrinology and Metabolic Diseases ,

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

Abstract

We describe a case of a 26 year old female with a
history of thyroid pathology since the age of 7. In 2007
after a first normal pregnancy and delivery, high levels
of FT, and FT5 with normal TSH and clinical evidence
of mild thyrotoxicosis were found. Antithyroid drugs
were initiated and during the course of therapy a pro-
nounced increase in TSH was detected along with an
enlargement of the goiter. In 2009 thyroidectomy was
performed because of the high grade goiter causing
compressive symptoms. After the operation a replace-
ment treatment with levothyroxine was initiated but
high TSH levels persisted on a dose of 300 pg/d
together with elevated FT; and FT,. The detailed exam-
ination revealed a patient in a good general condition
with no clinical evidence of thyroid dysfunction. The
serum indicators for the action of thyroid hormones on

peripheral tissues were within the normal range. MRI
data for pituitary microadenoma was present without
any evidence of hypersecretion of other pituitary hor-
mones except of TSH. Thyroid hormone resistance
syndrome and TSH-producing pituitary tumor were dis-
cussed in the differential diagnosis. Genotyping of the
patient and her first-degree relatives was performed. A
mutation in the hormone-binding domain of the thy-
roid hormone receptor-f was identified, resulting in
the replacement of phenylalanine with cysteine at the
codon 451 (F451C). The same mutation and hormon-
al changes were present in both the father and the sis-
ter of the index patient. Moreover, in the three affect-
ed members of the family elevated titers of TPOAb
were found suggesting an underlying autoimmune thy-
roid disease. Unawareness of the RTH may lead to an
inappropriate treatment, which may aggravate the
existing disorder and hamper the treatment and follow-
up of the affected patients.

Key words: thyroid hormone resistance syndrome, autoimmune thyroid disease, thyrotoxicosis

A case of a 26 year old female with a history of thyroid pathology since the age of 7 (enlarged thyroid gland
and clinical signs of thyrotoxicosis) is presented. In the past she had been receiving antithyroid drugs but specific
information about the medication type, dose and duration of administration was not provided. In 2007 after the
first normal pregnancy and delivery high levels of FT, and FT; with normal TSH along a with clinical evidence of
mild thyrotoxicosis were found. Antithyroid drugs were initiated and several courses with high doses of Thyrozol
and Propycil were conducted with insufficient effect on hormone levels. During the treatment with Propycil at a
dose of 400 mg/day a pronounced increase in the levels of TSH up to 82,0 mlU/I was detected and signs of goi-
ter were present while FT5 levels remained high - 12,58 pmol/I (RR 1,82-4,62 pmol/l) and FT, levels were normal
- 10,05 ng/l (RR 8,5-17 ng/l). Levothyroxine at a dose of 50 pg/day was added to the therapy and the patient was
referred to a Clinic of endocrinology for further evaluation and treatment. The past medical history was unevent-
ful except for the thyroid condition. The patient had no family history of thyroid diseases. On admission to the clin-
ic, a large goiter with compressive symptoms was evident together with mild clinical signs suggestive of thyrotox-
icosis. US examination confirmed a considerable thyroid enlargement (right lobe size 30/33/61 mm, left lobe size
31/37/60 mm), hypoechoic (2nd degree) and heterogenous parenchyma with slightly enhanced vascularization.
In the lower third of the right lobe a round-shaped hyperechoic solid formation 12/12 mm in size with sharp and
regular margins and ,halo” was detected. A nodule with similar US characteristics and size (14/12 mm) was found
in the lower third of the left lobe. The laboratory tests were as follows: TSH - 50,10 mIU/I (RR 0,49-4,67 mIU/I);
FT, - 8,48 ng/l (RR 9,14-23,80 ng/l); FT; - 7,89 pmol/I (RR 2,23-5,35 pmol/l); TgAb - 22,0 IU/ml (RR 0,0-34,0
IU/ml); TPOAb - 328,6 1U/ml (RR 0-12 1U/ml) and TRAb - 2,2 U/ (RR 0-1,5 U/I).

Surgical treatment was recommended after reaching a clinically euthyroid state, and in June 2009 she underwent
thyroidectomy. The histological result from both lobes revealed diffuse goiter with signs suggestive of increased func-
tional activity. Postoperative replacement therapy with levothyroxine was instituted. Due to the persistence of highly
elevated levels of TSH the dose of the medication had been gradually increased up to 300 ug/d. Over the next two
years the patient had been taking levothyroxine at a dose between 200 and 300 pg daily according to the current TSH
levels, showing no clinical manifestations of thyroid dysfunction on the follow-up examinations (Table 1).

Due to the persistenly impaired hormonal state a detailed reassessment was considered and the patient returned
to the Clinic of Endocrinology and metabolic diseases at the ,Sv. Georgy” University Hospital in Plovdiv on
23.11.2010. On admission she reported no significant symptoms, changes in body weight or menstrual disturbances.
The physical examination did not reveal any clinical features consistent with thyroid dysfunction. On treatment with
250/300 pg levothyroxine q.o.d., the thyroid tests showed TSH - 9,361 mIU/I (RR 0,36-5,60 mIU/l), FT, - 28,86
pmol/l (RR 7,86-14,40 pmol/l), FT; - 4,40 pmol/l (RR 3,60-6,00 pmol/l); TPOAb - 16,55 IU/ml (RR 0,00-9,00 1U/ml);
TgAb - 1,04 IU/ml (RR 0,00-4,00 IU/ml). The daily dose of levothyroxine was reduced to 125 ug/d.
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Table 1.

Levels of TSH and dose of levothyroxine in the post-operative period

Date TSH Recommended dose
(RR 0,27-4,2 mIU/I) of levothyroxine (ug)
07.2009 > 100 100
09.2009 95,41 150
11.2009 76,53 200
12.2009 40,87 250
03.2010 20,33 250 / 300 dieb. alt.
05.2010 12,09 250 / 300 dieb. alt.
07.2010 3,85 250 / 300 dieb. alt.
10.2010 8,39 250 / 300 dieb. alt.

The ultrasound investigation of the neck revealed a rem-
nant from the right lobe, 8x8x14 mm in size with hypoechoic
pattern and irregular outlines. No residual thyroid tissue in the left
lobe bed and no enlarged lymph nodes in the neck area were

detected.

Magnetic resonance imaging (MRI) of the hypothalamic-
pituitary area: normal MRI appearance of the brain parenchy-
ma. Free subarachnoid spaces and basal cisterns. Free suprasel-
lar cistern. The pituitary gland was normally located following
the concave margin of the sella turcica. In the saggital field the
size of the pituitary was 5x11 mm. The infundibulum was cen-
trally located with a subtle deviation to the right. A certain
degree of heterointensity of the parenchyma was evident with-
out forming a distinct intrasellar lesion. After the contrast
enhancement, however, a focus about 4,2 mm in diameter was
distinguished in the mid-area under the infundibulum. The opti-

cal nerves and trunci were symmetric. The cavernous sinuses

Table2.

Laboratory findings and dose of replacement
therapy during the postoperative period.

were normally located and with typical
appearance bilaterally. No signal changes in
the adjacent bone segments were seen.

Conclusion: MRI findings consistent
with a pituitary microadenoma.

Fibrogastroscopy: Chronic erythema-

tous exudative gastritis.
After discharge thyroid function tests were
performed on a regular basis and the dose
of levothyroxine was adjusted according to
the TSH levels (Table 2).

The third admission to the clinic of
Endocrinology was in November 2012 and
at that time the patient was taking 125 pg/d
levothyroxine. She had no complaints sug-
gestive either of hypothyroidism or thyro-
toxicosis and reported no significant
changes in the body weight.

On physical examination the patient
was in a good general condition, afebrile
and with normal body habitus. Her height
was 165 cm, the weight - 49 kg, and the
BMI - 18 kg/m? The skin had normal col-
oration, turgor and elasticity. A female hair
pattern was observed. No neck and axillary
lymphadenomegaly were found. A postop-
erative surgical scar on the neck from a
Kocher incision was present. The lungs
were clear on auscultation. The heart rate
was regular with a frequency of 74 bpm, RR
100/60 mmHg. The examination of the
abdomen and lower extremities showed no
pathological signs.

Date TSH FT4 FT3 Daily dose of
levothyroxine
01.2011 9,361 miU/l | 28,86 pmol/I 4,40 pmol/Il 200 ug
(RR 0,34-5,60) | (RR 7,86-14,40) | (RR 3,60-6,00)
06.2011 | 64,69 miU/I 12,94 pmol/I 4,72 pmol/I 150 pg
(RR 0,34-5.50) | (RR 7,85-14,40) | (RR 3,60-6,00)
12.2011 | 35,39 miU/l 25,44 ng/| 125 ug
(RR 0,27-4,20) | (RR 9,30-17)
01.2012 | 74,19 miU/| 19,80 ng/l 200 pg
(RR 0,27-4,20) | (RR 9,3-17)
04.2012 | 22,24 miU/I 31,60 ng/| 200/250 pg
(RR 0,27-4,20) | (RR 9,3-17)
09.2012 | 73,34 mIU/I 19,4 ng/| 125 g
(RR 0,27-4,20) | (RR 9,3-17)

Laboratory findings: RBC - 4,64 x 1012/I; Hb - 132 g/I; Hct - 0,377; WBC - 10,58 x 109/l MCV - 81,4
fL; Plt - 280 x 109/I; ESR - 52 mm/h; blood glucose - 5,4 mmol/l; total protein - 73 g//I; Alb - 45 g/I; total
cholesterol - 4,4 mmol/l; HDL-choles-terol - 1,39 mmol/I; triglycerides (TG) - 0,71 mmol/l; BUN - 6,0 mmol/I;
creatinine - 46 umol/l; uric acid - 174 pumol/l; sodium - 143 mmol/l; potassium - 4,6 mmol/l; clorides - 97
mmol/l; ASAT - 17 1U/I; ALAT - 15 1U/l; AP - 166 IU/I; CK - 69 IU/I; LDH - 373 1U/; total bilirubine- 10,2
umol/l; direct bilirubine - 2,61 pmol/l; Fe - 12,9 umol/l; TIBC - 57,5 umol/l; Ferritin - 13,6 ng/ml (RR 11-306,8
ng/ml); TSH - 79,176 mIU/I (RR 0,34-5,60 mlU/I); FT, - 14,03 pmol/I (RR 7,86-14,40 pmol/l); FT; - 4,71 pmol/I
(RR 3,60-6,00 pmol/l); TPOAb - 12,84 1U/ml (0,00-9,00 IU/ml); TgAb - 0,54 1U/ml (RR 0,00-4,00 1U/ml); SHBG
- 45,8 nmol/l (RR 17-130 nmol/l); Prolactin - 268,78 mIU/I (RR mIU/I).
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US investigation of the cervical region: A remnant tissue from the right lobe was seen, 9/10/20 mm in size
with hypoechoic heterogenous echotexture. There was evidence of an enlargement of the residual thyroid tissue
as compared to the previous US investigation. No pathological cervical lymph nodes were detected (Figure 1).

Figure 1. US study [Srsssasssss

of the thyroidbed 3 ©+ =~
yr 5 mo following

=S
surgery.

. ot ™ gl Mg

The MRI performed 2 years after the initial imaging confirmed the presence of a pituitary microadenoma with
no changes in size and structure.

The EMG showed intact conductivity of the examined motor nerves of the lower extremities. Slightly slower
nerve conduction velocity of n. suralis, more prominent on the right side and on the median nerve was detected.

Discussion
Hormonal tests to assess thyroid function are among the most commonly used laboratory investigations in
the clinical thyroidology. Fortunately, in most patients the interpretation of functional parameters is easy and the
combination of thyroid hormones (FT5, FT,) and thyrotropin (TSH) together with clinical features confirm an euthy-
roid state, thyrotoxicosis or hypothyroidism. However, in a small but significant group of patients the laboratory
results either do not match the clinical picture, or form an unusual, ,nonphysiologic” patterns. Establishing the cor-
rect diagnosis in those cases requires a structured approach and depends on careful clinical evaluation along with
monitoring of laboratory tests and conducting additional radiological and genetic testing.
Various combinations between thyroid hormone levels and TSH in physiological and pathological conditions

are classified by Gurnell et al. (1). (Fig. 1).

This case report represents a pattern of persistently
elevated FT, and TSH in the absence of clear clinical
signs of thyroid dysfunction. The course of the disease
and the evolution of the laboratory findings during the
follow-up along with the MRI evidence of a pituitary
adenoma prompted considering the following condi-
tions: thyroid hormone resistance syndrome and thy-
rotropin-producing pituitary adenoma.

Genotyping of the patient and her first-degree rela-
tives - father, mother, sister and daughter was performed
with the kind assistance of prof. S. Refetoff et al. A muta-
tion in the hormone-binding domain of the thyroid hor-
mone receptor-¢ was identified, resulting in the replace-
ment of phenylalanine with cysteine at codon 451
(F451C). The same mutation and hormonal changes
were found in the father and the sister of the patient.
Moreover, in these three affected members of the fami-
ly elevated titers of TPOAb were detected suggesting a
concomitant autoimmune thyroid disease.

Resistance to thyroid hormone (RTH) is a syn-
drome of reduced responsiveness of the target tissues
to the thyroid hormone action and was first described
in 1976. It is a rare disease with incidence of 1 in
40,000 live births and autosomal dominant inheri-
tance. More than 1000 individuals have been identi-
fied with thyroid hormone resistance, of which 85%
harbour thyroid hormone beta receptor mutation. Typ-
ically, most or all tissues are resistant to the action of

the thyroid hormones, so despite the increased serum
hormone levels affected individuals remain euthyroid
(no clinical signs of thyroid dysfunction - hyper- or
hypothyroidism). The most common clinical features
seen in this condition are the presence of goiter and
tachycardia. In children with RTH a high prevalence of
hyperactivity and attention deficit disorder (ADHD)
have been described but the pathogenetic link
between the two diseases is not fully understood. In
symptomatic cases, the clinical picture may present
with different features varying within family members
who carry the same mutation (2).

Typical for the RTH syndrome is the paucity of spe-
cific clinical manifestations. Most patients achieve nor-
mal growth and development at the expense of ele-
vated levels of the thyroid hormones and slightly
enlarged thyroid gland. Frank symptoms of hypothy-
roidism have been observed in patients who have
undergone treatment in order to normalize the levels
of the thyroid hormones due to misdiagnosis.

In our patient who had a normal physical and men-
tal development, the main clinical sign that became
the reason for seeking medical attention in childhood
was the enlarged thyroid gland. A goiter is found in 66
to 95% of the cases with RTH, usually showing diffuse
enlargement and may exceed twice the normal size. If
a surgery is undertaken, postoperative recurrence is
the rule.
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Figure 1. Relationship between the levels of TSH and the free fractions of the thyroid hormones in
physiological and pathological conditions (Adapted after Gurnell et al. (1).
+ Subclinical hyperthyroidism « NTI
+ Recent treatment for hyperthyroidism Thyrotoxic « Central Hypothyroidism
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Clinical parameters which indicate the thyroid hor-
mone action on the peripheral tissues are mostly with-
in the normal range. These include total cholesterol,
triglycerides (TG), creatine kinase (CK), alkaline phos-
phatase (AP), angiotensin-converting enzyme (ACE),
sex hormone binding globulin (SHBG), ferritin and
osteocalcin. The dynamics of the clinical and laborato-
ry findings in the reported case is consistent with the
data presented. The presence of goiter, progressive
enlargement of the thyroid residue after surgery, the
lack of clinical evidence of thyroid dysfunction and the
normal levels of cholesterol, TG, CK, AP, SHBG sup-
port the diagnosis. In the patient and her studied rela-
tives coexistence of RTH with autoimmune thyroiditis
has been observed (positive titers of TPOAb and
TgAb). Barkoff et al. reported an increased frequency of
AlT in patients with TR receptor mutation and their
findings demonstrated that the association between
RTH and AIT was not coincidental and the authors dis-
cussed the role of various pathogenetic mechanisms (3).

Methimazole and propylthiouracil given in doses
usually effective in reducing the high serum concen-
tration of the thyroid hormones in autoimmune hyper-
thyroidism, exert no effect in some patients with RTH.
However, in other cases antithyroid drugs induce a
decrease in the serum levels of the thyroid hormones
producing a subsequent elevation of the TSH levels.

This effect is pronounced in the described patient,
who showed a significant increase in the TSH levels
during the course of treatment with antithyroid drugs
prior to the surgery. Prolonged elevation of the serum

TSH stimulates hyperplastic processes which in turn
accounts for the thyroid enlargement and the com-
pressive symptoms while treated with high doses of
antithyroid drugs. Co-existence with autoimmune thy-
roiditis further contributes to those morphological
changes.

In the majority of patients with RTH the partial tis-
sue resistance to the thyroid hormones appears to be
adequately compensated for by the increased endoge-
nous hormone production. Therefore, these patients
do not require therapy. This is not the case in patients
who have undergone ablative treatment or have a con-
comitant disease limiting their thyroidal reserve. In
such cases, serum TSH levels can be used for deter-
mining and monitoring the dosage of the replacement
therapy.

Diagnosis is particularly challenging when RTH is
accompanied by other thyroid diseases such as
autoimmune thyrotoxicosis with suppressed levels of
TSH or by congenital or acquired hypothyroidism.

Since the clinical presentation of RTH is variable
and nonspecific, recognition of the syndrome is main-
ly based on the clinical suspicion. The differential diag-
nosis includes all possible causes of hyperthyroxine-
mia. S. Refetoff et al. suggest the following diagnostic
algorithm that presents the sequence of diagnostic
procedures for the detection of the syndrome (2)

1. Usual presentation: high serum levels of free T,
with nonsupressed TSH.

2. Conformation of the elevated serum level of free
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T, and exclusion of TH transport defects, especially if T5 is normal.

3. Thyroid function tests in first-degree relatives: parents, sibs and
children.

4. Genetic testing of TR gene and when present and shown to have
an impaired function the diagnosis of RTH is confirmed.

5. In the absence of TRP gene mutation and abnormal thyroid func-
tion tests in other family members, the presence of a TSH-oma should be
excluded by measurement of the o-SU in serum.

6. Demonstrate a blunted TSH-supression and metabolitic response
to the administration of supraphysiological doses of TH.

7. Blunted TSH response to T; with absence of TR gene mutation
indicates nonTR-RTH.

The differential diagnosis between RTH and TSH-secreting pituitary
adenoma is sometimes difficult, especially when in RTH a pituitary lesion
is visualized by MRI. TSH-producing adenomas are rare - 450 cases
have been described so far. Current studies report a frequency of 0,15
to 0,3 per mlllion (5,6). Usually such adenomas are macroadenomas at
the time of diagnosis and might present with neurological signs and
symptoms. The issue is complicated by the fact that pituitary inciden-
talomas are common and in some studies about 20% of the cases with
RTH have focal lesions in the pituitary gland. Table 1 shows the main
clinical and laboratory features that are useful for distinguishing between
these two conditions.

Tablel.  Differential diagnosis between RTH and TSH-secreting pituitary tumor.

Clinical and laboratory TSH-secreting tumor RTH

features

Neurological symptoms + -

Family history - +

MRI/CT-finding +

Clinical manifestations ++ +/-

FT,, FT, 1 o

TSH /baseline/ ©  orslightly T T

a-subunits and a-subunits/

TSH ratio T i

Effects on peripheral tissues:

SHBG 1 And

ferritin 1 -

cholesterol 1 L

creatine kinase 1 s

Diagnostic function tests
TRH-stimulating test Unresponsive Preserved
TSH or or enhanced
altered response TSH response

T3-suppression test Unresponsive TSH Suppressed TSH

Octreotide test Marked TSH suppression Unresponsive
or slightly
suppressed TSH

Unawareness of the RTH leads to misdiagnosis and subsequent inap-
propriate tretament, which may aggravate the existing disorder and ham-
per treatment and follow-up. The great majority of patients with RTH
adequately compensate the abnormal function of the mutant receptors
through increased endogenous production of thyroid hormones, thus
achieving an euthyroid state. The therapeutic approach to these patients
is based on the principle ,Primum non nocere”. Consequently, any
attempts to reduce the hormonal levels should be avoided since this
may lead to signs and symptoms of clinical hypothyroidism.
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