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Ob3op /Review

Tl_.jMOp UHgyuupaHa xunepka/\u.uemuq
LuHko6, ArekcaHgbp A.

Tpema KauHuka no EHgokpuHoaoaus, YHuBepcumemcka CneuuaauzupaHa boaHuua 3a AkmuBHo AeueHue no
EHgokpuHoaoz2un, MeguuuHcku yHuBepcumem, Codpun

Hypercalcemia of Malignancy
Shinkov, Alexander D.

Third Clinic of Endocrinology, University Specialized Hospital for Active Treatment in Endocrinology,

Medical University of Sofia

Pe3iome

Peguua mymopHu 3aboaaBarHua mozam ga no-
Bauasm pazauuHu eaemeHmu om  kaauueBo-poc-
¢dopHama obmaHa u ga npeguzBukam omkAoHeHuUA
6 AabopamopHume nokazameau u pa3zHoobpazHu
KAUHUYHU npoaBu. VI gokamo obuyalHo ce mucau
3a memacmazupaHe 6 kocmume om COAUGHU MUy-
MOpU - KapuuHOMU Ha 0aA gpob, mMAeuHa >KAe3a,
npocmama, wumoBugHa >kAe3a, HapyweHuama 6
kaauueBo-tpocpopHama obmaHa no-yecmo ce pas-
BuBam no gpyau mexaHu3mu.

Hacmoawusm o0630p pazeaexga cneuuduy-
HUMeE Namo2eHeMUYHU MEXaHU3MU, Koumo obycaa-
Bam me3u HapyweHua. Hal-yecmama npuduHa 3a
XunepkaAuuemus Npu Mymopu e XymopaaHama Xu-
nepkaauuemua - akmuBupaHe Ha ocmeoKAaCcmHa-
ma KocmHa pe3opbuua om cekpemupaHu om my-
mopa ¢pakmopu. OcmeoaumuyHUMeE KOCMHU Me-
macmazu npu HAKOU MymMopu CbWO Mo2am ga
0bycroBam xunepkaauuemua - Hal-4ecmo om pak
Ha 2bpgama uAu npocmamama. MyamunaeHuam
mueAaom npeguzBukBa caoxkHU npomeHu B kaembu-
Hume B3aumogelcmBua B8 kocmma u 6bOpeuume,
Koumo cbwo Bogam go noBuwabaHe Ha cepymHu-
me kaauueBu HuBa. Hakou aumdpomu uHgyuupam
ycuaeHa ekcnpecua Ha T-aadpa xugpokcuaaza u
popmupare Ha akmuBeH BumamuH A (kaauumpu-
oA). CbcmosHuemo Hanogo6aBa eHgozeHHa ,uUH-
mokcukauua”’ ¢ BumamuH A,

Bbnpeku 3HauumeaHomo no3zHaHue 8 masu
obracm, cAoKHOCMMa u pazHoobpazuemo om me-
XaHU3MU 3ag XunepkaAuyuemuama npu 3a0Kadecm-

Abstract

A number of malignant tumors affect vari-
ous aspects of the mineral metabolism and cause
laboratory abnormalities and clinical signs and
symptoms. Though the bone metastases of
breast, prostate, lung or thyroid cancer are the
first to come in mind, the calcium homeostasis is
more often disturbed by other mechanisms.

The review addresses the specific mecha-
nisms in the pathogenesis of these disturbances.
The most prevalent cause for hypercalcemia of
malignancy is the humoral hypercalcemia - a
process of activation of the bone resorption by
tumor-secreted humoral factors. Osteolytic
metastases might also underlie hypercalcemia -
typically from breast or prostate cancer. The mul-
tiple myeloma is a disorder that induces very typi-
cal and complex changes in the bone microenvi-
ronment and in the kidneys that lead to elevation
of serum calcium levels. Some lymphomas induce
the expression of 1-alfa hydroxylase and the
increased formation of the active vitamin D
metabolite calcitriol. The condition in essence is
equivalent to endogenous vitamin D ,intoxication”.

Despite the immense accumulation of
knowledge, the complexity of the mechanisms
triggering hypercalcemia of malignancy still
poses a serious therapeutic challenge. The cur-
rent therapeutic approach to hypercalcemia of
malignancy includes hydration, aggressive diure-
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AnekcaHgvp A. LLlurkoB

BeHu mymopu Bce owe npegcmaBaaBam 3HauumMeAHO
mepaneBmuuro npegu3BukameacmBo. CoBpemeHHu-
am mepaneBmuueH nogxog BkaouBa xugpamauus,
popcupaHa guypesa u nomuckaHe Ha 0CMeoKAaCMHa
KocmHa pe3zopbuus. NpozHo3ama Ha nauueHma c
xunepkaauuemus, obaue, ocmaBa cepuo3Ha, ako om-
cmpanaBaHemo Ha mymopa He e Bb3MOXKHO.

KaroyoBu gymu:

sis and inhibition of osteoclastic bone resorption.
If no definitive cure for the cancer can be
achieved however, the prognosis of the hypercal-
cemic patient is grave.

Key words:

xunepkaAuuemus, xunepkaAyuemusa npu 3AoKavec-
mBeHu 3aboaaBarug, myamunaeH mueaom, PTHrP,
T-andpa xugpokcuaasza.

hypercalcemia, hypercalcemia of malignancy,
multiple myeloma, PTHrP, 1-alfa hydroxylase

BvBegeHue

KaauueBo-cpocpopHama obmaHa npegcmaBanBa
CAOXKHA cuCmema om pea2yaamopHu akmopu, ocu-
2ypaBawu uHo paBHoBecue Ha gBurkeHuemo Ha
KaAauua u pochamHume UOHU MexXgy KAaemkume,
MEXXJUKAEMbYHOMO npocmpaHcmBo u OKoAHama
cpega. Peguua mymopHu 3aboasBaHua mozam ga
noBauaam pazauuHu eaemeHmu om moBa paBHoBe-
cue u ga npegu3zBukam omkaoHeHua B8 rabopamop-
HUMe noka3zameAu U pa3HoobpazHU KAUHUYHU npoa-
Bu. M gokamo Hal-yecmo ce onucBa memacma3zupa-
He 8 Kocmume om COAUgHU MYMOpU - KapuuHOMU
Ha 6aA gpob, MaeuHa xAe3a, npocmama, wumoBugHa
Ae3a, HapyweHuama 6 kaauueBo-pocopHama o6-
maHa no-vyecmo ce pazBuBam no gpyau mexaHuzmu.
Ouwe npe3 1889 2. Paget HabAlogaBa u onucBa kocm-
HU Memacmasu om pak Ha MAeYHama >Ae3a u wumo-
BugHama >kAe3a, Kakmo u ,,... yBpexkgaHe Ha Kocmu-
me npu pak Ha mAedHama >xae3a 6e3 Bugumo omaa-
2aHe Ha mymopHa mbkaH 6 max” (1). Nemgecem 20-
guHu no-kbcHo Albright onucBa maauzHeHa xunepkaa-
uuemus, npeguiBukaHa om akmop, nogobeH Ha na-
pamxopmoHa (PTH) (2). Yak npe3 80-me 2oguHu Ha mu-
HaAOmMoO cmoAemue bGewe u3oAupaHa ,8uHoBHama”
MOAEKYAa - npomeuH, cBvpzaH ¢ PTH (PTHrP) u cun-
gpOMbM HapeueH XymopaaHa xunepkaauyuemus (3).

AHec cnucbkbm € HapyweHuama Ha KaauueBo-
pocpopHama obmaHa e 3HaYuUMeAHo no-gbabe. Oc-
BeH memacmaszupawu COAUGHU MYMOpU, Kocmume
mo2am ga Gbgam gupekmHo 3acezHamu Om MyA-
munaAeH mueaom, kolimo Bogu cbwo go XunepkaAuu-
emus, HO Had-dyecmo no PTHrP-nezaBucum mexaHu-
3bM (4). Mo gpyau mexaHu3mu UHgyuupam xunepkaas-
UUEeMUA U HAKOU gpyau MUEAO- U AUMPONpoAudpepa-
muBHu 3aboaaBaHua. OcBer moBa, Hakou mymopu
mo2am ga npegu3Bukam xunogocgamemusa u ocmeo-
manauun, a B pegku cayyau - mymop-uHgyuupaHo

omaazaHe Ha kaauueBu CoAu, m.e. KaAUUHO3A.

Tymop-uHgyuupaHume HapyweHua 8 muHepaaHa-
ma obmaHa ca cBbp3aHu CbC 3HavumeAHa Goaecm-
Hocm, uHBaAugu3auua, pa3xogu 3a goONMbAHUMEAHO
AeveHue u 3gpaBHu 2pudku, U Yyecmo ce acoyuupam c
AOWa npoz2Ho3a Ha ocHoBHomo 3aboaaBaHe (5, 6).
He ca o6ekm Ha Hacmoawua 0630p Bb3MOXHU Hapy-
weHua 6 kaauueBo-pochopHama u kKocmHama oo6ma-
Ha, KOumo mo2am ga Hacmbnam BcaegcmBue Ha Ae-
YyeHUEMoO Ha Hakou 3aokadecmBeru 3aboaaBaHus.

Lleama Ha Hacmosawua o630p e ga npegcmaBu
cbBpemeHHume cxBawarua 68 mazu obaacm u ga
pazeaega guazHocmuuyHume u mepaneBmuuHu
mpygHocmu, ¢ Koumo ce cbabekBa aekapam npu
2puxkama 3a me3u navueHmu.

Xunepkaauuemus, cBbp3aHa c ManuzHeHu
mymopu - obwu xapakmepucmuku

XunepkaAuuemuama e egHo om Hal-yecmume yc-
AOXHeHuUa npu 3aokavecmBeHu 3aboaaBaHua u ce
pa3BuBa no Hakoe Bpeme B xoga Ha Gorecmma npu
3-30% om 6oaHume. Hal-yuecmo ce HabaogaBa npu
nayueHmMu ¢ MYAMUNAEH MUEAOM, KapuuHom Ha be-
AuA gpob (Hal-yecmo NAOCKOKAEMBYEH), KapuuHOM
Ha 2bpgama u npocmamama, KapuuHomu 68 obaracm-
ma Ha 2raaBama u wuama, 6b6peyHokAeMbBYEH U
ypomeaeH pak, AUMQOMU U No-pagko gpyau. NMoaBa-
ma Ha XunepkaAuuemus e AoWw Npo2HocmuyeH beaee,
cBobp3aH ¢ npexxuBaemocm cpegHo 30-90 gHu caeg
He(GHama u3aBa (7). ObukHoBeHO xunepkaiuyuemus-
ma ce pa3zBuBa cpaBHumeaHo 6bP30 U Nopagu masu
npuyuHa He e 6ezcumnmomHa - uzabaBa ce c noau-
guncus, NoAuypus, KoHCmunauus, 2ageHe u noBpub-
waHe, obbpkaHocm. boaHume ce gexugpamupam u
npomeHume 6 cb3zHaHuemo moeam ga eBoaroupam
6bp30 go Koma. AuazHo3ama Ha xunepkaayuemuama
MOXe ga ce 3ampygHu nopagu cbnbmcmBawama
cumnmomamuka, npegu3Bukata om HanpegBawusa
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mymop. AKO e HaAuue u xunoarbymuHemus, HuBama
Ha obwua kaayul ocmaBam 6 uau 6Au30 go 2opHa-
ma 2paHuua Ha pepepeHmHua uHmepBaa u gonbAHU-
meAHo 3ampygHaBam guazHo3zama.

MocmaBaHemo Ha guaz2Ho3ama XunepkaAuuemus,
cBbp3aHa ¢ mymop, ce ocHoBaBa Ha noBuweHu Kaa-
uueBu HuBa c Had-4ecmo nomucHam napamxopmoH
U aHamHe3a/KAUHUKa 3a 3a0kadecmBeHo 3a6oanBaHe.
Xunepkaauuemusma npu pakoBo-60AHU mpacBa ga
ce npueme Kamo CUMNMOoMamuyHa go Kamez20pudHo
gokazBaxe Ha npomuBHomo. HeopeaaHuuHu oca-
mu npu me3u 60AHU He BuHaz2u ca uHgpopmamuBHu,
mblU kamo HuBama um 3aBucam om mouyHume mexa-
HU3MU, NOo Koumo HacmbnBa xunepkauyuuemuama.
Vima onucaHu cayuau, obaye, Ha CbuemaHue Ha 3A0-
kauecmBeHo 3aboAa8aHe u nbpBuueH xunepnapamu-
peougu3bM.

OnucaHu ca yemupu ocHOBHU MexaHu3zma 3a Bb3-
HukBaHe Ha xunepkaAuuemuama npu MaauzHeHu 3a60-
AaBaHuga (Tabauua 1), HO NPU eguH U CbW, NAUUEHM MO-
e ga gonpuHaca noBeue om eguH mexaHuzbm. Hanpu-
Mep, NPU 3HaYUMeAHa Yacm om CAyYaume Ha Xymopaa-
Ha XunepkaAuuemus MoOXKe ga ca HaAuue U OCMEOAU-
MuYHU KocmHu memacmasu. C u3kAloueHue omyacmu
Ha nocaegHus, Bcuuku me geaam egHa obwa ocobe-
Hocm - KatouoBa poana uepae akmuBupaHemo Ha ocme-
okaacmume 6 kocmma. Pazaukume ce cbcmoam 6 nb-
msa, no koumo cmaBa moBa akmuBupaHe.

noemuyHama cmBoaoBa kaemka. B pesyamam om
HAKOAKO CMbNKU Ha gudgpepeHyuauua u yzpabaHe ce
noayyaBa 3peauam ocmeokAacm - MHO20agpeHa He-
geAaawa ce KAemka, Yuamo yHkyua e pezopbuua Ha
Kocmma. AudepeHuuauuama Ha NAYpunomeHmHa-
ma KOCMHOMO3bYHa KAemka u3uckBa nocaegoBa-
meaHo Bb3gelicmBue om makpoazeasHua KOAOHU-
cmumyaupaw, gpakmop (M-CSF) u aueaHga Ha peugen-
mopa Ha akmuBamopa Ha MmpaHCKUNUUOHHUA (ak-
mop NFkB (RANKL) (8). PagHoobpa3Hu ¢pakmopu, Ka-
mo Hanpumep IL-1, IL-6, IL-11, TNF-alfa, EGF, Activin A,
Au2aHgu Ha RXR u gpyeu, moguduuupam mexHua
epekm u gonpuHacam 3a akmuBupaHemo Ha ocme-
okrnacmume (9, 10). EkcuecuBHa npogykuua Ha
RANKL uAu pazHoobpa3zHU UUMOKUHU Mo2am ga hpe-
gu3zBukam abepaHmHo npuBauuaHe, y3zpabaHe u ak-
muBupaHe Ha ocmeokracmu u368bH PU3UOAORUYUHO-
mo KocmHo pemogeaupaHe. DuzuonrozuuHo RANKL
ce ekcnpecupa Kamo membpaHeH NPpoMeuH U ce cek-
pemupa 8 ekcmpaueayrapHama meyHocm om Kocm-
HOMO3bYHUME CMPOMHU KAEMKU, ocmeobracmume u
ocmeouumume. Makmopu, koumo yBeauuaBam npo-
gykuuama Ha RANKL, ca (PTH, PTHrP, IL-6, IL-11. B cb-
womo Bpeme IL-6, IL-11, TNF-alfa ycuaBam ecpexkma
om akmuBupaHemo Ha RANK, a 8 Hakou cAayuau mo-
2am ga goBegam go y3paBaHe Ha ocmeokAacma He-
3aBucumo om RANK. Wnt5a ce ekcnpecupa om ocme-
obracmume, akmuBupa 6ema-kameHuH-He3aBucum

Tabauya 1. TunoBe xunepkaauuemus, cBbp3aHa ¢ MmaauzHeHu mymopu, no Steward et al. 2005 (39).

XunepkaAyuemua npu maAuzHeHu 3a6ora6aHun

MexaHuzbm

Tun mymop

XymopaaHa xunepkaayuemua om ¢pakmopu,
ceKpemupaHu om COAUgHU mymopu

XunepkaAyuemus om AOKaAHU OCMEOAUMUYHU
¢hakmopu, cekpemupaHu 0m MymopHume KAemku

PTHrP

[NMAoCKOKAEMBYHU KapUUHOMU C

pa3AudeH npou3xog, 6 LOpeuHoKAEMbYEH,
oBapuaseH, eHgomempuaaeH Ha MAeYHa
*ae3a, HTLV-cBbp3aH u gpyau Aumcpomu

Om ocmeoAumuYHU KOCMHU Memacmasu AokaaHu MaeuHa xae3a, npocmama,
hakmopu

Om aHzaxkupaHe Ha KOCMHUA MO3bK PTHrP, MaeuHa xAe3a, MUAMUNAEH MUEAOM,
UUMOKUHU, | AUMdOMU
XEMOKUHU

Om abepaHmHa cekpeuus Ha 1,25(OH)2D 1,25(OH)2D | Aumdpomu

(Aumcpomu).

HopmaaHama kocmHa obmaHa u3zuckBa cnpezHa-
mama akmuBHocm Ha ocmeouumu, ocmeoKkAacmu u
ocmeobaracmu. TNocaregHama ce ocueypaBa upes
CAOXKHA ME>XXgUKAEMBYHA U XYyMOpaAHa peayaauun Ha
KAembuHama gudpepeHuuauun, cvipabaHe, akmuBu-
paHe, oyHkuua u npexxuBaBaHe uau npozpamupaHa
cmbpm. OcmeokAacmbm NPoOU3X0XKga Om Xemamo-

MPpaHCKPUNUUOHEH NbM upe3 eguH NogobeH Ha mu-
po3uH-KuHa3a peuenmop cupak Bbpxy ocmeokaacm-
HUMEe NPeKYpCcopu u N0 MO3u HauyuH 3acuaBa excnpe-
cuama Ha RANK Ha noBbpxHocmma um (11).

Endocrinologia vol. XX Ne4 /2015




AnekcaHgvp A. LLlunkoB

XymopanHa xunepkaauuemus

XymopaaHama XunepkaAuuemusa ce gbAXKU Ha ak-
muBupaHe Ha ocmeokAacmHama KocmHa pe3opouus
om cekpemupaHu om mymopa gpakmopu. 3a nbpBu
nbm e onucaHa npe3 gBagecemme 2oguHu Ha 20
Bek, koeamo cmaBa Bb3moxkHO uzmepBaHemo Ha ce-
pymHume HuBa Ha kaauua. [pe3 1941 2. F. Albright
u3Aaza xunome3ama, Ye CbCMOAHUEMO Ce gbAXKU Ha
PTH. B cregBawume gecemuaemua cmaBa acHo, ye
moBa He e maka u npe3 1987 2. ce uzoaupa PTHrP
om KAemKU om KapuuHom Ha 6eaua gpob, a B8 caeg-
Bawume 20guHU U om makbB Ha mAeuHama kae3a
(12, 13). XymopanHa xunepkaayuemus ce onucBa npu
peguua mymopu, Hald-Beye om enumeaeH npou3xog -
NAOCKOKAEMbBUYHU MUMOPU Ha ycmHa KyxuHa, xpa-
HonpoBog, 6ar gpob, ByaBa, koxa, MAeuHa >KAe3a,
6b0pek u ypomea (7). Mima cbobweHua 3a npogyk-
yua Ha PTHrP om ¢peoxpomouyumomu u KapuuHOUgHU
mymopu. EguHcmBeHomo xemamoao2u4HO 3AOKa-
yecmBeHo 3aboanBane, oGuualiHO npogyuupawo
PTHrP, e azpecuBHuam aumdom, cBbp3aH ¢ uHgek-
wua ¢ HTLV-1.

PTHrP npegcmaBanaBa npomeuH cbc 70% Xomo-
AoxkHocm ¢ PTH 6 N-kpaa Ha noaunenmugHama Be-
puza. OcmaHaaama yacm om moAekyaama Ha PTHrP
e YHUKaAHa 3a Hezo. Bvnpeku pazauyusama, gBama
XopmoHa cBbp3Bam eguH u Ccbwu peuenmop
(PTH/PTHrP-R) u umam cxogHo buoAo2uuHo gelcm-
Bue (1). PTHrP ce ekcnpecupa kakmo om pa3Hoo06-
pazHu mymopHu munoBe, maka u om peguua Hop-
MaAHU kaemku. Ceea ce 3Hae, ye XOPMOHBM uz2pae
pOAf 3a pacmexka Ha Xpywaaa u kocmume, pazBumu-
€mo Ha KoXkama, MAevyHama >ae3a, 3b0ume, omnyc-
KaHemo Ha 2Aagkama myckyaamypa Ha mamkama, nu-
KOUHUA Mexyp u cbgoBeme. PTHrP ce cekpemupa 6
3HauuUMeAHU KoAudecmBa om naaueHmama u ocobe-
HO OM AaKmMupawama MAevHa >Ae3a, Koemo Oocu2y-
paBa HezaBucumocm Ha kaauueBua BHOC KbM NAOga
U Kbpmama om HopmMaAHama ¢pu3uoAO2UYHa peayaa-
uua (14). Hakou uzcaregoBameau cbobwaBam 3a
PTHrP 8 2paHyromume Ha nauueHmu CbC capkougo-
3a (15).

MoBuweHu HuBa Ha PTHrP ce ycmanoBaBam npu

0KkoA0 80% om nauueHmume cbe cBbp3aHa ¢ MaauzHe-
HU mymopu xunepkaauuemus. OcBeH ue e npudyuHa 3a
Xunepkaauuemun, XxopmoHbm ydacmBa 6 ocmeoausa-
ma npu KocmHuU memacmasu u 6 peayrauuama Ha pac-
me>ka Ha mymopHUMe Kaemku, u BepoamHo uzpae po-
A9 Kamo chakmop 3a oueaaBaremo um (16).
[MogobHo Ha PTH, PTHrP cmumyaupa kocmHama pe-
30pbuuna Ype3 ocmeobracm-meguupaHo akmuBupa-
He Ha cucmemama RANKL-RANK. AabopamopHomo
uzcaegBare gokazBa Bucok cepymeH Kaauul, HUCKU
CEePYMHU HeopaaHu4HuU gpocgpamu, Bucok ypuHeH

UUKAUYEH ageHO3UHMoHOOoc(am, HO HUCBK Cepy-
meH uimakmeH PTH. CvweBpemerHHo ce ycmaroBa-
Bam peguua pazauku 8 Guoro2uuHomo getdcmBue Ha
gBama xopmoHa, koumo Bce owe He Hamupam NbA-
Ho obacHeHue. PTHrP HapywaBa cnpazaHemo Ha oc-
meobracmume u ocmeokaacmume ¢ HegBycmucae-
Ho npeBaaupaHe Ha KocmHama pe3opbuun. MMpudu-
Hama 3a moBa He e acHa. [Nogo3upa ce Bv3gelicm-
Bue Ha gpyeu MymopHU hakmopu UAU Ha hpazmeH-
mu om Mmoaekyrama Ha PTHrP. HuBama Ha
1,25(OH)2D npu 6oAHUME C MaAu2HEHa XunepKaAuu-
emuna ocmaBam Hucku 3a pa3auka om mes3u npu Nbp-
BuueH xunepnapamupeougu3bm, a uHgpy3zua ¢ PTHrP
cmumyaupa T-aadpa xugpokcurazama 6 6vbpeka, ma-
Kap u no-caabo, omkoakomo PTH. BepoamHo Hucku-
am kaayumpuoa ce obycaaBa om Bucokama kaauue-
Muf, om gpyau hakmopu, Npou3xoxxgauwu om mymo-
pa uAu Heno3Hamu cmpaHu Ha geticmBuemo Ha
PTHrP (17). 3a pagauka om nbpBuyHua xunepnapa-
mupeougu3bm, Npu Kolmo ce HabaogaBa memabo-
AUMHa auugo3a, Npu XymopaAaHama xunepkaAuuemusn
ce onucBa memaboAumHa aakaro3a.

Vima cbobweHua 3a mymopHa Xunepkaauuemus C
Bucok PTH. B noBeuemo cayuau ce omHaca 3a eg-
HoBpemeHHO Haaudue Ha 3A0kayecmBeH mymop u
nbpBuueH xunepnapamupeougu3bvm (18). Mima obaue
HAKOAKO gOKYMEHMUPaHU CAyYau Ha CbWUHCKA Npo-
gykuua Ha PTH om gpebHokAemMbYEH U NAOCKOKAe-
MbyeH KapuuHOM Ha 6aA gpob, nanuAapeH KapuuHom
Ha wumoBugHama xae3a, HUckoguepeHuupaH HeB-
poekmogepmareH mMymop, pak Ha AlYHUKA U MUMOM.

Xunepkaauuemus om aokanHu ocmeo-
AumuyHu ¢pakmopu, cekpemuparu om
mymopHume kaemku.
OcmeoAnumuyHu kocmHu Aesuu

Memacmazuparnemo e ocHoBHo cBolicmBo Ha co-
AUgHUME 3A0KadecmBeHu mymopu. BegHbXk NpoHUK-
HaAa B kocmma, mymopbm cmaBa npakmuuyecku He-
AevuM. IMa gaHHU, Ye mymopHUMeE KAEMKU NOHAKO-
2a ocmaBam 6 cnawo cbecmoaHue 6 kocmma ¢ 20qgu-
Hu (19). KocmHume memacma3zu 3acazam no-yecmo
aKkcuaaHusa ckeaem u Bogam go 60Aka, ppakmypu u
geopmauuu, NpuMuUCKaHe Ha 2pbOHAYHUA MO3bK U
HepBHuU kopeHuema. Kocmma ocueypaBa cpega 3a
pazBumue Ha mymopa, npegocmaba peszepBoap om
cmBoroBu KAEMKU U KAEMBYHU NPEKYpPCopu, pac-
Me>KHU (PaKmopu U UUMOKUHU U ce Hamupa B8 caox-
Ho B3aumogeldcmBue ¢ KOAOHU3UpPAWUME MYMOPHU
KAaemku. HaG-uecmo kocmHu memacmasu ce omkpu-
Bam npu pak Ha maeuHama >kae3a, beaus gpob, npoc-
mamama, 6bbpeka, wumoBugHama »Ae3a u gpyau.
AOMUHUpPamM OCMeoAUMUYHUME KOCMHU memacma-
3U U Kamo YCAOXHeHue Ha macuBHa ocmeoau3a
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moxe ga ce pa3zBue xunepkasuuemun. Xunepkaauue-
mus ce HabaogaBa Hal-yuecmo Bb6 Bpb3ka ¢ KOCMHU
Memacmazu om KapuuHOM Ha MAeYyHama >Ae3a Ka-
mo okoAo 10% om >XeHume C pak Ha 2bpgama we
pa3zBusm xunepkaAuuemus Ha HakakbB eman om 3a-
6oaaBanemo. MNpakmuyecku BuHazu xunepkasuyuemu-
ama npu moBa 3aboaaBaHe e nponopuuoHaAHa Ha
MemacmamuyHOMO 3acA2aHe Ha Kocmume.

PazpywabBaHemo Ha KOCMHUA mampukc u oop-
MAHEMO Ha MymopHama memacmasza u3uckBa HaAu-
yuemo Ha peguua ¢pakmopu. [NpuBauyam ce ocme-
OoKAaCmMHU npekypcopu nocpegcmBom xemomakcuc,
3peAume ocmeokAacmu, 3aobukarawu MymopHama
KAemka, ce akmuBupam u HacmbnBa ocmeokaacmHa
KocmHa pe3opbuus. Memacmasupawume 8 kocmma
MYMOpPHU KAemKu cekpemupam pazmBopum Bapu-
aHm Ha pakmop 1 Ha mexxgykaembuHomo B3aumo-
getucmBue (slICAM1), koimo npoBokupa npogykuus-
ma Ha cneuuduyHu Mmukpo-PHK om ocmeokaacmu-
me. Te om cBoa cmpaHa noggbpykam nog popmama
Ha noAoxkumeaHa obpamta Bpb3ka ocmeokaracmoze-
He3ama (20). Om pe3opbupaHua KOCMeH Mampukc
ce ocBoboxgaBam pacmexxHu pakmopu (TGF-beta),
KOUMO nognomazam npoAudpepavuama Ha mymopa
(21). Mima gaHHU, Ye KAemKUumMe Om paka Ha MAeYHa-
ma »KAe3a, kKoumo memacmazupam 8 kocmume, cek-
pemupam PTHrP. NocAregHuam uzpae poaa Ha Aoka-
AeH cmumya 3a cucmemama RANKL-RANK u npomaHa
6 cvomuoweHuemo RANKL/ocmeonpomezepuH ¢
ycuaeHo 3peeHe u akmuBupare Ha ocmeokAacmume.
OcBobogeHume om kocmuua mampukc TGF-beta, a
Bepoamuo u IGF-1 u IGF-2 om gpyza cmpaxa ocuay-
paBam npexxuBaBaHemo u cmumyaupam ekcnpecus-
ma Ha IL-6, IL-11 u VEGF 8 mymopHume kaemku. B pe-
3yamam HacmbnBa gonbaHUuMeAHa, He3aBucumo om
PTHrP u RANK cmumyaauyus Ha ocmeokaacmume u
HeoBackyrapuzauyua Ha HapacmBawua mymop. Oc-
BeH moBa, mMemacmamuyHume KAemMKU ekcnpecupam
Ha membpaHama cu kaauueB peuenmop (CaSR). Buco-
Kama KoHueHmpauua Ha oc8o60geHuUa Npu OCMEOAU-
3ama kaAuyul akmuBupa peuenmopa u ocbwecmBaBa
noao>kumeaHa obpamua Bpb3ka, cmumyaupalku
mpaHcKkpunuuama Ha 2eHa 3a PTHrP. Taka ce noggup-
>Ka NOPOYEH Kpb2 MexXgy mMymopHUmMe KAemku U KOC-
mHama mukpocpega, ocueypaBauw, HapacmBaHemo Ha
memacmazume u npoepecuBHo pazpywabaHe Ha
KOCmma u Xunepkaauuemus.

AokanHa cmuMyAaauug Ha ocmeoAusama
om kocmHomo3byHuU pakmopu

EgHo om 3aboaaBaHusma, Hal-vuecmo acouuupa-
HU C XunhepKaAuuemua, € MyAmunAeHuam MmMueAOoM
(MM). Tol npegcmaBaaBa kaoHaAHa Heonaazma C
NAA3MOUUMEH NPOU3X0g U € egHO Om Hau-yecmume
XEeMamoAO2UYHU MaAu2HeHU 3aboaaBaHun. YHUKaAHa

ocobeHocm Ha 3aboaaBaHemo e npegu3zBuxBaHama
om Hez20 gudy3zHa ocmeoau3za kamo npu 80% om
OOAHUME € HaAuue MeXKOo U Npozpecupawo 3acaza-
He Ha KocmHua ckeaem (4). Xunepkaauuemus ce Hab-
AtogaBa npu yacm om GOAHUME C MYAMUNAEH mue-
AOM, NO-4ecmo npu HacmbnBaHe Ha NAa3MOKAEMbY-
Ha AreBkemua - 2eHepaau3upaHa HanpegHaaa popma
Ha 3aboaaBaHemo. Xunepkaauuemuama He BuHazu
cbomBemcmBa Ha cmeneHma Ha KOCMHO 3acazaHe.
AokazameacmBo 3a moBa e pakmbm, ve npu naas-
MoKAemMbYHama aeBkemuna KOCMHOMO 3acaz2aHe e no-
cAabo, a xunepkaauuemuama - no-4yecma, OMKOAKO-
MO NpU KAaCUuYeckua MueAaom (22).

3a pa3zauka om XymopaAaHama xunepkaauuemus,
Koamo noumu BuHa2u ce gbAXKU Ha npogykuua Ha
PTHrP, mexaHuzmume npu myamunAeHUA MUEAOM Ca
no-pa3Hoo6pa3Hu u Bce owe He HANBAHO U3ACHEHU.

[Mpu MueAroMHO-DOAHU € XunepkKaAyuemua novymu
HEU3MEHHO e HaAUUe U HamaAeHa 2A0MepyAHa puam-
pauua. XapakmepHo 3a Xb3 npu muerom e egHoBpe-
meHHomo yBeauyeHue Ha mybyaHama peabcopbuun
Ha KaAuul U HamMaAeH KAUPBHC Ha pochamu. Ha go-
Ha Ha yBpegeHa GbbpeuHa hyHKUUA, 3aCUAEHOMO
mobuau3upaHe Ha kaauul om kocmume Bogu go xu-
nepkaauuemus.

MueromHUmMe KAemMKU UHgyuupam KocmHa pe-
30pbuua NO HAKOAKO MeXxaHu3ma. Te cmumyaupam
npogykuuama Ha RANKL om kocmHOMO3bYHUME
CMPOMAAHU KAemKU U om akmuBupaHu T-Aumdpouu-
mu u cbweBpemeHHO nomuckam Npogykuuama Ha
ocmeonpomezepuH (OPG), m.e. HapywaBam cvom-
HoweHuemo RANKL/OPG u no mo3u Ha4uH uHgyuu-
pam ocmeokAacmHa ekchaH3usa (23). B pe3yamam
KOCMHOMO pemogeAupaHe ce paznpsaea, ¢ akmuBupa-
Ha ocmeoKkAacmHa gudpepeHuyuauus u akmuBupaHe,
u auncBawo akmuBupare Ha ocmeobaacmume. bb6-
peyHama HegoCcmambyHOCM gonbAHUMEAHO NOBAU-
aBa moBa paBHoBecue (24). HeomgaBHa 6ewe onu-
CaH U gpyz MexaHU3bm 3a NOMuCKaHe Ha KOCMHOMOo
u3z2pa>kgaHe - MUEAOMHUME KAeMKU cekpemupam
DKK1 - moaekyaa, koamo cBop3zBa LRP5 u 6aokupa
Wnt nbma 3a gudpepeHuupaHe Ha ocmobaacmHume
npekypcopu B8 kpalHu ocmeobracmu (25). Te3u gaH-
HU ca nomBbpgeHu om Gunn WG u cbmp., Koumo
gokazBam no-Hamamwbk, Ye cekpemupaHuam om mu-
eromHume kaemku DKK1 egHoBpemeHHo ¢ nomucka-
Hemo Ha ocmeobAacmHama gudpepeHuuauua Ha
KocmHomo3byHume cmBoroBu Kaemku, cmumyaupa
npogykyuua Ha IL6 om max. IL6 om cBoa cmpaHa ocu-
2ypaBa npexxuBaBaHemo Ha MuUeAOMHUME KAEMKU.
3agbabouaBalku me3u uzcaegBanua, Qiang YW u
Cbmp. Nnpegaazam xunome3ama, 4Ye No onucaHume
mexaHuzmu DKK1 e katouoB dpakmop, ocueypaBauw,
MuKpocpegama 3a pazBumue Ha 3a6oaa8aHemo (26).
MueromHUMeE kKAemMKU cekpemupam KOHCMumMyuuo-
HaaHo ILT u TNF-alfa. OcBeH ue cb3zgaBam nogxoga-
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wa cpega 3a gudpepeHyuayua Ha ocmeokAacmume,
me uHgyuupam cekpeuun Ha MakpogazeareH UHpAa-
mamopeH npomeut 1 (MIP-Talfa) om akmuBupanume
Makpogazu u ocmeobracmonogobHU Kaemku. MIP-
Talfa ce omkpuBa 668 Bucoku koHueHmpauuu 8 kocm-
HUA MO3bK Ha hauueHmu ¢ MM, kamo ce oka3Ba, ue u
camume MUEAOMHU KAEMKU mo2am ga 20 cekpemu-
pam. MIP-1 cmumyaupa ocmeokaacmuama gudpepet-
yuauua u kocmHama pe3zop6buua no RANKL/ RANK-
3aBucum mexaHuzbm u HUBama my Kopeaupam cC ak-
muBHocmma Ha 3aboaaBaHemo u mexkecmma Ha
KocmHomo 3acaeaHe (27). OcBen moBa, MIP-1alfa
cBbp3Ba nobBopxHocmHume peuenmopu CCR-T u
CCR-5 B8bpxy KOCMHOMO3bYHUME CMPOMAAHU KAEM-
KU U Meguupa agxe3zuama Ha MUEAOMHUME KAemKuU
Kbm max (28). B pesyamam HapacmBa ekcnpecuama
Ha RANKL u IL-6, koemo gonbAHUMeAHO 3acuaBa oc-
meoAUMUYHUA Npouec.

Vima cbobwieHus, ye KAemKume Ha Myamunae-
HUa mMueaom mozam B HAakou cAyvau ga cekpemu-
pam PTHrP.

Xunepkaayuemua om abepaHmHa
cekpeuug Ha 1,25(0H)2D

C mepmuHa BumamuH A ce obozHauaBa cbBkyn-
HOCM OM CMepPOoUgHU MOAEKYAU, CUHMe3upaHu 6 op-
2aHuU3Ma B HAKOAKO cmbNKU, KpalHUAM NPOgyKm om
koumo, 1,25(OH)2D uau owe kaauumpuoa, ce cBop-
368a cbC cneuuduyeH agpeH peuenmop om chamu-
AUAMA Ha cmepougHume peuenmopu u noBaunBa
mHOXKecmBo mpaHckpunuuoHHU nbmuwa (29). Oc-
HoBHama chyHkuyua Ha BumamuH A e ga cmumyaupa
upeBHama pe3zopbuua Ha Kaauul u pocpamu u ga
MOgyAupa KOCMHOMO pemogeAaupaHe. Tbl kKamo pe-
uenmopu 3a Bumamund A ce omkpuBam 6 noumu
Bcuuku kaembuHu munoBe, BepoamHo mol uma
MHO20 NO-WUPOKO BUOAO2UYHO 3HaUYeHuUe U pa3Hoob-
pa3Hu oyHKyuU, BKAIOUUMEAHO MOgUAUpaHe Ha UMY-
HoAao2uvHama peakmuBHocm (30, 31). MNMocaegHama
cmbnka OM CuHmMe3a Ha KaAUUMpPUOA Ce oCbwecm-
BaBa om 250H-xoaekaAuyugepoa-T-aapa Xugpokcu-
Aa3a (CYP27B1) B8 6bb6peka. Peguua kAemku u mbka-
HU Kamo AUMOUUMU, MOHOUUMU/Makpogazu, oc-
meobracmu, kepamuHouumu, gebeaoupeBHu enu-
MEeAHU KAEMKU, NPOCMama, NAAUEHMa, MAEYHA >KAe-
3a CbWO ekcnpecupam mo3u eH3um, koemo Bepoam-
HO e yacm om AokaaHa BumamuH A cucmema c ab-
MOKPUHHO U/UAU NapakpuHHO 3HayeHue (32).

TymopHa ekcnpecus Ha 250H-xoaekaayupepon-1-
aaha XugpokcuAaza e onucaHa KAacu4ecku npu AUM-
ponpoaucpepamuBHu 3a6oraBarun (33, 34).

MpubAuzumeaHo npu noroBuHama om nauueHmu-
me C Xxunepkaauuemus u Aaumgpomu ce ycmaroBa6a no-
BuweHo HuBo Ha 1,25(0OH)2D. M gokamo A02u4HOMO
obacHeHue 6u mpabBaro ga e cBbp3aHo ¢ macuBHama
AUMdIOUgHa npoAudpepauun, Hewison M u cemp.

gemoHCcmpupam ekcnpecua Ha T-aagpa Xugpokcuaaza
B8 mbkaHHUMe makpodpazu, HO He 6 AumdomHume
kaemku (35). Te3u gaHHU Harazam u3B0g, ye B me3u
CAYYau ce omHaca go hapakpuHHa pea2yaauua Ha my-
mop-akmuBupaHume makpogaau.

Bvnpeku acHomo pa3zepaHudyaBaHe Ha HAKOAKO
mexaHu3zma 3a Bb3HukBaHe Ha xunepkaauuemua npu
3A0KkavecmBeHu 3aboaaBaHun, B peguua caydau e
ONuUCaHO CbyemaHue Om HAKOAKO mexaHu3ma - Had-
yecmo npogykuua Ha PTHrP ¢ ocmeoAaumuyHo kocm-
HO 3acfeaHe U/UAU UUMOKUH-UHgYuupaHa KOCMHa
pe3zopbuus, u/uau ekcnpecua Ha 250H-xoaekaauu-
epoa-T-ardpa xugpokcuaaza (36, 37). Cowo maka,
eguH MUN MYMOpP MO>KEe NpU pa3zAUYHU hauueHmu ga
u3zaBu xunepkaayuemua NO pPa3AUYHU MeXaHUu3MmU.
Aumcpomume ca munuyeH npumep 3a moBa, kakmo e
onucaHo no-2ope.

TepaneBmuyHo noBegeHue

AedeHuemo Ha xunepkaAuuemuama Npu 3A0Ka-
yecmBeHu 3aboaaBaHua e Bce owe HepeweH npob-
Aem. AecpuHumuBHomo uzaekyBaHe Ha ocHoBHOMO
3aboanBaHe e kaouyoBo, HO uvecmo HeBb3MOXKHO.
Ouwe noBeye, ye xunepkaryuemuama 4ecmo e npos-
Ba Ha aBaHcupaa mymop.

B Tabauua 2 ca npegcmaBeru Hal-yecmo npuaa-
2aHume cpegcmBa 3a AeueHue Ha XunepkKaauuemus
(38, 39). Hat-o6wo, AeueHUEeMoO ce CbCcmMou om mpu
KAtouoBu eremeHma - macuBHo 3amecmBate Ha ekc-
mpaueayrapHua obem, popcupaHa guypesa caeg
ocuzay-paBaHe Ha HopmoBoaemun u 6AOKUpaHe Ha oc-
meokAacmHama KkocmHa pe3opbuua. KoHkpemHuam
u3zbop Ha cpegcmBa 3aBucu om mexaHuzma Ha Bb3-
HukBaHe Ha XunepKaAuUuemuaAma, CbCMOAHUEMO Ha
00OAHUA U Npo2HO3ama No omHoweHue Ha »xuBoma.

AobBpama xugpamauus e BaxkHa npu Bcuuku nayu-
eHmu, mbl Kamo xunepkaiuuemuama uHgyuupa
(PYHKUUOHAAEH HeppozeHeH uHcunugeH guabem u
noBeuemo 6oAHU ca gexugpamupaHu B HakakBa
cmeneH. [NpuaoxxeHuemo Ha 6pumkoBu guypemuuu
ce ocHoBaBa Ha kaauuypemuuHua um edpekm. lMpu
noBeyemo GOAHU C XyMOpaAHa XunepKaAuuemusa mo-
Ke ga e Haauue xunodpocpamemusn. [NocregHama
usuckBa BkaouBaHe Ha pochameH npenapam. 3a
CbXKaAeHUe, NOHACMOAWEM Y HaC He pa3noAazame C
peaucmpupaH makb6.

BugocoHamume u geHocymab noBausaBam kaa-
uueBume HuBa npu noBeuemo nauueHmu HezaBucu-
MO OM MexaHu3ma Ha xunepkaauyuemuama, mbl Ka-
MO ycuaeHa KocmHa pezopbuyus - o2HUWHA UAU gu-
¢y3Ha - e Haauue npakmudecku Burazu. Epekmobm
Ha aHmupe3zopbmuBHume npenapamu HacmbnBa 6
pamkume Ha 2-3 gHu u e Bb3moxkHo BnocaegcmBue
ga ce u3abu xunokaauuemus. FAloKOKOpmMuKougume

186

Engokpuronozug mom XX Ne 4/ 2015



Tabauya 2. Tlogxogu 3a AeveHue Ha xunepkaauuemus cBbp3aHa cbe 3n0kadecmBeHu 3a6oanBarusn (38, 39).

Mogxog/MegukameHm Ao03a/oco6eHocmu

Xugpamauua

Du3zuorozuueH pazmbop, oparHa xugpamauyusa Cnopeg cbpgeuHocbgoBua cmamyc u 6bbpeuHama

pyHkuua - npu Bcuuku nauueHmu

MopcupaHa guypesa

bpumko8 guypemuk 20-40 m2 BeHo3zHo npu agekBamHa xugpamauusn

@docamu
Cnopeg cepymHume ¢pocpamuu HuBa. NMpurazam ce camo 3a
Kopu2upaHe Ha mexkka Xunogocgamemus.

DocpoHeypoc uau gpyz npenapam

Mpenapamu Ha nbp6Bu uzbop
BeHo3HU GudochoHamu

MamugpoHam 60-90 m2 6 gByuacoBa uHpy3zua
3o0AegpoHam 4 me 6 15-30-muHymHa uHdy3un
AeHocymab 120 (280) m2 NOgKO>XKHO
Mpenapamu Ha 6mopu u3z6op
F'Arokokopmukougu 20-60 M2 opaAHO UAU napeHmepaaHo (Buxx mekcma)
KaauyumoHuH 4-8 E/k2 Ha 12 yaca NOgKOXHO UAU MYCKYAHO
MumpamuuyuH He e peaucmpupaH 8 bvaAzapun

FaaueB Humpam He e peazucmpupat 8 bbazapun

ca epekmuBHU NpU YUMOKUH-UHgYUUpaHama xunep-
KaAuuemus u npu mazu, cBbp3aHa c ekcnpecusa Ha 1-
aApa XugpokcuAaza, Ho He u npu PTHrP-3aBucuma-
ma, m.e. MAXHOMO NpUAOXKeHUe e Hal-edpekmuBHo
npu hayueHmu ¢ MyAMUNAEH MUEAOM UAU gpyau AUM-
ponpoaupepamuBHu 3aboraBaHus. Epekmbvm um e
no-6aBeH om mo3u Ha aHmupe3opbmuBHume.
KaauumoHuHbm e eguH om Hal-cmapume Xuno-
KaAuuemuzupawu megukameHmu u Bce owge ce u3-
noa3Ba 3a ueama. Epekmbvm my e 6bp3, HO 3HaYU-
MEeAHO NO-CKPOMEH OmM MO3U Ha napeHmepaAaHume
aHmupe3opbmuBHu npenapamu.

Mpu nauueHmu, Nnpu Koumo u3zbpoeHume cpegc-
mBa He Mo2am ga ce NPUAOXKam UAU HAMam eekm,
U NPU Me3u CbC 3HAYUMEAHO HaMaAEHa 2AOMEPYAHA
puampauug, MoXe ga ce NPuCMbNU KbM XEMOGUAAU-
3a ¢ pazmBop ¢ Hucko kaauueBo cbgbpiKaHue.

B 3akAroyeHue, xunepkaAuuemuama npu 3A0Ka-
uyecmBeHu 3a60Aa8aHuUA € yecma, CbC CAOXKHA Namo-
2eHe3a U CbC 3HadumeaeH egekm Bbpxy obwomo
cbCmoaHue Ha nauueHmume. HedHomo oBaagaBaHe
€ MpyYgHo, a waHcbm 3a u3aekyBane 3a6ucu om 6b3-
MO>XXHOCmMuUme 3a omcmpaHaBaHe Ha nbpBuuHomo
3aboaaBaHe.
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Bpb3kama mexkgy mupeouguma Ha Xawumomo u mupeougHug

kapuuHom — Mum uAu peanHocm?

CugepoBa, Mupa B., Xpucmo3zo06, Kupua X.

KauHuka no EHgokpuHoaozus, YHuBepcumemcka boaHuua ,C8. MapuHna“, BapHa

The Association Between Hashimoto's Thyroiditis and

Thyroid Cancer — Myth or Reality?

Siderova, Mira V., Hristozov, Kiril H.

Clinic of Endocrinology, University Hospital ,St. Marina” Varna

Pe3iome

Acouuauuama mexxgy mupeouguma Ha Xawu-
momo (TX) u gugepeHuupaHus mupeougeH Kapuu-
Hom (ATK) omgaBHa ce pa3eaexxga 6 aumepamypa-
ma, HO HaAauduemo Ha B3aumoBpb3ka mexgy max
Bce owe e cnopeH Bbunpoc. ,CoxxumercmBomo” Ha
me3u gBe 3aboaaBaHun ce gokaagBa 6 go 30% om
cAyvaume, npegnoaazaliku nNamogu3uoAo2UYHa U
npuduHHo-cAegcmBeHa Bpb3ka mexgy max. Om
gpyea cmpata, Haauduemo Ha cbnbmemBaw, aBmo-
UMyHeH mupeougum moxe ga e cBbp3aHo ¢ no-Huc-
Ka yecmoma Ha peuuguBu u ¢ no-gobpa npozHo3a
Ha mupeougHUA KapuuHOM. AuazHo3ama u npocae-
gaBaHemo Ha me3u cayyau ca npegu3zBukameacm-
B0 gopu 3a ekcnepmu u uzuckBam uznoa3zBaHemo
Ha wupokK Habop om AabopamopHu, yampazBykoBu
U MOP(POAO2UYHU Kpumepuu, kKakmo u uHguBugya-
A€H Nogxog.

Lleama Ha Hacmoawua 0630p e ga 0606wy Ha-
AUYHUME go MomeHma goka3zameacmBa 3a Bpb3ka-
ma MeXkgy mupeouguma Ha Xawumomo u gudpeper-
UupaHua mupeougeH KapuuHom ¢ akueHm Bobpxy enu-
gEMUOAOUYHUME, KAUHUYHUME U NPO2HOCMUYHU
ocobeHocmu Ha wumoBugHua pak Ha poHa Ha mu-
peougum. Pa3eaegaHu ca cbwo OuoAo2UYHOMO
obacHeHue Ha Bpb3kama mexgy TX u ATK, kakmo u
H6uomorekyaapHusm npodpua Ha gBeme 3a6oaaBaHus.

KatoyoBu gymu:

Abstract

The association between Hashimoto's thy-
roiditis and differentiated thyroid cancer has
been discussed in the literature, but the relation-
ship is still controversial. The coexistence of these
two diseases is reported in up to 30% of cases,
suggesting that there might be a pathophysiolo-
gical and causative link between them. On the
other hand, the presence of thyroiditis may indi-
cate a lower recurrence rate and a better progno-
sis of thyroid cancer. The diagnosis and follow-up
in these cases may be challenging even for
experts and requires a wide range of laboratory,
ultrasound, and morphology criteria in addition
to an individualized approach.

The aim of the present review is to summa-
rize the available evidence for the link between
Hashimoto's thyroiditis and differentiated thyroid
cancer with the emphasis on epidemiology, clini-
cal manifestation and prognostic outcome of thy-
roid carcinoma associated with autoimmune thy-
roiditis. The biological explanation of the link
between HT and DTC, as well as the biomolecu-
lar profiles of the two conditions are also dis-
cussed.

Key words:

mupeougum Ha Xawumomo, MupeougeH Kapuu-
Hom, RET/PTC mpaHcaokauuu

Hashimoto's thyroiditis, thyroid carcinoma, RET/PTC
rearrangements
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Mupa B. CugepoBa u compygHuyu

BbBegeHue

Tupeougumbm Ha Xawumomo (TX), uzBecmeH owe
Kamo XpoHu4eH AumdpouumapeH uAau aBmoumyHeH
mupeougum (AUT) e Had-yecmomo aBmoumMyHHO Wu-
moBugHo 3a6oaaBare u Hal-vyecmama npuyuHa 3a Xu-
nomupeougu3bm (1). Xapakmepu3upa ce ¢ munudeH
yampazBykoB obpa3 u uupkyAupawu aHmumeaa cpe-
Wy mMupeougHU aHMU2EHU - MmupeonepoKcugasHu
(TMO-AT) u mupeoarobyauHoBu aHmumeaa (TT-AT).
3aboaaBaHemo e onucaHo 3a nbpBu nbm npe3 1912 2.
Kamo XUCMOAO2U4Ha Haxogka om Xakapy Xawumomo,
anoHCKU xupyp2 u namoaoe (2). B cBemoBer mawab
yecmomama Ha AUT ce oueHaBa Ha 1,2%2%, a 20-
guwHama 3aboaeBaemocm - Ha 0,8 go 3,5 cayyaa Ha
1000 gywu, kamo >keHume ca 3acezHamu 10-15 nbmu
no-uecmo om mbxkeme, ¢ nuk 866 Gb3pacmma mexxkgy
30 u 50 2. (3). TupeougHume Bb3AU Ca MHO20 Yecma
KAUHUYHA Haxogka ¢ ycmaHoBeHa Ha 6a3ama Ha naana-
uua yecmoma mexgy 3% u 7% om HaceareHuemo (4).
Lllupokomo HaBauzaHe Ha Y3 npe3 nocaegHume gece-
muaemua goBege go gpamamuuHo noBuwaBaHe uec-
momama Ha Bb3Aecmama 2ywa, gocmuaHasa om 20%
go 76% om obwama nonyaauun (3). Forama yacm om
me3u Bb3AU ca m.Hap ,UHUUgeHmMaAoMu” - omkpumu
cayyaliHo npu obpazHo u3zcaegBaHe no gpye noBog.
TupeougHuam kapuyuHom ce omkpuBa 8 5,4% go 7,7%
om HenaAanupyemume 6b3AuU U Ma3u yecmoma e cxog-
Ha C pa3npocmpaHeHUeMOo Ha KapuuHOMa cpeg naAnu-
pyemume Bb3Au - 5,0-6,5% (5). Tupeougumbm Ha Xa-
WwuMomo u mupeougHume 6b3AU UECMO ,CH>KUMEA-
cmBam” 3aegHO, Koemo Haraza npoBexkgaHemo Ha
MbHKOU2AEHA achupauuoHHa buoncus (TAB) 3a gudpe-
peHuupaHemo Ha me3u gBe namoaozuu. Bpwb3zkama
mexgy aBmoumyHHUA mupeougum U MmupeougHuA
KapuuHom omgaBHa e obekm Ha HayuHa guckycua C
npomuBopeyuBu peyamamu om 20AemMu Cmyguu, Ha-
KOU npegnoaazauiu horoxkumeaHa Bpb3ka mexxgy gBe-
me 3aboAa8aHug, gokamo gpyau a omxBopaam.

»~CbkumencmBo* mexkgy mupeouguma Ha
Xawumomo (TX) u gupepeHyupaHug
mupeougeH kapuuHom (ATK)

EgHoBpemeHHomo Haauuue Ha TX u ATK e onucaHo
3a nbpBu nbm om Dailey u cvaBm. npe3 1955 (6).
BnocaegcBue muoxecmBo koaekmuBu uzcaegBam
Bpb3zkama mexxgy gBeme 3aboanBaHun, gokaagBalku
yecmoma Ha Ko-ek3ucmenuus, Bapupawa om 0,5% go
30% (7-12, 15, 16, 18, 19, 21, 42). Tabauua 1 0606wa-
Ba HAaKou om Hald-2oAemume npoyuBaHun, npuHagaexa-
wu kbm gBe ocHoBHU 2pynu: pempocnekmuBHu npo-
yuBaHua Ha XUCMOAO2UYHU mMamepua-Au (mupeougek-
momuu) u npocnekmuBHU UUMoAO2UYHU CMyguu.

Bpb3kama mexkgy aBmoumyHHua mupeougum u
wumoBugHua pak ocmaBa ,2opewa mouka” 8 mu-
peogoAaozuama, noBguealdku pazzaegaHume no-go-
Ay Bvnpocu.

Kol xucmoaoz2uyeH mun kapuyuHom ce
cBvp3Ba c aBmoumyHHug mupeougum?

YcmanoBeHo e, ve nayueHmume ¢ XpoHUYeH AUM-
houumapeH mupeougum umam noBuweH puck 3a
pazBumumue Ha nanuaapeH mupeougeH KapuuHOM
(MTK) u mupeougeH aumdom (13,14). Lee u cbaBm.
aHaauzupam 16 npoyuBaHus, uzcaegBawu yecmoma-
ma Ha TX npu nayueHmu c NTK, kakmo u npu nauu-
eHMU C gpyau XucmoAo2uyHu munoBe kamo ¢oau-
KyAapeH u megyaapeH kapuuHom (13). B mo3zu mema-
aHaau3 TX ce cpewa npu 797 (17,1%) om 4664 nauu-
eHmu c MNTK u camo B8 57 (7,9%) om 725 nauueHmu
€ gpye mupeougeH pak (13). EgHoBpemeHHOMO HaAu-
yue Ha TX u KapuuHOMm e 3Ha4Yumo no-yecmo npu INTK
6 cpaBHeHue c gpyaume XucmoaAoz2u4dHu munoBe
(OR 2,432; 95% CI 1,614-3,665; P<0,001).

B npoyuBane Ha Repplinger u comp. nanuaapHu-
am KapuuHom e npeobaagaBawama maauzHeHocm U
cbecmabaaBa 94% om kapuuHomume Ha poHa Ha ab-
moumyHeH mupeougum (8). Bonpeku ue TK e Hau-
yecmuam XUCMOAO2UYEH MUN U Yy hauueHmume b6e3
TX (76%), moU e 3HaYUMO No-4ecm npu me3u C mu-
peougum (P=0,001), koemo npenoAaza hamozeHe-
muyHa Bpb3ka mexgy gBeme 3aboaaBaHus (8).

Boi u cbaBm. cpaBHaBam maauzHeHuUA puck 3a mu-
peogHu Bb3AU y nauueHmMu,Kkoumo ca cbomBemHo ¢
NOAO>XKUMEAHU UAU ompuuameAHu aHmumena (ATA)
(15). No omHoweHue Ha MunNa Ha MUpeougeH Kapuu-
HOM, pe3yamamume couvam, ye npu ATA HeaamuBHu-
me nauyueHmu NTK cbcmaBaaBa 81,8% om 3a0kaue-
cmBeHume cayyau, a POAUKYAAPHUAM KapUUHOM -
18,2%. B 2pynama Ha ATA noumuBHume nauyueHmu
6oAawuHcmBomo om maauzHeHume caydau (96,3%)
€a nanuAapHU KapuuHomu, gonyckalKku cneuuduyHa
Bpb3ka mexkgy TX u MTK (15).

TupeougHuam Aumgom e pagko 3aboaaBare (1-
5% om mupeougHume KapuuHomu, cbomB. 1-2,5%
om Bcuuku aumcpomu) u noumu Burazu Bv3zHUKBa Ha
poHa Ha XpOHUYEH AUMOUUMApPEH mupeougum.
Makap ue puckem om pa3zBumue Ha mupeougeH
Aumpom e 60 NbmMu No-20AaM Npu havueHmu ¢ TX B
cpaBHeHue ¢ me3u 6e3 mupeougum, eBoatouua Ha
TX go aumgpom ce HabaogaBa 6 no-maako om 0,5%
om cayvyaume, yecmo caeg 30 2oguwHa gaBHocm Ha
mupeouguma (16). B cBemoBen maw,ab yecmomama
Ha Aumgpoma Ha wumoBugHama »xae3a ce okazBa no-
Bucoka B8 pezuoHume ¢ no-Bucoka yecmoma Ha mu-
peougum. TupeougHUAM AUMCOM € egHO Xemepo-
2eHHOo 3aboanBaHe, Hal-uecmo ¢ B-kaembueH npous-
x0g, kamo ce pazaudaBam gBe pazauuHu 68 KAUHUYHO
U npo2HOCMUYHO omHoweHue nogepynu (17). C no-
gobpa npoezHo3a e nogepynama Ha MyKo3a-aCcouuu-
paHume Aumdgomu (MALT-Aumgpomu), cbcmaBaaBa-
wu 6% go 27% om mupeougHume Aaumcpomu. MALT-
AUMpomume, oepaHudeHu camo B wumoBugHama
KA€3a, ca ¢ omaudeH mepaneBmuueH omeaoBop Ha
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Tabauya 1. O6obuweHue Ha pempocnekmuBHu u npocnekmuBHu npoyuBaHusa Bbpxy uecmomama Ha ko-ek3ucmeHyua Ha TX u ATK.

Table 1.  Summary of retrospective and prospective studies on the coexistence of Hashimoto Thyroiditis (HT) and differentiated thyroid
carcinoma (DTC).
Mup6u aBmop/ Tun npoyuBane Mamepuaa u memogu bpou CvomHowenue | Yecmoma Ha
20QuHa/KHuZonuc Studly design Ha npoyuBanemo | Number (n) | xeHu: Mwxe | TX npu
First author/year;ref. Material and methods Female-to-male | nauueHmume
of the study ratio c ATK/
Frequency of
HT in the DTC
patients (%)
Kebebew, 2001 (10) PempocnekmuBHo/ | Tupeougekmomuu/ 136 2,32:1 30
Retrospective Thyroidectomy
Cipolla, 2005 (9) PempocnekmuBHo/| Tupeougexkmomuu/ 178 3:1 26,7
Retrospective Thyroidectomy
Repplinger, 2008 (8) PempocnekmuBHo/| Tupeougekmomuu/ 1198 3:1 29,0
Retrospective Thyroidectomy
Mazakopakis, 20710 (7)| PempocnekmuBHo/| Tupeougekmomuu/ 140 6:1 28,57
Retrospective Thyroidectomy
Ahn, 2011 (42) PempocnekmuBHo/| Tupeougexkmomuu/ 303 5,3:1 21,6
Retrospective Thyroidectomy
Jeong, 2012 (21) PempocnekmuBHo/| Tupeougekmomuu/ 1357 6,5:1 26,5
Retrospective Thyroidectomy
Holm, 1985 (16) MpocnekmuBHo/ TAB/ 1658 15:1 0,12
Prospective FNAB
Boi, 2005 (15) MpocnekmuBHo/ TAB/ 590 9,4:1 13,7
Prospective FNAB
Erdogan, 2009 (18) MpocnekmuBHo/ TAB/ 769 16:1 0,52
Prospective FNAB
Matesa-Anic, 2009 (19)| TlpocnekmuBHo/ TAB/ 10508 9:1 1,95
Prospective FNAB

momaAHa mupeougekmomua UAU Abdemepanua 6 no-
Beue om 90% om cAayyaume, nopagu Koemo MHO3U-
Ha aBmopu npenopbuBam xupypauama kamo Aeue-
Hue Ha nbpBu uzbop B me3u cayuau (17). 3a coxkane-
Hue, no-2oAamama nogezpyna, npegcmabasBawa go
70% om cayyaume, ca gugyzHume egpokAemMbUHU
B-aumgpomu. Te ce xapakmepu3upam c azpecuBer
KAUHUYEH X0g, kKamo 60% om max ce guazHOCMUyU-
pam npu Beue gucemuHupaHo 3aboaaBane (17). Ae-
yeHuemo 6 me3u cayuau BratouBa xumuo- u Abueme-
panus, Ho 5-2oguwHama npexuBaemocm 6 ma3zu
nogepyna e no-maaka om 50%.

KakBa e yecmomama Ha nayueHmume ¢
TX cpeg me3u ¢ mupeougeH kapuuHom?

OmezoBop Ha mo3u Bvnpoc gaBam npoyuBaHus-
ma ¢ m. Hap. apxuBHu mupeougekmomuu, Koumo
aHaAu3upam XucmoaAo2u4YHUMe pe3yamamu npu one-
pupaHu nayueHmMu C MupeougeH pak U KaAKyAupam
yecmomama Ha TX npu max. [oaam memaaHaau3 Ha

Lee, BkarouBaw, 38 npoyuBaHua Bvupxy 10648 MTK,
ycmanoBaBa xucmoaozauuHo gokazaH TX npu 23,2%
om nanuAapHume kapuuHomu (13). Tupeougumbm
Ha Xawumomo e no-4ecmo cpewaH Npu nanuAapHu-
me KapuuHomu 6 cpaBHeHue ¢ gpyaume xucmomu-
noBe kapuuHomu, kakmo u 8 cpaBHeHue c beHuzHe-
Hume Ae3uu (OR=2,4 u 2,8; P<0,001). NManuaapHume
KapuuHOMU CbC cbnbmemBaw, mupeougum ca 3Ha-
yumo cBbp3aHu ¢ xeHckua noa (OR=2,7; P<0,001) u
MyamugokaaHo  paznpocmparHeHue  (OR=1,5;
P=0,010). Om gpyea cmpaHa, Haauduemo Ha TX npu
MTK ce acoyuupa ¢ no-gbAb2 nepuog 6e3 peuugub
(HR=0,6; P=0,001) (13). OcHoBHomo npegumcmBo
Ha pempocnekmuBHume npoyuBaHua ¢ apxuBHu mu-
peougekmomuu e, Ye guazHo3ama Kakmo Ha Kapuu-
Homa, maka u Ha TX ce ocHoBaBa Ha cmpoau xucmo-
Ao2udHU Kpumepuu. CbwecmBeH mexeH Hegocma-
MbK €, e He oueHaBam pucka om pazBumue Ha NTK
Npu nayueHmMume C mupeougum, 3awomo TX kamo
noBeyemo gobpokauecmBeru wumoBugHu Goaec-
mu e pagka uHgukauua 3a onepamuBHo AedeHue.
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KakBa e yecmomama Ha nayueHmMume
€ MAAUHUMEM cpeg me3u ¢ mupeougum
Ha Xawumomo?

B nocaegHume gecemuaemusa no-20Aama Hacm
om npoyuBaHuama Ha Bpb3zkama mexxgy TX u ATK ce
6a3zupa Ha UUMOAO2UYHUME gaHHU OM NOGAOXKEHU-
me Ha TAb nauueHmu u ce cuuma ce, 4e me No-mou-
HO ompazaBam munuyHama nonyaauua ¢ TX (15, 18,
19). B ckopoweH 0630p Ha Jankovic u cbaBm. ce ak-
ueHmupa, ye yecmomama Ha [1TK npu nauueHmume
¢ TX e 3HaYumMeAHo no-Hucka 8 uumoaoz2uyHume npe-
napamu B cpaBHeHue ¢ XucmoAo2u4HUME OM MUpPEO-
ugekmomuu (20). CpegHama vecmoma Ha [NTK npu
nauueHmume c TX e 1,2% (Bapupa om 0,0 go 2,95) 6
8 cmyguu ¢ TAB Ha 18,023 nayueHma, u cbomBem-
HO 27,6% (Bapupa om 9,5 go 36,6) 8 8 xucmonaoauu-
HU cmyguu ¢ 9884 apxuBHu mupeougekmomuu (20).
PenamuBHuam puck 3a omkpuBare Ha MTK npu TX
Bapupa om 0,39 go 1,0 npu yumoao2udHuMe pe3ya-
mamu (cpegHo RR 0,69) 8 koHmpacm ¢ mo3u om
1,15 go 4,16 npu xucmoao2u4yHume cmyguu (cpegHo
RR 1,59). ABmopume 3akAatouaBam, ye HaAUYHUME go-
ce2a gaHHU ca npomuBopeuuBu no omHoweHue Ha
npuduHHo-caegcmBeHa Bpb3ka mexkgy TX u ITK (20).
INonyaauuoHHume npoyuBaHua, uznoa3zBawu yumo-
Aoeuu om TAB, He noka3zBam noBuweH maauz2HeH
pUCK NpU hauueHMuMe C Mupeougum, gokamo Xuc-
MOAO2UYHUME Cepuu Kame2opuyHo codam 3aBuweH
puck om pa3zBumue Ha MTK. Had-BepoamHo, u npu
gBama Buga npoyuBaHua uma 2pewika om ceaekuus-
ma u 3amoBa gebamume 3a Bpb3zkama mexgy TX u
ATK npogbaxkaBam. HezaBucumo om pa3HONOCOUHU-
me pe3yamamu, ce npenopbiBa BHUMameAaHO HabAto-
geHue u npocaegaBaHe Ha nauueHmu c TX, ocobeHo
npu Hogo3Hume my Bapuarmu (20).

KAuHU4YHU ocobeHocmu u npo2Ho3a npu
cbyemaHue Ha MNTK ¢ TX

MHo3uHa aBmopu cuumam, ye HaAuduemo Ha
XPOHUYEH AUMPOUUMAapeH Mupeougum Npu NayueH-
mu ¢ INTK e cBbp3aHo € pazAutdHU KAUHUKO-NAMOAO-
2UYHU XapakmepucmuKku u mo>ke ga noBause npozHo-
3ama Ha 3AokavecmBeHomo 3aboaaBaxe (13, 21-24).
OcHoBHume pazauku B kAuHU4YHama npezeHmauus
Ha [1TK Ha ¢poHa uAu npu Auncama Ha mupeougum ca
npegcmabBenu B Tabauua 2 u ce omHacam go 6b3-
pacm u NOA Ha nauueHmume, pazmep Ha nNbpBuuHua
MyMOp, HaAUYUemo Ha KancyaHa uHBazus, ekcmpa-
mupeougHa uHBazua u memacmaszupaHe 6 AuMdgHuU-
me Bb3Au (21).

Cpeg nauueHmume ¢ MNTK u conbmemBaw, TX
npeBecbm Ha >KeHCKUA NOA € NO-CUAHO u3pa3eH B
cpaBHerue c TMTK 6e3 TX (96,7% cnpamo 83,1%,
P<0,0001) (21). Kem Bpememo Ha onepamuBHomo

AedeHue nauueHmume c NTK u TX ca no-maagu om
me3u camo c¢ MTK (44,5 cnpamo 45,9 2., P=0,047).
CpegHuam pa3zmep Ha mymopa CbWo e NO-MaABK Npu
KapuuHomume Ha ¢poHa Ha mupeougum (17,9 cnpa-
mo 21,2 mm, P=0,01) (23). Cnopeg HAKOAKO npoyuBa-
Hua go 69% om IMTK cbc cobnbmemBaw, TX ca muk-
pokapuuHomu (<1cm), a go 77% ca nog 2 cm B guame-
mbp (24, 25). Bbnpeku no-maakume cu pazmepu, Kap-
yuHOMUME Ha PoHa Ha mupeougum nokazBam meH-
geHuua KbM MUYAMUQOKaAAHO paznpocmpaHeHue B
wumoBugHama >ae3a (10, 24, 26, 27). Om gpyea
cmpaHa, egHoBpemeHHomMo Haauvue Ha TX npu [TK
ce cBbp3Ba € No-HUCBK puck om ekcmpamupeougHa
uHBazua (OR=1,295; 95% Cl 1,098-1,527; P=0,002) u
No-pagKo AUMGPHO Mmemacma3zupaHe (OR=1,287; 95%
Cl 1,010-1,639; P=0,041), koemo 6u mo2Aa0 ga npe-
gonpegeAaa no-maAko azpecuBHua xog Ha 3aboaaBa-
Hemo u no-gobpama npozHo3a 6 me3u cayyau (13).
Haauuyuemo Ha TX npu INTK 3Hauumo ce acouuu-
pa C no-npogbAKUMEAEH nepuog 6e3 peuuguB u no-
Hucka Yecmoma Ha peuuguBu npu 5-20guwHO NpocAe-
gaBaHe (1,5% cnpamo 5% npu nauueHmu 6e3 TX,
P=0,042) (21). Cnopeg Dvorkin u ceaBm. npu nauueH-
mume ¢ [NTK u TX e no-maako BepoamHo ga ce HaAoXKu
goONbAHUMEAHO AeveHue ¢ paguolog (23) 6 xoga Ha
npocaegaBanemo. B npomuBonoao>kHocm, gpyau npo-
yuBaHua He nokazBam cbwecmBeH Oaazonpuamer
epekm Ha TX Bbpxy eBoaroyuama Ha ATK (10, 25, 28).

KakBo e namod¢usuorozu4yHomo obgacHeHue
Ha Bpb3kama Ha MTK ¢ TX?

[Namodu3zuorozuyHama Bpb3zka mexgy AumMgo-
uumapHuUa mupeougum u gugpepeHuupaHua mupeo-
ugeH KapuuHom, 8 yvacmuocm [1TK, e Bce owe HeAac-
Ha, Kamo ce npegaazam mpu xunomesu: (1) TX npeg-
pa3znoaaza u yckopaBa pazBumuemo Ha IMTK; (2) TX
e yacm om umyHHua omzoBop cpewy Bb3HUKHAAUS
mymop - moxke ga obacHu no-gobpama npoz2Ho3a u
no-maAakume pazmepu Ha mymopume; (3) CayualHo
cvBnageHue Ha gBeme 3aboaaBaHus.

XpoHu4yHUmMe uHgpekyuu u Bv3nareHUeMo cmoam
B ocHoBama Ha okoao 25% om kapuuHomume 6 cBe-
moBeH mawab. Aokamo 3a Hakou 3a0kayecmBeHu 3a-
6oaaBaHun, Hanp. Ha 2acmpo-uHmMecmuHaAHUA
mpakm, e ycmaHoBeHa gupekmHa Bpb3ka ¢ XxpoHuy-
Homo Bb3nareHue, mo Bbnpocbm 3a uHgAamamop-
Ha UHgYKUUA Ha NanuAapHua KapuuHom Ha wumoBug-
Hama >Ae3a e cnopeH. Ha moaekyaapHo HuBo Bpb3-
Kama me>kgy XpoHudHomo Bb3naseHue u KapyuHoze-
Hezama ce kpue 6 RET-RAS-BRAF-MAPK kackagHus
nbm, yuamo akmuBauua UHgyuupa Kakmo NpouHdg-
AaMamopHa, maka u NpomymopHa npozpama 6 mupe-
ouuma (30). Muaypa 1 uatocmpupa nbpBama meo-
pua, ye xpoHuuHomo Bb3nareHue npegcmaBaaBa
npekaHuepo3a.
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Tabauya 2. KauHuunu ocoberocmu u npoeHo3a npu MTK 6 cbuemanue ¢ TX (MTX+ TX+) u npu MTK 6e3 mupeougum (MTK+ TX-).
(aganmupaHo no Jeong et al. (21)

Table 2. Clinical manifestation and prognostic outcome of papillary thyroid carcinoma (PTC) coexistent with TH (PTC+ TH+),
compared to PTC without HT (PTC+ TH-). (adapted from Jeong et al. (21)

KAUHUYHU U Npo2HOCMUYHU GeAre3u MNTK+ TX+ MNTK+ TX- P
Clinical and prognostic signs PTC+ TH+ PTC+ TH-
Moa - xxeHu / Sex - females 96,7% 83,1% < 0,0001
Bb3pacm (20g.) / Age (years) 44,5 45,9 0,047
CpegeH pa3zmep Ha mymopa (mm) 17,9 21,2 0,01
Mean tumour size (mm)
Tymopu/Tumours < 1 cm 69% 56% 0,01
Tymopu/Tumours < 2 cm 77% 60% 0,01
Myamudpokaanocm/Multifocality 61,5% 35,5% 0,01
ExcmpamupeougHa unBaszusa/Extrathyroid invasion 49,9% 57,4% 0,016
Memacmaszu 68 AB/Lymph node metastases 23% 34% <0,02
PeuuguB go 5 20qg./Recurrence up to 5 years 1,5% 5% 0,042

OcHOBHU MOAeKYAApHU NbMUWA, aH2axkupaHu 6 uHAamamopHO-UHgYUUpaHUA mupeougeH KapuuHom. [oka3aHo e Kak uumo-
KUHU, XEMOKUHU, pacme>KHU (hakmopu U gp., KAKMO U HAKOU MYyMmageHHU a2zeHmu Kamo nepokcuHumpum, mozam ga goBegam
go yBpega Ha AHK Ha mupeouuuma u ga npudyuHam mymauua (aganmuparo no Bozek et al. (29)

Main molecular pathways involved in chronic inflammation-induced thyroid carcinoma. It is illustrated how various cytokines,
chemokines, growth factors, as well as some mutagenic agents as peroxynitrite may cause double-strand breaks in the DNA and muta-

tions (adapted from Bozek et al. (29)
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Mecmama Ha xpoHuuHo Bb3nareHue ce xapakme-
pusupam c 6oe2am uHpuAmpam om AuMcpouUMU,
nAa3mouumu, HeympoguUAU U Makpogazau, ¢ NPOgyK-
yuama Ha 20Aemu KoAudecmBa yUuMOKUHU, XEMOKUHU,
pacme>kHu hakmopu, KaKmo U C 0OmgeAaHemo Ha pe-
akmuBHU KUCAOPOQHU U a30mHuU cbeguHeHua (29, 31).
MNocaegHume B ycroBuama Ha npogbaxkaBaw, Bb3na-
AumeAeH npouec mozam ga goBegam go obpazyBare-
MO Ha CUAHO MUMAZEeHHU a2eHmu Kamo NepoKCUHUM-
pum, koimo npuvuHaBa moukoBu mymauuu, pazkbe-
BaHua Ha gBouHoBepuxxHama AHK u mpaxcaokauuu 6
npoAudgpepupawume kKaemku (29). To3u peHomeH ce
cBvp3Ba ¢ noBuweH puck om akmuBauua Ha OHKO2e-
HU U 3aeyba Ha hyHKUUAMA Ha MYMOP-CYNPECOpPHU 2e-
HU, Koemo Mmoxe ga goBege go HeonaacmMuyHa mpaHc-
popmayuna Ha kaemkama (29, 32). Taka, nbpBama xu-
nomesa npegnoAaza npuduHHo-cAegcmBera Bpb3ka,
npu kosmo akmuBupatomo npu TX Bb3naseHue Cb3-
gaBa 6razonpuamHa cpega 3a MaAu2HeHa mpaHcop-
Mauua Ha MUPeoUgHUA enumea.

B nvaHa npomuBonoaoxkHocm, cnopeg Bmopama
meopua, AumdouumHama uHguampauua npu TX mo-
e ga npegcmabasBa umyHorozuueH omzoBop cbe
3abaBaw, ecpekm Bbpxy maauzHeHUA Npouec, gonpu-
Hacaw, 3a ho-gobpama npozHo3a Ha INTK Ha ¢poHa Ha
mupeougum. Haauuuemo Ha uHmpa- u nepumymop-
Ha AUM@OUUMHA UHUAMPpauua e gokazameacmBo
3a peakyua Ha UMUYHHama cucmema cpewy maAuzHe-
Hama mpaHciopmauus. BaxkHo e pa3zeparuuaBare-
mo Mexgy gudyszHa (ucmurcku TX) u dpokaaHa Aum-
houumHa uHuAmpauua okoao mymopa (24). Heza-
Bucumo om moBa pazepaHuuaBaHe, Kebebew u
CbMmp. Hamupam NOAOXKUMEAHA KOpeAauua MexXgy
nepumymopHama AumgouumHa uHpuampauua u gu-
py3zHUmMe npomeHu om mupeoguma (10). ToBa 6u
Mo2A0 ga obacHu ,npomekmuBHua’ epekm Ha TX
Bvpxy eBoaouuama Ha MTK.

MocaegHu npoyuBaHua nokazBam, ue no-Bucokume
cepymHu HuBa Ha mupeocmumyAupawus XOPMOH
(TCX) ce cBbp3Bam c no-Bucoka uecmoma Ha maAu2He-
Hocm y nayueHmu c Bb3aecma 2ywa (33, 34). HuBomo
Ha TCX, obaue, ce noBauaBa om mHo20 ycaroBus, Bkato-
YyumeAHO HaAudyuemo Ha aBmoumyHeH mupeougum,
yuamo ecmecmBena eBoatouus Bogu go omnagaHe
PyHKUUAMA Ha >Ae3zama. Bb3moxkHama npuduHHO-
caegemBena Bpb3ka mexxgy TX u ATK 6u mozaa ga ce
mbpcu ¢ no-Bucokume HuBa Ha TCX npu cybKAUHUYEH
u aBeH xunomupeougu3bm Npu nauueHmume ¢ TX, Ko-
umo cCMuMyAupam KaembyHama npoaudpepauun (34).

MonekyasapHu uscregBaHug

B mbpceHe Ha Bpb3kama mexxgy MTK u TX mHoz20
uzcaegoBameacku ekunu ca npoyuBaru Guomoneky-
AApHUA npopuA Ha gBeme cbcmoaHua. FeHemuuHa-
ma ocHoBa Ha Bb3HukBaHe u npoepecus Ha INTK ce

kpue 6 akmuBauusma Ha RAS-BRAF-MAPK kackagHua
nbm (35). MAPK kackagama npegcmaBanaBa eBoaio-
UUOHHO CbxpaHeH BbmpekrembueH cuzHareH nbm,
yuyacmBauw, 8 peayaauuama Ha KAembyHamMa NPOAU-
epauun, gugepeHuuauua, anonmo3a U KAeMbUHO
oueanBaHe, omzoBopeH 3a mHoXkecmBo 3A0Kavecm-
BeHu 3aboanBaHug, BkAlOUUMEAHO MmupeougHUA pak
(29). B HOpMma, pa3zAuvHU pacmeykHu gpakmopu Mo-
2am (puU3UOAO2UYHO ga CMUMYAUpPam mupO3UH-KU-
Ha3zHuUa membpaHeH peuenmop RET, koimo akmuBu-
pa membpaHHo-cBbp3arHua G-npomeuH RAS. RAS om
cBoa cmpana B3aumogeticmBa u akmuBupa npome-
uH-kuHa3a RAF, koamo uma mpu uzoopmu: A-RAF, B-
RAF (BRAF) and C-RAF. B mupeougHume hoAukyaap-
HU kKAemku BRAF ce aBaBa Hal-cuaHuam akmuBamop
Ha MAPK kackagHua nbm (35). AkmuBupanuam BRAF
gocopuaupa u no mMo3u HaduH akmuBupa MEK,
kolmo Ha cBol peg akmuBupa EPK. 3ageicmBaHama
Kackaga mogudpuyupa ekcnpecusma Ha pa3AuyHuU 2e-
HU, peayAupawu KAl4oBu KAembUYHU (hyHKUUU Kamo
npoAudpepauus, gugepeHuuauua u anonmo3sa (35).
[NMamoao2uuHa akmuBayuna Ha ueAua KackageH Nbm U
cbomBemHo maauzHeEHa MpaHcgopmauua Ha MuUpPeo-
yuma moxe ga ce ocbwecmBu no gBa cueHapua: 1)
ype3 2eHHa MpaHCcAOKauua - N0-4ecmo Npu paguauu-
OHHO uHgyuupaHua MTK u 2) upe3 moukoBu myma-
uuu (6 BRAF u RAS 2eHume) - no-uecmo npu cnopa-
guuHun INTK (36).

leHHume mpaHcaokauuu RET/PTC npegcmaBaa-
Bam xpomo3zomHo npeycmpoucmBo, npu koemo
cAeg pa3kbeBaHe Ha gBolHoBepuskHama AHK Hac-
mbnBa cauBaHe mexkgy 3' yuacmobka Ha RET 2eHa u 5'
yyacmwbka Ha pa3AudHU gpyau 2eHu. Tazu cmpykmyp-
Ha Xpomo3omHa mymauusa Bogu go npogykuuama Ha
abepaHmeH RET/PTC npomeuH u nocmoaHHA akmu-
Bauua Ha MAPK kackagHua nem. VigeHmudpuuuparu
ca noBeuve om gecem pazAudHU MpaHCAOKaUUU, Kaca-
ewu RET 2eHa, kamo Hal-paznpocmpaHeHu ca RET/
PTC1 and RET/PTC3. Te ce cpewam 6 20-40% om na-
nuAapHume KapuuHomu, ¢ no-Bucoka yecmoma npu
geuama u nogpacmBawume, Kakmo u npu nauvueH-
mu, U3AOXKeHU Ha paguauua (37).

Hakoako aBmopcku koaekmuBa ycmanoBaBam
RET/PTC mpaHcaokauuu 6 He-HeonAacmuyHu mupeo-
UgHU Ae3UU, KamOo XPOHUYHUA AUMPOUUMAapeH mupeo-
ugum (38-40). Muzza u cvaBm. uzcaegBam u cpaBHa-
Bam KAUHUKO-NamoAO2UYHUME U MOAEKYAAPHUME Xa-
pakmepucmuku npu 128 nauuenma c NTK u conbm-
cmBauw, TX, kakmo u npu 215 nauuenma c MNTK 6e3 mu-
peougum (39). ABeme 2pynu He noka3zBam 3Hauyumu
pazaudus B KAUHUYHUME U NPOZHOCMUYHUME NOKa3a-
meau, HO ce pazaudaBam 8 cBoama 2eHemuuHa OCHO-
Ba, kamo RET/PTCT1 mpaHcAoKkauuama e no-paznpoc-
mpaHeHa npu NTK 8 acouuayusa ¢ mupeougum, a BRAF
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(V600E) moukoBama mymauus - npu MNTK 6e3 mupeo-
ugum. MlHmepecHa Haxogka e, Yye mpaHcAoKauuama
RET/PTC1 npucbcmBa u 8 41% om He-HeonAacmuu-
HUmMe mupeouumu B8 KOHMparamepasHUA Ha MYMmo-
pa wumoBugeH gaa. CuaHama Bpb3ka mexgy
RET/PTC1 u aBmoumyHHua mupeougum nogcka3Ba
Kpumu4Hama poAa Ha mo3u oHkonpomeuH 6 mogy-
Aauuama Ha umyHHua omeoBop (39).

Rhoden u cemp. u3zcaegBam mamepuaau om
MTK u TX upe3 gBa Buga mexHuka - uHmepdazHa
AyopecueHmHa in situ xubpugusauua (FISH) u upe3
noAumepazHa BepuxkHa peakuua 8 peaaHo Bpeme (RT-
PCR) (40). 1 gBeme memoguku ycmaHoBaBam
RET/PTC mpaHcaokauua kakmo 8 INTK, maka u 8 He-
HeonAacmuyHUMe (POAUKYAAPHU KAaemku npu TX.
Cnopeg aBmopume moBa npegnoaaza Haauduemo
Ha npunokpuBawu ce MOoAeKyAapHu mexaHuzmu 6
paHHUMe cmaguu Ha mymopHo pazBumue u Ha 6b3-
nareHue B wumoBugHama >xae3a (40). Cnopeg gpy-
2u, obaue, cBpobxuyBcmBumerHume memoguku Ka-
mo RT-PCR mo2am ga 2eHepupam mHo20 ¢paawuBo-
noAoXKumeaHu pe3yamamu u caegBa ga ce uHmep-
npemupam ¢ BHumaHue kamo ce npenopbuBa cut-off
om noHe 5-10% om no3umuBHU Ha mymauuama
kaemku (37).

Had-yecmama om BRAF mymauuume e mouYKo-
Ba mymauua 6 kogoH 600, Bogewa go 3amaHa Ha Ba-
AUH C 2AaymamuH B cbomBemHua npomeuH. Ta3u
BRAF(V600E) mymauua ce cpewga 8 okoro 45% om
nauueHmume c NTK. Bbnpeku ye poaama 0 kamo
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guu Ha mymopHo pa3zBumue u Bb3nareHue, HO ca He-
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Pe3iome

Llea: Hacmoauwomo u3caegBaHe uma 3a uea ga oueHu Bpb3kama mexgy HuBama Ha cepymuua BacnuH u
napamempume, xapakmepusupawu aBmoHoMHUA MOHYC, NPU AUUA C HOPMaAEH 2A0KO3eH moaepaHc (HmIT) ¢
u 6e3 gaHHu 3a memaboaumeH cuHgpom (MC).

Mamepuaau u memogu: 74 eyaaukemudHu auua (30 mbxke u 44 xeHu), Ha cpegHa Bb3pacm 44,4£13,7 2.
u cpegeH MTM 29,0+6,5k2/m?, pazgeaeHu B 2 epynu cnopeg Haauvuemo Ha MC, ca BkaoueHu 8 Hacmoawomo
cpe3zoBo uzcaegBane. MAloko3HUAM MoAepaHc e oueHeH nocpegcmBom OITT, cnopeg kpumepuume Ha C30
om 2006 2. I3mepeHu ca aHmponomMempuyHU Napamempu, ApPMepUaAAHO HaAA2aHe, CEPYMHU AUNUGQU U CEPYMEH
Bacnun. MC e gedguHupaH cnopeg kpumepuume Ha MexgyHapogHama Auabemua Degepauua om 2005 e.

CopgeuHo-cbgoBama aBmoHomHa pyHKUUA e oueHeHa upe3 memogukama ANX-3.0.

Pezyamamu: He ce ycmanoBaBa pazauka 6 HuBama Ha cepymHua BacnuH mexkgy 2pynume cnopeg HaAu-
yuemo Ha MC. BacnuH kopeaupa HezamuBHo cbc cumnamukoBama u napacumnamukoBama akmuBHocm 6 ua-
Aama Koxopma u camo ¢ napacumnamukoBua moHyc npu aunca Ha MC.

3akarovenue: Haruuuemo Ha MC He noBauaBa cepymrume HuBa Ha BacnuH npu Hopmo2aukemusa. Bacnun
Kopeaupa HezamuBHO ¢ nokazameAume Ha aBmoHomHua moHyc npu HMIT.

KatoyoBu gymu: Bacnum, HopmaneH 2Al0k03eH moaepaHc, CbpgeuHo-cbgoBa aBmorHomHa pyHKuua

BbBegeHue

BacnuH e cepuH npomeaseH uHxubumop, cuHme-
3upaH om BucuepasHama MmacmHa mMbKaH, Npumes<a-
Baw, uHcyauH ouyBcmBumeaHu edpekmu, omkpum
68606 BucuepasHama macmHa mbkaH Ha Otsuka Long-
Evans Tokushima Fatty nabxoBe, sxuBomuHcku mogea,
Xapakmepusupauw, ce ¢ ueHmpaAHo 3amabcmaBate u
3axapeH guabem mun 2 (3A mun 2) (1). Tel kamo ge-
KOMneHcupaHuam 3axapeH guabem u pegykuuama
Ha meaao noHuwxaBam ekcnpecuama Ha BacnuH, go-
Kamo npuAo>KeHuemo Ha uHcyauHoBu ouyBecmBume-

AU HOpMaAu3upa HezoBama ekcnpecua u cepymHa
KOHUEHMpayuua, Kakmo U NPUAOXKEHUEMO Ha PEKOM-
6uHatmeH BacnuH npu >kuBomuHcku mogea guema-
UHQYUUPAHU MUWKU CbC 3amabcmabBaHe cuzHudu-
KaHMHO NogobpaBa mexHuA 2AI0KO3EeH MOAEpPaHC U
uHcyauHoBa yyBcmBumeanocm, ce npuema, ve Bac-
NUH CAYXU Kamo uHcyauHoB ouyBcmBumena u npu-
mexaBa npomuBoBb3znarumeaHo geticmBue, akmu-
Bupaw, ce 8 omezoBop Ha HamaareHa uHcyauHoBa uyB-
cmBumeaHocm (1, 2).

Mema-aHaaus, o6xBawaw, 6 npoyuBaHusn, Bkalou-
Bawu 1826 Auua cbe 3amabecmabare u 11 npoyuBa-
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PymaHa b. AumoBa u compygHuyu

Hus, BxatouBawu 1570 Auua cbe 3A mun 2, npegcma-
Ba gokazameacmBa 3a no-Bucoku HuBa Ha BacnuH
Npu HaAuyue Ha 3amabecmaBaHe u noguepmaba Hezo-
Bama kaouoBa poaa 8 npozpecuama Ha memaboAum-
HUMe omkAoHeHuA (3).

Pezyamamume om 2oaam 6pol npoyuBaHua npu
Pa3AUYHU eMHUYEeCKU 2pynu NPegnoAazam mMHo20ak-
mopHa obycroBeHocm Ha cbpgevHo-cbgoBama ab-
moHomHa gucpyrkyua (CAA) (4, 5), BkaouumeaHo
ueHmpaaHo 3amabcmaBane (6), mbl kamo Bucuepan-
Hama macmHa MbKaH Ce Npuema 3a eHgoOKPUHEH Op-
2aH, CUHMEe3uUpaw, U cekpemupau, peguua agunoKuHuU.

Tol kKamo poaama Ha BacnuH 3a pazBumuemo Ha
memaboaumeH cuHgpom (MC) He e HanbAHO u3ACHe-
Ha u BauaHuemo Ha BacnuH Bbpxy aBmoHomHama
dyHkuua Bce owe e crabo npoyueHo, ueama Ha Hac-
moawomo npoyuBaHe e ga uzcaegBa cepymHume Hu-
Ba Ha BacnuH Npu AUUA C HOPMAAEH 2AOKO3EH MOAe-
paHc (HMIT) ¢ u 6e3 gatHu 3a MC, u ga oueHu Bpb3-
kama Ha HuBama Ha cepymHua BacnuH u CbpgeuHo-
cbgoBama aBmoHomHa gyHkuua 8 masu koxopma.

Mamepuaau u mMemogu

O6bwpo 74 auua ¢ HMIT - 30 mbxe u 44 xeHu,
cpegHa Bb3pacm 44,4+13,7 2., cpegeH ITM 29,0+6,5
K2/m? ca BkatoueHu B Hacmoawomo cpe3oBo uzcaeg-
Bane. Te ca pazgeaeHu Ha 2 2pynu cnopeg HaAuvue-
mo Ha MC. OcHoBHume xapakmepucmuku Ha 2pynu-
me ca npegcmaBeHu 8 Tabauua 1.

Yyacmuuuume ca HabpaHu 68 KauHuka no Auabe-
moaozun, KauHuuveH LleHmbp no EHgokpuHOAo2us,
MeguuuHcku YHuBepcumem, Codpua 8 pamkume Ha
cKkpuHuHzo8a npozpama 3a 3axapeH guabem.

Bcuuku yuacmuuuu 6 uzcaegBanemo ca nognuca-
AU UH(POPMUPAHO Cb2Aacue U ca 3ano3Hamu C UeAu-
me, memogume u puckoBeme npu 83emaHe Ha yyac-
mue B8 u3zcaegBaHemo cbaaacHO Aekaapauuama om
XeA3uHKu u cbobpazHo npaBurama 3a Aobpa Kau-
HuuHa [Npakmuka, kamo npoyuBaHemo e ogobpeHo
om Emuunama komucua Ha MeguuuHcku YHuBepcu-
mem, Codpus.

VI3mepeHu ca aHmponomempuyHU NokKa3ameau -
pbCm, mea2A0 U OBUKOAKA Ha MaAuf, U € U3YucAeH
MTM. TAloko3HUAM MoOAepaHC e oueHeH hocpegcm-
Bom cmaHgapmeH oOpaAeH 2AKIKO030-MOAepaHCeH
mecm u e onpegeAeH cnopeg Kpumepuume Ha C30
om 2006 2. IMpu Bcuuku yyacmHuyu Ha 2AagHO ca u3-
caegBaHu: aunugeH npodgua (06w, xorecmepoa, HDL
XOAECMEPOA U MPUAUUEPUJU NO EH3UMEH KOAOpU-
mempudeH memog (Roche Diagnostics) u cepymeH
Bacnun no ELISA memog (BioVendor). ApmepuaaHo-
MO HaAf2aHe e U3MepeHo Npu cmaHgapmHu ycaoBua.
MemaboaumHuam cuHgpom e geduHupaH cnopeg
Kpumepuume Ha MexgyHapogHama AuabemHa QDe-

gepauus om 2005 a.

(DyHkuyuama Ha aBmoHomHama HepBHa cucmema
e oueHeHa nocpegcmBom ANS-3.0 moHumopuHa006a-
ma cucmema (ANSAR Medical Technologies, Inc.,
Philadelphia, PA) upe3 npuaazaHe Ha cmaHgapmHume
KAuHU4HU mecmoBe: 1. Tecm ¢ gbAboko guwane; 2.
BaacanBa npob6a; 3. M3npaBate om cegHaaa no3uuus.
V3caegBanemo e uzBbpweHo noHe 24 4. caeg noc-
AEgHUA NpueM Ha MegukameHmu, UMawu omHowe-
Hue Kbm aBmoHOMHama yYHKUUA - aHmMuUXUNepmMeH-
3uBHU, MpuyuKAUYHU aHmMugenpecadimu u SSRIs, 6e3
npuem Ha Kage u mmMiOHonyweHe 12 4. npegu u3-
caegBavemo, nore 30 MUH. CAeg NOCAEgHUA Npuem
Ha xpaHa, cympuH 6 yacoBeme mexgy 8 4. u 11 u.

Cmamucmuyecku aHaAu3

Cmamucmuueckuam aHaAu3 Ha gaHHume e u36op-
weH cbc cmamucmudecku nakem SPSS Bepcua 21.0
(SPSS, Chicago, USA). Pesyamamume ca npegcmaGe-
HU Kamo cpegHu cmoUHOCMuU £ cmaHgapmHO OMKAO-
HeHue uAu mMeguaHa (mexxgykBapmuneH obxBam om
25% go 75%). Tecmbm Ha MaH YumHu e uznoa3Bax
3a cpaBHaBare Ha HezaBucumu npomeHAuBu ¢ HeHop-
MaAHO pa3npegeaeHue. Memogbm Ha paHzo8a kope-
Aauua Ha CnupmbH e npuaoxeHa 3a uzcaegBaHe Ha
Bpb3kama mexkgy omgeAHu nokazameau. 3a cmamuc-
muYyecKu 3Ha4Yuma paszauka e npuemo P<0,05.

Pesyamamu

He ce ycmaHoBu cuzHucpukaHmHa pasauka 6 Hu-
Bama Ha cepymHua BacnuH mexgy 2pynume cnopeg
Haauduemo Ha MC (Queypa 1).

B u3caegBanama koxopma ce HabaogaBa cuzHu-
(pukaHmHa HezamuBHa Kopeaauyua Ha cepymHus Bac-
NUH CcbC cumnamukoBama u napacumnamukoBama
akmuBHocm 6 nokol (r= -0,305, P=0,01, r= -0,304,
P=0,01, cbomBemHo), B8 xoga Ha mecma ¢ gbAbOKO
guwate (r=-0,243, P=0,042, r= -0,417, P<0,001, cb-
omBemno), B8 xoga Ha mecma BaacaaBa (r= -0,243,
P=0,043, r=-0,327, P=0,006, cbomBemHo), u 8 xoga
Ha mecma uznpaBaHe om cegHaAo noaokeHue (r= -
0,312, P=0,009, r= -0,337, P=0,004, cbomBemHo).
Mpu auyama 6 2pynama ¢ HMIMT+MC ce ycmanoBaBa
cuAaHa HezamuBHa Kopeaauua mexgy cepymuua Bac-
NuH u cumnamukoBua moxyc 6 nokol (r= -0,389,
P=0,021), cumnamukoBua u napacumnamukoBua mo-
HYc npu mecma c gbAboko guwaHe (r= -0,405,
P=0,016, r=-0,352, P=0,038, cbomBemHo), u cAaeq u3-
npaBane (r=-0,358, P=0,035, r=-0,335, P=0,049, cbom-
BemHo), gokamo 8 2pynama ¢ HMIT-MC BacnuH kope-
Aupa HezamuBHo camo ¢ napacumnamukoBama cuaa 8
nokot (r=-0,379, P=0,025), npu gbAboko guwate (r= -
0,510, P=0,002), npu BaacanBa (r=-0,415, P=0,013), u
caeg uznpabare (r=-0,384, P=0,023) (Tabauua 2).
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Tabauua 1.

lMokazameau HMIT+MC HMIT+MC
el I 7 7
F'Ha NT&T&%?E”&?; (Cﬁr/\gl_?%d_c Mo (Mb>Ke/eHu) 9/28 21/16
CpegHa Bv3pacm (2oguHu) 42,6%13,5 46,2+13,9
Cpegen UTM (ke/m?) 24,4+3,4 33,615,6
CepymHa koHueHmpauua Ha Bacnut (He/mA) | 0,10 (0,03-0,24) | 0,09 (0,03-0,24)
AaHHume ca cpegHa cmoUHOCM + cmaHgapmHoO OMKAOHEHUE U MeguaHa
(mexxgykBapmuaer o6xBam om 25% go 75%).

Cepymuu HuBa Ha BacnuH B8 2pynume cnopeg Haauuuemo Ha memaboaumen cuvgpom (0- 6e3 MC u 1- ¢ MC).

1,000 %*
*
800
2 :
g .|
E 600 o
S 8
(-]
X 400+
:
o T
200 Ji
000 —I-
T T
i} 1
p=0.462
Obcvikgane

VMma gokazameacmBa, ve Bacnun npume>kaBa nomeHyuaa ga nogo6psa-
Ba uHcyauHoBama uyBcmBumeaHocm Ha agunouumume U ga nomucka
pazBumuemo Ha 3amabcmaBaHe upe3 nognomazaHe gudpepeHuuayuama
Ha 3T3-L1 npeagunouumume nocpegcmBom HamaraBaHe HuBama Ha uPHK
Ha uHmepaeBkuH-6 u yBeauuyaBaHe HuBama Ha uPHK Ha 2Al0Kk03eH mpaHc-
nopmep 4 (7). NMpomuBHo Ha 20penocoYeHomo, Hawume gaHHU He NOKa3-
Bam cuzHudpukaHmHa pazauka 8 HuBama Ha cepymHua BacnuH mexxgy 2py-
nume cnopeg Haauduemo Ha MC. MNoayyeHume pe3yamamu He ca 6 nog-
Kpena Ha gaHHume Ha Saboori u comp. 3a noBuweHu cepymHu HuBa Ha
BacnuH npu >xeHu cbc 3amabcmabBare u HMIT (8), Ha Choi u comp. npu
mbxke ¢ MC (9), u Ha Esteghamati u comp. npu gBama noaa ¢ MC (10). Co-
wo maka no-Bucoku HuBa Ha BacnuH ca gokaagBaHu npu CbCmMoOAHUA, Xa-
pakmepu3upawu ce ¢ uHcyauHoBa pe3zucmeHmHoOCm, Kamo CUHgPOM Ha
NOAUKUCMO3HUMeE AlYHUUU U 2eCmauuoHeH 3axapeH guabem (11, 12). Om
gpyeaa cmpaHa, 8 coomBemcmBue ¢ Hawume pe3yamamu HAKOU Om NoOC-
AegHume npoyuBaHua He noka3zBam pa3auka 666 BacnuHoBume HuBa npu

Auua cve 3A mun 2 u MC 6
cpaBrenue ¢ me3u 6e3 MC (13),
uau ycmanoBaBam gopu noHu-
>KeHU KOHueHmpauuu Ha Bac-
nuH npu moxe ¢ MC (14) u Ha-
AUYUE Ha Cu2HUpukaHmMHa 06-
pamHa Bpb3ka Mexgy cepym-
Hua BacnuH u uHcyauHoBume
HuBa, koemo nocmaba nog com-
HeHue UuHCYAuH-ouyBcmBumen-
Hume ecpekmu Ha BacnuH (15).
Auguet u cbmp. He Hamupam
pazauka 8 HuBama Ha BacnuH
mexgy »eHu ¢ HmIT c uau 6e3
3amabcmaBare (16), Bashiri u
cbmp. gokaagBam, 4ye Hama
Bpb3ka mexgy KoHueHmpauus-
ma Ha BacnuH u uHcyauHoBama
yyBcmBumeaHocm npu  mbike
(17) u von Loeffelholz u comp.
nomBbprkgaBam masu koHuen-
yua u npu gBama noaa (18).
Aokoakomo Hu e u3zBecmHo
poAaama Ha BacnuH 3a pazBumu-
emo Ha CAA e npoyuBaHa camo
npu nogpacmBawu cbe 3axapeH
guabem mun 1 u He ca HaAu4HU
gaHHuU npu Bv3pacmuu ¢ HMIT.
MNMpoyuBavemo Ha El Dayem u
cbmp. nokazBa cuzaHugpukaHm-
Ha Bpb3ka mexgy BacnuH u
CmaHgapmHOMmMo OMKAOHeHUe
Ha pa3aukume 8 RR unmepBana,
uznoa3BaHa kamo BpemeBu no-
kazamea 3a Bapuabuaumema Ha
cbpgeyHama dyecmoma npu
CAA, onpegeaeHa nocpegcm-
Bom 24-yacoBo xoamep MOHU-
mopupaxe, npu toHowu (19).
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Tabauua 2.

Kopeaauua mexgy HuBama Ha BacnuH u cumnamukoBama (LFa) u

napacumnamukoBama (RFa) akmuBrocm 6 nokol u 8 xoga Ha Kau-

HuuHume mecmoBe 6 uzcaegBaHama koxopma u 8 epynume ¢
(HMIT+MC) u 6e3 (HMIT-MC) memaboAaumeH CUHgPOM.

Obwo BacnuHn
Corr Coeff (r) P
LFa 6 nokou 0,31 0,010
RFa 8 noko -0,3 0,010
LFa gbAaBoko guwaHe 0,24 0,042
RFa gbAboOKO guwaHe -0,42 <0,001
LFa BaacaaBa -0,24 0,043
RFa BaacaaBa 0,33 0,006
LFa uznpaBate 0,31 0,009
RFa uznpaBane 0,34 0,004
HmIT+MC
LFa 6 nokod 0,39 0,021
RFa 8 nokou 0,31 0,066
LFa gvaboko guwaHe -0,41 0,016
RFa gbAboOKO guwaHe -0,35 0,038
LFa BaacaaBa 0,18 0,311
RFa BaacaaBa 0,24 0,158
LFa uznpaBatxe -0,36 0,035
RFa uznpaBane -0,34 0,049
HmIT-MC
LFa 6 nokou 0,2 0,251
RFa 8 nokol -0,38 0,025
LFa gbAaboko guwaHe -0,05 0,774
RFa gbAboOKO guwaHe 0,51 0,002
LFa BaacanaBa -0,29 0,096
RFa BaacaaBa 0,42 0,013
LFa uznpaBatxe -0,27 0,118
RFa ugnpaBane -0,38 0,023

Hawume gaHHu noka3zBam cuzHupukaHmMHa Heaa-
muBHa kopeaauua mexkgy BacnuH u cumnamukoBama
u napacumnamukoBama akmuBHocm 8 nokol u 8 xo-
ga Ha kauHuuHume mecmoBe B uzcregBaHama ko-
XOpma, Kamo CAeg pa3geAaHemo Ha Auyama cnopeg
Haauduemo Ha MC BacnuH KopeAupa ¢ napacumna-
mukoBua moHyc, HezaBucumo om MC, u cbc cumna-
mukoBama cuaa camo npu Haau4ue Ha MC.

Mpu >kuBomuHcku mogeau acouyuauuama Ha CAA
cbe 3amabecmaBaHemo e cBbp3aHa CbC Cu2HUPUKAHM-
HO NnoHuXXeHa cumnamukoBa akmuBHocm. (6) Mpu u3-
cAaegBaHe Ha xopa HapyweHuam Bapuabuaumem Ha
CbpgeyHama Yecmoma ce gbAXKU Ha HamaAeHa napa-
cumnamukoBa (20) uau cumnamukoBa (21) pyHkuus,
uAu u Ha gBeme (22), kKamo cbwo mMaka e HabAoga-
BaH u napagokcaaHo noBuweH napacumnamukoB
moHyc (23). XunepuHcyauHemuama, eHgomeAaHama
gucgyHkuua u cBpbxnpogykyuama Ha agunokuHU ca
BepoamHu conbmcmBawu mexaHuzmu 3a pazBumue-
mo Ha CAA (24). Npegnoaaza ce, ye BacnuH peayau-
pa pyHkuuasma Ha eHgomeaHama NO-cuHmasa 8 eH-
gomeAHUMe NPO2EHUMOPHU KAEMKU NPU AUUA CbC
3axapeH guabem u no Mo3u HayuH npegomBpamaBa
pazBumuemo Ha cbgoBu ycaoxkHeHua (25) u uHxubu-
pa akmuBHocmma Ha ayuemuaxoAuHecmepazama, 6o-
gewa go auemuAxoAuH-uHgyuupaHa NO-meguupaHa
eHgomea-3aBucuma peaakcauua Ha me3eHmepuaAHa-
ma apmepus (26).

Kaacugukauyuama Ha Vinik 3a cmaguume Ha CAA,
6azupaHa Ha Bucoko-ceHzumuBHua ANX-3.0 memog,
u3znoa3BaH 6 Hacmoawomo u3caegBaHe, gepuHupa
paHHa napacumnamukoBa caabocm (27), HabalogaBa-
Ha gopu Npu AuNca Ha uHcyauHoBa pezucmenmHocm
(28), koemo uzacHaBa HeeamuBHama kKopeaauus Ha
BacnuH ¢ napacumnamukoBua moHyc 8 epynama 6e3
MC u cbe cumnamukoBua moHYc camo Npu HaAuvue
Ha uHcyAauHoBa pe3ucmenHmHocm. LLlupoko paznpoc-
mpaHeHo e cxBawaHemo, ye uHcyauHoBama pe3uc-
MEeHMHOCM e nogAeXKawuam namozeHemuyeH mexa-
Hu3®bM, omzoBopeH 3a pazBumuemo Ha CAA (29). Ha
0a3zama Ha noAyveHume pe3yamamu U gaHHume Ha
Chang u comp. (28) moxke ga ce cnekyaupa, vye Bepo-
amHo uHcyauHoBama pezucmeHmHocm e B pe3ya-
mam Ha HaAuuyHO aBmoHomHO HapyweHue u BacnuH
ynpaxkHaBa npomekmuBHume cu edgekmu MHO20
npegu pa3zBumuemo MC.

3akAloyeHue

Hawume pe3yamamu He nokazBam 3Haqumu Koae-
6aHua 6 HUBomo Ha BacnuH Npu eyaaukeMuUYHU AUUA C
uAu 6e3 gaHHU 3a memaboAumeH cuHgpom. B uzcaeg-
BaHama 2pyna auua ce ycmaHoBu HezamuBHa kopeaa-
uua mexkgy BacnuH u cbpgeuHo-cbgoBama aBmoHom-
Ha oyHKuua, kamo BacnuH KopeAupa ¢ napacumnamu-
koBama akmuBHocm gopu u npu Aunca Ha MC.

Hacmoawjomo uzcaegBane e ¢punancuparo om Me-
guyuHcku YHuBepcumem - Cogpua, 666 6pv3zka ¢
ogobpeH Hay4Ho-uzcaegoBamencku npoexkm Ne 24-A
/2014e2.
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Aim: This study aims to assess the relationship between serum vaspin levels and autonomic tone parameters
in subjects with normal glucose tolerance (NGT) with or without metabolic syndrome (MetS).
Materials and methods: 74 euglycemic subjects (30 males and 44 females), of mean age 44,4+13,7 years

and mean BMI 29,0+6,5 kg/m?, divided into two groups according to the presence of MetS, were enrolled in this
cross-sectional study. Glucose tolerance was studied during OGTT, applying 2006 WHO criteria. Anthropometric
indices, blood pressure, serum lipids, and serum vaspin were measured. The 2005 IDF definition of MetS was used.
Cardiovascular autonomic function was assessed by ANX-3.0.

Results: There was no difference in serum vaspin levels between the two groups according to the presence
of MetS. Vaspin negatively correlated with both sympathetic and parasympathetic activity in the entire cohort and
just with parasympathetic tone in the absence of MetS.

Conclusion: Metabolic syndrome does not influence serum vaspin levels in normoglycemia. Vaspin negative-

ly correlates with autonomic tone indices in NGT.

Key words: vaspin, normal glucose tolerance, cardiovascular autonomic function

Introduction

Vaspin is a visceral adipose tissue (VAT)-derived
serine protease inhibitor with insulin-sensitizing effects,
found in the VAT of Otsuka Long-Evans Tokushima
Fatty rat, an animal model with central obesity and
type 2 diabetes (T2D) (1). As uncontrolled diabetes
and weight reduction have diminished vaspin expres-
sion, whereas the administration of insulin sensitizers
has normalized its expression and serum concentra-
tion, and recombinant vaspin administration in Diet-
induced Obesity mice has significantly improved their
glucose tolerance and insulin sensitivity, it has been

assumed that vaspin serves as an insulin sensitizer with
anti-inflammatory effects which is activated in
response to decreased insulin sensitivity (1, 2).

A meta-analysis, encompassing 6 studies including
1826 obese individuals and 11 studies including 1570
subjects with T2D, has provided evidence of higher
vaspin levels in obesity and emphasized the pivotal
role of vaspin in the progression of metabolic abnor-
malities (3).

The results of a growing number of studies in differ-
ent ethnic groups have suggested cardiovascular auto-
nomic dysfunction (CAD) multifactorial modality
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(4, 5), including central obesity (6), since VAT is con-
sidered an endocrine organ synthesizing and secreting
a multitude of adipokines.

As the role of vaspin in metabolic syndrome (MetS)
is not totally clarified and the impact of vaspin on auto-
nomic function is still poorly studied, the present study
aims to assess serum vaspin levels in normal glucose
tolerance (NGT) subjects with and without MetS, and
to evaluate the association between serum vaspin lev-
els and cardiovascular autonomic function in this
cohort.

Materials and methods

A total of 74 subjects with NGT - 30 males and 44
females, mean age 44,4+13,7 years, mean BMI
29,0+6,5 kg/m?* were included in this cross-sectional
study. They were divided into two groups according to
the presence of MetS. The main characteristics of the
groups are displayed in Table 1.

The participants were recruited at the Department
of Diabetology, Clinical Centre of Endocrinology,
Medical University, Sofia within a screening program
for diabetes mellitus.

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

Anthropometric parameters were measured -
height, weight and waist circumference, and BMI was
calculated. Glucose tolerance was evaluated during a
standard oral glucose tolerance test and defined
according to 2006 WHO criteria. The following were
assessed at fasting in all participants: serum lipid
parameters (total cholesterol, HDL cholesterol and
triglycerides using an enzymatic colorimetric method
(Roche Diagnostics), and serum vaspin using ELISA
method (BioVendor). Arterial blood pressure was
measured in standard conditions. The 2005 IDF defini-
tion of MetS was used.

Automonic nervous system function evaluation was
performed with ANS-3.0 autonomic monitoring sys-
tem (ANSAR Medical Technologies, Inc., Philadelphia,
PA) applying standard clinical tests: 1. Deep breathing
2. Valsalva maneuver, and 3. Standing from a seated
position. The study was performed at least 24 hours
after the last dose of medications affecting autonomic
function - antihypertensives, tricyclic antidepressants
and SSRIs, refraining from coffee and smoking 12
hours prior to the test, at least 30 minutes after the last
meal, between 8 - 11am in the morning.

Statistical analysis

Statistical analysis of the data was performed by
SPSS 21.0 (SPSS, Chicago, USA).

The data is expressed as mean = standard deviation
(SD) and median (percentile 25% to 75%). The Mann
Whitney U test was used to compare independent
non-normally distributed variables. Spearman's rank
correlation method was performed between different
measured parameters. A P-value (two tailed) of less
than 0,05 was considered statistically significant.

Results

No significant difference in serum vaspin levels
between the two groups according to the presence of
MetS was observed (Fig. 1).

Serum vaspin concentrations presented significant
negative correlation with both sympathetic and
parasympathetic activity at rest (r=-0,305, P=0,01, r= -
0,304, P=0,01, respectively), during deep breathing (r=
-0,243, P=0,042, r= -0,417, P<0,001, respectively),
Valsalva (r= -0,243, P=0,043, r= -0,327, P=0,006,
respectively), and standing (r= -0,312, P=0,009, r= -
0,337, P=0,004, respectively) in the entire cohort. The
subjects in the NGT+MetS group showed a strong neg-
ative correlation between serum vaspin and sympa-
thetic tone at rest (r= -0,389, P=0,021), both sympa-
thetic and parasympathetic tone during deep breath-
ing (r=-0,405, P=0,016, r=-0,352, P=0,038, respective-
ly), and standing (r= -0,358, P=0,035, r= -0,335,
P=0,049, respectively), whilst in NGT-MetS group
vaspin negatively correlated with parasympathetic
power at rest (r=-0,379, P=0,025), during deep breath-
ing (r=-0,510, P=0,002), Valsalva (r=-0,415, P=0,013),
and standing (r=-0,384, P=0,023) (Table 2).

Discussion

There is some evidence that vaspin has the poten-
tial to increase adipocyte insulin sensitivity and to sup-
press obesity through promoting the differentiation of
3T3-L1 preadipocytes by decreasing IL.-6 mRNA and
increasing GLUT4 mRNA levels (7). Contrary to the
above, our results have demonstrated no significant
difference in serum vaspin levels between the two
groups according to the presence of MetS. Our find-
ings do not support the data of Saboori et al. for ele-
vated serum vaspin levels in obese NGT women (8), of
Choi et al. in men with MetS (9), and of Esteghamati et
al. in both genders with MetS (10). Higher vas pin lev-
els have also been reported in conditions charac-
terised with insulin resistance, such as PCOS and ges-
tational diabetes mellitus (11, 12).
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Table 1. Variables NGT-MetS NGT+MetS
Main characteristics of the two
groups according to the presence Number (n) 37 37
of metabolic syndrome (with
(NGT+MetS) and without (NGT- Sex (male/female) 9/28 21/16
Mets)). Mean age (years) 42,6%13,5 46,2%13,9
Mean BMI (kg/m?) 24,4134 33,6%5,6
Serum vaspin concentration (ng/ml) 0,10 (0,03-0,24) | 0,09 (0,03-0,24)
Data is means = SD and median (percentile 25% to 75%).
1,000 * Serum vaspin levels in the groups accord-
ing to the presence of metabolic syndrome
% (0- without MetS and 1- with MetS).
- 800
E
.
IE..l.l (s]
E 500 5
& 8
[
;5’ 400 T
g ,200] T
oo —_ ==
T T
0 1

p=0.462

On the other hand, in accordance with our results, some recent studies
have presented no difference in vaspin levels in T2D subjects with MetS as
compared to those without MetS (13), or even lower vaspin concentrations
in men with MetS (14) and a reciprocal relation between serum vaspin and
insulin levels, which impugns its insulin-sensitizing effects (15). Auguet et al.
have found no difference in vaspin levels between NGT women with or with-
out obesity (16), Bashiri et al. have reported no relashionship between
vaspin concentrations and insulin sensitivity in men (17) and von Loeffelholz
et al. have confirmed this conception in both genders (18).

As far as we know the role of vaspin in the development of CAD has been
investigated only in adolescent type 1 diabetes subjects and there are no
data in adults with NGT. A study by El Dayem et al. has shown a significant
relation between vaspin and a standard deviation difference RR as a time
domain HRV parameter of CAD, assessed by twenty-four-hour Holter moni-
toring, in adolescents (19). Our findings displayed significant negative corre-
lations between vaspin and both sympathetic and parasympathetic activity
at rest and during clinical tests in the entire cohort, and after dividing these
subjects according to the presence of MetS vaspin correlated with parasym-

pathetic tone independently of
MetS and with sympathetic
power only in the presence of
MetS.

In animal model studies the
association of CAD with obesity
is related to significantly reduced
sympathetic activity (6). In
human studies an altered HRV is
due to decreased parasympa-
thetic (20) or sympathetic (21)
function, or both, (22), and a pa-
radoxically increased sympathe-
tic tone has also been observed
(23). Hyperinsulinemia, endothe-
lial dysfunction and overproduc-
tion of adipokines are likely
accompanying mechanisms for
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Table 2.

Correlation between serum vaspin levels and sympathetic (LFa) and
parasympathetic (RFa) activity at rest and during clinical tests in the
entire cohort and in the groups with (NGT+MetS) and without
(NGT-MetS) metabolic syndrome.

Total Vaspin
Corr Coeff (r) P
LFa at rest -0,31 0,010
RFa at rest -0,3 0,010
LFa Deep breathing -0,24 0,042
RFa Deep breathing 0,42 <0,001
LFa Valsalva maneuver -0,24 0,043
RFa Valsalva maneuver -0,33 0,006
LFa standing -0,31 0,009
RFa standing 0,34 0,004
NGT+MetS
LFa at rest -0,39 0,021
RFa at rest -0,31 0,066
LFa Deep breathing 0,41 0,016
RFa Deep breathing -0,35 0,038
LFa Valsalva maneuver 0,18 0,311
RFa Valsalva maneuver -0,24 0,158
LFa standing -0,36 0,035
RFa standing 0,34 0,049
NGT-MetS
LFa at rest -0,2 0,251
RFa at rest -0,38 0,025
LFa Deep breathing -0,05 0,774
RFa Deep breathing -0,51 0,002
LFa Valsalva maneuver -0,29 0,096
RFa Valsalva maneuver -0,42 0,013
LFa standing 0,27 0,118
RFa standing -0,38 0,023

the development of CAD (24).

It has been suggested that vaspin regulates eNOS
function in endothelial progenitor cells in subjects with
diabetes and thus prevents the occurrence of vascular
complications (25) and inhibits ACh esterase activity,
leading to intensified ACh-induced NO-mediated
endothelium-dependent relaxation in a mesenteric
artery (26).

Vinik's classification of CAD stages based on the
high-sensitive ANX-3.0 method, applied in the present
study, defines early parasympathetic weakness (27),
observed even in the absence of insulin resistance
(28), which clarifies the negative correlation of vaspin
with parasympathetic tone in NGT-MetS group and
with sympathetic tone only in the presence of insulin
resistence. It is widely supposed that insulin resistance
is the underlying pathogenic mechanism responsible
for the development of CAD (29). Based on our find-
ing and Chang et al. data (28) it might be speculated
that probably insulin resistance is a consequence of
existing autonomic damage and vaspin exerts its pro-
tective effects long before the development of meta-
bolic syndrome abnormalities.

Conclusion

Our results demonstrate no overt fluctuations in
vaspin level in euglycemic subjects with or without
MetS. There is a negative correlation between vaspin
and cardiovascular autonomic function in the studied
group, and vaspin is associated with parasympathetic
activity even in the absence of MetS.
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Pesiome

Llea: Lleama Ha Hacmoawomo u3caegBaHe e ga ce oueHu cbpgedHo-cbgoBama aBmoHomHa yHKuuA
(CAD) u Bpb3zkama U ¢ HaKou memaboAUMHU Napamempu U UHhAaMamopHU MapKepu Npu Auua ¢ npeguabem.

Mamepuaru u memogu: O6wo 148 Auua c npeguabem - 91 xeHu u 57 mbxe, Ha cpegHa Bb3pacm
50.4£13.6 2., cpegeH uHgeKkc Ha meaecHa maca (MITM) 32,4£8,8 ke/m?, pazgeaeHu B 3 2pynu cnopeq 2Al0K03HUA
moaepaHc: 83 ¢ HapyweHa 2aukemua Ha 2aagHo (HIT), 29 ¢ HapyweH 2atoko3eH moaepaHc (HIT) u 36 ¢
HIT+HIT; 8 5 2pynu cnopeg MTM: 15 auuya ¢ HOpMaAHO mez2A0, 43 Auua ¢ HAagHOPMEHO Me2A0, 48 Auua CbC
3amabcmaBade | cm., 25 Auya cbe 3amabemaBane Il cm., u 17 auua cbe 3amabvemaBane [l cm., u 8 2 2pynu cno-
peg Haauyuemo Ha memaboaumen cuHgpom (MC): 118 auua ¢ MC u 30 koHmpoau, ca BkatoueHu B cpe3oBo
npoyuBanre. MAtoko3HUAM MoAepaHc e oueHeH nocpegcmBom OITT, cnopeg kpumepuume Ha C30 om 2006 2.
M3mepeHu ca aHmponomempuyHU hapamempu, apmepuasHo HaaseaHe, cepymHu aunugu u C-peakmuBeH npo-
meuH. TeanecHuam cbcmaB e oueHeH upe3 GuoumnegaHceH aHaau3 (Inbody 720). CAD e oueHeHa upe3 ANX-3.0
memog, u3noa3zBaw, yecmomeH aHaau3 8 xoga Ha cmaHgapmHume KAUHUYHU mecmoBe - gbAboko guwaHe,
npoba Ha BaacaaBa u uznpaBane om cegHaaa nozuuyua. Cmamucmudeckuam aHaau3 e uzBbpweH cbc cmamuc-
muyecku nakem SPSS 20.0.

Pezyamamu: He ce ycmaHoBu 3Hayuma pazauka 8 cumnamukycoBama u napacumnamukycoBama akmu6-
HOCM MeXXgy 2pynume cnopeg 2Al0KO3HUA moaepaHc. HabatogaBa ce meHgeHuua kbm cHuxkaBaHe Ha napacum-
namukycoBama ¢yHkuua B xoga Ha mecma ¢ gbADOKO guwaHe C Npo2pecuama Ha cmeneHMa Ha 3amAbCMA-
Bane (P=0,039). NapacumnamukycoBuam moHyc npu gbAaboko guwaHe e noHuxeH B 2pynume ¢ MC 8 cpaBHe-
Hue ¢ koHmpoaume (P=0,031). AemoHcmpupa ce ymepeHa go cuaHa HezamuBHa Kopeaauua mexkgy cumnamu-
kycoBama u napacumnamukycoBama akmuBHocm u Bb3pacmma, BucuepasHama macmua maca, HbA, . u 2auke-
muama. He ce ycmanoBu cuzHuukaHmHa Bpb3ka mexkgy aBmoromHua monyc u hsCRP.

3axaroyenue: 3amabecmaBaHemo u Haauduemo Ha memaboaumeH cuHgpom Bepoamto ca cBbp3aHu ¢ Ha-
pyweHa napacumnmukycoBa cpyHkuua npu npeguabem. BucuepaaHomo 3amabcmaBaqe, Bb3pacmma, HbA; u
2AUKemuama cuzHugukaHmHo noBauaBam npomeHume B cbpgeuHo-cbgoBama aBmoHomHa hyHKUUA Npu npe-
guabem.

KaroyoBu gymu: copgeuno-cogoBa aBmoromHa dyHkuus, npeguabem, memaboAumeH CUHGPOM, CbPgeUHO-Cb-
goB puck, C-peakmuBeH npomeuH
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BbBegeHue

Pesyamamume om HapacmBaw, 6pod npoyuBarusa
NpuU pazAudHU emHuvecku 2pynu noka3iBam, ue cup-
geyHo-cbgoBama aBmonomHa gucpytkuua (CAA) 3a-
nouBa 6 paHHUMEe emanu Ha HapyweHa 2AI0KO3Ha Xo-
meocmasa (1) u npegnoaazam HedHama myamudak-
mopHa obycaoBerocm u Bpb3kama G He camo ¢ 2au-
Kemuama, HO U C gpyau cbpgeuHo-cbgoBu puckoBu
(hakmopu, Kamo HuckocmeneHHo Bb3naseHue u Kom-
noHeHMU Ha memaboaumeH cuHgpom (MC), koumo
yecmo ca B kombuHauua ¢ npeguabem u HaAudue Ha
uHcyauHoBa pe3ucmenHmHocm (2). HamaaeHuam Ba-
puabuaumem Ha cbpgeuHama vecmoma (BCH) ce
cMama 3a nomeHuuaAeH mexaHu3bm 3a BHe3anHa
CbpgevuHa CMbpm Npu Auua cbe 3amabecmabaqe. Emo
3awo Npe3 NocAegHUMe 20guHu ce HabAatogaBa noBu-
WeH Hay4yeH uHmepec 3a oueHKa Ha CbPgeUvHO-Cbygo-
Bama aBmoHomHa gpyHkuua (CAD) npu Haaudue Ha
3amabcmaBaHe u gpyau memaboAUMHU OMKAOHEHUA.

Acouuauuna Ha CAA cbc 3amabecmaBaHemo e yc-
maroBeHa npu u3caegBanua Ha xuBomuHcku moge-
AU, Kbgemo ce HabalogaBa 3HAYUMO HamaAeHa Cum-
namukycoBa akmuBHocm (3). MNpu u3zcaregBaHua Ha
Xopa pe3yamamume He ca maka Kame20puyHu, Ka-
mo ce HabatogaBa HapyweH Bapuabuaumem Ha cbp-
geyHa yecmoma 3a CMemka Ha NOHUKeHa Napacum-
namukycoBa (4) uau cumnamukycoBa (5) dyHkuus,
uau Ha gBeme egHoBpemeHHo (6), kamo e HabAloga-
BaHa u napagokcaaHo noBuweHa akmuBHocm Ha
cumnamukyca (4).

Bce owe ocmaBa HeaceH Bbnpocbm gaau o6wo-
meaecHomo cbnocmabBerno ¢ abgomuHaAHOMO Ham-
pynBaHe Ha macmHa maca gonpuHaca noBeue 3a Ha-
pyweHuama 6v6 Bapuabuaumema Ha cbpgedHama
yecmoma. Hakou npoyuBaHua nokazBam no-20Aamo
3HayeHue Ha ueHmMpaAHomo 3amabcmaBaHe kamo
npegukmop 3a HapyweH aBmoHomeH KOHMPOA (7,
8), gokamo gpyau nocouBam, ue obwomerecHama
MacmHa mbKkaH e HalU-3HaYuMuAam mapkep, KOpeau-
paw, ¢ BCY (9).

B cowomo Bpeme e ycmaroBera Bpbika Ha CAA
c apmepuaaHama xunepmonus (10-13) u gucaunuge-
muama (9, 14), u npomeHume 6 cvpgeyHo-cbgoBama
aBmoHomHa pyHkuua ca HabatogaBaHu gopu 8 3gpa-
Ba nonyaauua (15). CaegoBameaHo e Heobxoguma
oueHka Ha Bceku memaboAumeH napamembp € 02Aeq
uzacHaBaHe Ha uHguBugyaaHua My NPUHOC 3a Hapy-
weHuama 666 Bapuabuaumema Ha cbpgeyHama vec-
moma. Haauduemo Ha npeguabem no3BoaaBa ga ce
onpegeAu kak guckpemtu omkaoHeHua 8 kpbBHama
3axap noBauaBam me3u Bpb3ku.

Lleama Ha Hacmosawomo npoyuBare e ga ce
OUEeHU CbpgedHo-cbgoBa aBmoHomHa goyHKUUA Npu

pa3AudHUME Kamezopuu Ha npeguabem, npu Hag-
HOPMEHO ME2A0 U pa3AudHa CMeneH Ha 3amAbCma-
BaHe, u Nnpu Haau4yue Ha MmemaboAUMEH CUHGPOM; U
ga ce uzcaegBa Bpbzkama Ha CAD ¢ Hakou memabo-
AUMHU KOMNOHEHMU U UHMPAAMAamOpPHU MapKepu -
UHgeKkc Ha meaecHa maca (MITM), obukoaka Ha maaus,
npoueHm Ha obwomeaecHa macmHa maca, Bucuepan-
Ha mMacmHa maca, apmepuasHO HaAf2aHe, AUNUgeH
npopua, HbA, ., eaukemun u C-peakmuBer npomeuH
npu Auua ¢ npeguabem.

Mamepuan u memogu

O6bwo 148 Auua c npeguabem - 91 >xeHu u 57
MbXKe, Ha cpegHa Bb3pacm 50,4£13,6 2. u cpegeH uH-
gekc Ha meAecHa maca (ITM) 32,448,8 ke/m? ca
BratoueHu B cpe3zoBomo npoyuBane. YuacmHuuyume
ca pa3zgeAreHu 6 3 2pynu cnopeg 2AOKO3HUA MOAe-
paHc: 83 ¢ HapyweHa 2aukemua Ha 2aagHo (HIT), 29
C HapyweH 2atoko3eH moaepaHc (HIT) u 36 ¢
HIT+HIT; 8 5 epynu cnopeg MTM: 15 auya c Hopmaa-
HO mezAo, 43 Auua C HagHOpMeHO mezao, 48 Auua
cbe 3amabemabare | cmeneH, 25 AuUa CbC 3aMABC-
maBaHe Il cmenen u 17 auua cbe 3amabecmaBane il
cmeneH; u B8 2 2pynu cnopeg Haauduemo Ha MC: 118
auua ¢ MC u 30 koHmpoau. OcHoBHume xapakme-
pucmuku Ha omgeAHume 2pynu ca npegcmabBeru 6
Tabauuu 1-3.

YyacmHuuume 8 uzcaegBatemo ca HabpaHu 8 Kau-
Hukama no Auabemoaozusq, KauHuueH LleHmbp no Ex-
gokpuHoaozus, Cogus, B pamkume Ha npoBegeH
CKpUHUHZ 3a 3axapeH guabem. Kamo uskaouBawu
Kpumepuu ca npuemu: HapyweHua 6 2Atoko3HUs mo-
AEPaHC UAU Npuem Ha aHmuguabemHu megukameHmu,
PUMBMHU HapyweHUA UAU Npuem Ha aHmuapummuyHa
mepanus, npexxuBaH cbgoB uHuugeHm. Bcuuku yuac-
mHuuu 6 uzcaregBaHemo ca nognucaau UHCPOPMUPAHO
Cb2Aacue U ca 3ano3Hamu C ueAume, memogume U
puckoBeme npu B3emane Ha yyacmue B uzcaegBaHe-
MO Cb2AacHO Aekaapayuama om XeA3uHKU U Cbobpas-
Ho npaBuaama 3a Aobpa KauHuuHa [Npakmuka, kamo
npoyuBaHemo e ogobpeHo om EmuyHama komucus
Ha MeguuuHcku YHuBepcumem, Codpus.

Bcuuku yuacmuuuu ca uHmepBioupaHu OMHOCHO
HaAuYvue Ha 2AIOKO3HU HapyweHus, Npuem Ha aHmu-
guabemHa mepanua, pUMbMHU HapyweHua U npuem
Ha aHMUApUMMUYHU MegukameHmMuU, Kakmo U HaAu-
yue Ha ucxemudHa 6oaecm Ha cbpuemo u npexuBax
cbgoB uHyugeHm. 3mepeHu ca aHmponomempuyHu
nokazameaAu - pbCm, Me2A0 U 0OUKOAKA Ha maaus, u
e u3uucaeH VITM.

FAIOKO3HUAM MOAepaHC e oueHeH nocpegcmBom
CmaHgapmeH OpaAeH 2AI0KO30-MOAepaHCeH
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PymgaHa b. AumoBa u cempygHuyu

Tabauya 1.

OcHoBHu xapakmepucmuku (6pot, paznpegeaeHue no noa, cpegHa Bb3pacm, uHgekc Ha meaecHa maca (MITM) u nokazameaume 3a
cumnamukoBa (LFa) u napacumnamukoBa (RFa) akmuBrHocm 8 nokol u 8 xoga Ha KAuHU4HUME mecmoBe) Ha yuacmHuuume 6 2pynume
cnopeg 2AIOKO3HUA MOAEPAHC - C HapyweHa 2aukemun Ha 2aagHo (HIT), HapyweH 2atoko3eH moaepaHc (HIT) u HIT+HIT.

Mapamempu HIT HIT HIT+HIT P

Bpod 83 29 36

MoA (MbXKe/>keHu) 39/44 6/23 12/24

Bb3pacm 51,1+£12,7* 43,51£14,2* 54,5+13,6* P=0,004
UTM (k2/m?) 33,2+10,8* 31,0%5,7* 31,8+5,3* P=0,466
LFa 6 nokoi 1,4(0,6-2,6)** 2,1(1,3-4,0)** 1,1(0,6-3,0)** P=0,059
RFa 6 nokoi 0,8(0,3-1,6)** 1,0(0,4-3,0)** 0,8(0,4-1,5)** P=0,529
RFa - gbaboko guwaHe 13,9(4,8-28,1)** 19,2(5,2-47,1)* 13,5(4,0-21,1)** | P=0,329
LFa - BaacarBa 24,1(11,1-45,6)** 26,0(6,1-36,2)** | 19,5(6,1-36,8)** | P=0,391
LFa - uznpaBate 1,6(0,8-4,2)** 2,1(0,7-5,4)** 1,2(0,5-3,00** | P=0,274
RFa - usnpaBane 0,6(0,2-1,2)** 0,5(0,3-1,6)** 0,5(0,3-0,9)** P=0,837

*AaHHUMe ca cpegHu cmolHOCMUECMaHgapmHo OMKAOHeHUe
**AaHHUME ca MeguaHa U pa3Auka mexkgy 20peH u goaeH kBapmua

Tabauya 2.

OcHoBHu xapakmepucmuku (6pou, paznpegeAeHue no noa, cpegHa Bb3pacm, uHgekc Ha meaecHa maca (MITM) u nokazameaume 3a cum-
namukycoBa (LFa) u napacumnamukycoBa (RFa) akmuBrocm 8 nokol u 8 xoga Ha KAuHU4HUME mecmoBe) Ha yuacmHuuume 6 epynume
cnopeg uHgekca Ha meaecHa maca (MTM) - ¢ HopmaaHo meaao (MTM 18-24,9 ke/m?), HagHopmeHo mezao (MTM 18-24,9 ke/m?), 3amabe-

maBaHe | cmenen (MTM 30-34,9 ke/m?), 3amabcmabane Il cmenex

(TM 35-39,9 ke/m?) u 3amascmaBane Il cmenen (MUTM 2 40 ke/m?).

Mapamempu Hopmaano HagHopmeHro 3amavcmabane 3amavcmabane 3amavcmabane P
mezaAa0 mezaAa0 | cmenen Il cmenen Il cmenen

bpod 15 43 48 25 17
MMoA (Mbxe/>keHu) 4/11 16/27 23/25 7/18 7/10
Bb3pacm 53,5¢15,8* 54,1£14,1* 49,2413,4* 46,0£13,0% 48,049,8* P=0,115
UTM  (ke/m?) 23,2£1,7¢ 27,941,3* 32,3+1,5* 36,514 46,7£18,0 P<0,001
LFa 6 nokoli 1,7(0,9-3,3)* 1,3(0,5-1,9)* 1,7(0,7-3,4)* 1,8(0,8-2,8)* 1,9(0,4-3,1)* P=0,286
RFa 6 nokod 1,1(0,6-2,0)* 0,8(0,3-1,4)* 0,8(0,4-1,6)* 1,0(0,4-1,9)* 0,5(0,3-1,1)* P=0,237
RFa - gbaboko 22,0(8,9-45,0)* | 14,3(3,1-24,6)** 13,6(7,4-32,9)** 16,1(8,4-34,6)** 4,8(1,3-17,5)** P=0,039
guwaHe
LFa - BaacaaBa 28,5(23,0-57,2) | 21,3(8,5-39,7)*" 26,1(8,4-44,7)** 27,4(11,8-52,1)* | 14,3(3,2-36,8)** P=0,257
LFa - u3npaBare 2,3(1,5-3,6)* 1,1(0,5-2,7)* 2,0(0,9-5,8)** 1,3(0,7-3,6)* 1,3(0,3-5,3)* P=0,219
RFa -ugnpaBane 0,7(0,2-1,3)* 0,5(0,2-0,9)* 0,5(0,3-1,2)* 0,7(0,3-1,2)** 0,5(0,2-3,6)** P=0,563

*AaHHume Ca CpegHu CmoOHocmuicmaHgapmHo OMKAOHEHuUe

**AaHHUME ca MeguaHa U pa3Auka mexxgy 20peH u goAeH kBapmua

mecm (OITT) cbe 75 2 2AI0KO3a Ha Npax CYmpuH Ha
2nagHo caeg 12-yacoBo 2aagyBade. M3caegBana e
BeHo3Ha nAazmeHa 2aoko3a Ha 0 u 120 muHyma no
XeKCOKUHa3zeH memog. [AIOKO3HUAM mOoAepaHcC e on-
pegeaeH cnopeg kpumepuume Ha C30 om 20062.

Mpu Bcuuku yyacmHuuu Ha 2aagHo ca u3caegBa-
HU: AUNnugeH npocpua - obw, xorecmepoa, HDL xo-
AECMEPOA U MmpuzAUUEepugu NO eH3UMEH KOAOpU-
mempuueH memog (Roche Diagnostics), kamo LDL xo-
AECMEPOA € uzuucAeH nocpegcmBom hopmysrama Ha
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Fridewald, HbA;. (NGSP cepmuduuuparH memog) 6
uara KpbB no umyHomypbugumempuueH memog
(Roche Diagnostics) u BucokouyBcmBumenen C-peak-
muBen npomeun (hsCRP) ¢ AamekcoB mypbugumem-
pudeH memog (CRP-Latex) (Roche Diagnostics).

ApmepuasHOMO HaAA2aHe e U3MePEHO NpU cMat-
gapmHu ycaoBua. OueHkama Ha paznpegeaeHUuemo
Ha macmHama mbkaH 68 maromo e HanpaBeHa ¢ 6uo-
umnegaHceH aHaAauzamop (Inbody 720). MNMaowma Ha
BucuepaaHama macmHa maca e u3ducaeHa 6 cm? u 06-
wiomeAecHama macmHa maca e npegcmaBeHa 8 %.

MemaboAaumHuam cuHgpom e geduHupaH cno-
peg Kpumepuume Ha MexgyHapogHama AuabemHa
Megepauua om 20052.

3a oueHka Ha aBmoHoMHama PyYHKUUA e NPUAO-
»keH ANS-3.0 memog (ANSAR Medical Technologies,
Inc., Philadelphia, PA) - codpmyep 3a moHumopupaHe
Ha cumnamukycoBama u napacumnamukycoBama ak-
muBHocm nocpegcmBom yecmomeH aHaAu3 upe3
npuAazaHe Ha cmMaHgapmHume KAUHUYHU mecmoBe:
mecm ¢ gbAbOKO guwaHe, npoba Ha BaacaaBa u us-
npaBaHe om cegHara no3zuuua. ANS-3.0 memogbm,
BratouBaw, HUCKOYUEeCMOMHUA guana3oH OM CnNeKkMb-
pa gpukcucaH mexgy 0,04-0,15 Hz, uzuucaaBa cumna-
mukycoBama (Low Frequency area - LFa) u napacum-
namukycoBama (Respiratory Frequency area - RFa)
akmuBHocm egHoBpemeHHo u He3zaBucumo, U3NOA3-
Balku cnekmpareH aHaAu3 Ha pecnupamopHama ak-
muBHocm (Respiratory Activity - RA) c egHoBpemeHeH
cnekmpaAeH aHaAau3 Ha BCY.

49 om yuacmHuyume ca ¢ ycmaHoBeHa apmepu-
aAHa xunepmoHua (apmepuaAHo HaaszaHe >140/90
mmHg) u ca Ha mepanus ¢ pa3zauyHu kKaacoBe aHmu-
XxunepmeH3uBHU megukameHmu, BkAlOYUMEAHO Oe-
ma- u aagpa-bAoKepu, Nnopagu Koemo Npu max U3caeg-
BaHemo e u3BbpuwieHo noHe 24 yaca caeg hocaegHuA
Nnpuem Ha MegukameHmMu, UMawu OMHOWEHUE KbM
aBmoHomHama dyHkuua - aHmuxunepmen3uBHu,
MPUUUKAUYHU aHmugenpecadmu u SSRIs, 6e3 npuem
Ha Kagpe u miomioHonyweHe 12 4. npegu u3caegBa-
Hemo, noHe 30 MUH. CAeg NOCAEgHUA NPUEM Ha Xpa-
Ha, cympuH 6 yacoBeme mexgy 8 u 11.

Cmamucmuyeckuam aHaAu3 Ha gaHHUme e u3-
BvpweH cbc cmamucmudecku nakem SPSS Bepcusa
20.0 (SPSS, Chicago, USA). Pesyamamume ca npeg-
cmaBeHu kamo cpegHU cmolHOCMU £ cmaHgapmHo
OMKAOHEHUEe UAU MeguaHa (mexxgykBapmuaeH 006-
xBam), 8 3aBucumocm om paznpegeAeHUEMO UM.
Mpu cpaBHeHue Ha HenpekbcHamume npomeHAuBu ca
npuroxkeHu T-mecm Ha CmiogbHm (Student's t-test),
egHomepeH BapuayuoHeH aHaau3 (One-way ANOVA)
u mecm Ha Kpyckaa-Yoauc (Kruskal-Wallis test). M3-
caegBaHa e u Bpb3kama mexkgy omgeAaHU NoKazameau
ype3 KopeAauuoHEeH aHaAu3 Ha Spearman. 3a cmamu-
cmuyecku 3Ha4YumMa pa3auka e npuemo P<0,05.

Pesyamamu

Hawume pe3yamamu He noka3zBam 3Havyuma pas-
Auka 6 cvpgevuHo-cbgoBama aBmoHomHa dyHkuuA
MEXQy pa3zAudHUME Kamez2opuu Ha npeguabem. Yc-
maHoBu ce meHgeHUUA KbM 3HAYUMO pegyuupaHe Ha
napacumnamukycoBama akmuBHocm 6 xoga Ha KAu-
HUYHUA Mecm C gbABOKO guwaHe C npozpecusma Ha
cmeneHma Ha 3amabcmaBane (P=0,039) (Qua. 1).
MapacumnamukycoBuam moHyc npu gbAGoKo guwa-
He e HamaAreH u B 2pynama c memaboAumeH CUHg-
pom cnpamo koHmpoaume (P=0,031) (Dua. 2).

Mpu uzcaregBarama koxopma ce HabAtogaBa yme-
peHa go cuaHa HezamuBHa kopeAauyuu mexkgy Bcuu-
KU napamempu, xapakmepu3upawu aBmoHomHama
dyHkuua, u BucueparHama macmHa maca, Bv3zpacm-
ma, HbA;, nAa3meHama 2Al0K03a Ha 2AagHO U NAA3-
MeHama 2Aloko3a Ha 120-ma muHyma. YmepeHa Heza-
muBHa Bpb3ka ce ycmaHoBu mexgy LFa 68 nokod,
RFa npu gbaboko guwaHe u LFa npu npobama Ha
BaacaaBa u npoueHma obwomeaecHa macmHa maca.
YmepeHa nozumuBHa Bpb3ka ce HabalogaBa mexgy
nokazameaume 3a cumnamukycoBua moHyc u guac-
MOAHOMO apmepuasHo HaanszaHe. C-peakmuBHuam
NPOMEUH He gemMoHCmpupa 3Hayuma Kopeaauua C
nokazameaume 3a aBmoHomeH KoHMpoA (Taba. 4).

ObcbikgaHe

AupekmHomo cpaBHeHue mexkgy omgeAHUme Ka-
mezopuu Ha npeguabem 8 Hacmoawomo u3caegBa-
He He noka3a 3Haduma pasauka 6 aBmoxHomHua mo-
Hyc. 3a pa3auka om Hawume HabAlogeHua Min u
cbmp. ycmaHoBaBam HezamuBHa KopeAauua mexxgy
Bcuuku napamempu Ha Bapuabuaumema Ha cbpgeu-
Hama yecmoma U nAa3meHama 2Al0KO3a Ha 2AagHO
(12), nogkpeneHu om pe3yamamume om npoyuBaHe-
mo Ha Hemingway npu mbxe (10), Koskinen npu >ce-
Hu (11), u Soares-Miranda npu maagu Bvb3pacmHu
(13), gokamo Assoumou u cbmp. He gokaagBam
Bpb3ka mexxgy Haauyuemo Ha HIT u cbpguyHo-cbgo-
Bama aBmonomHa dpyHkuua (16). Cnopeg gpyeu npo-
yuBaHua HamaaeH napacumnamukycoB moHyc kamo
nbpBa npoaBa Ha CAA ce ycmarnoBaBa npu HIT, Ho
He u npu HIT (17). PagHonocouyHocmma Ha gaHHume
go 20AAMa CMENEH Ce gbAXKU Ha pazAudHUME Memo-
goaozuu u3noazBaru B8 me3u uzcaegBarua.

Hacmoawomo u3caegBave gemoHCcmpupa 3Hayu-
MO NOMUCKaHe camo Ha napacumnamukycoBama
dyHkuua B xoga Ha KAUHUYHUA Mecm gbABOKO gu-
waHe € Npozpecuama Ha cmeneHma Ha 3amabcmaba-
He, KaKmo U Npu HaAuyue Ha memaboAUMeH CUHg-
pom npu npeguabem. Cnopeg kaacugukauuama Ha
Vinik u comp. 3a cmaguume Ha CAA, koasmo ce ocHo-
BaBa Ha BucokouyBcmBumenrnua ANX-3.0 memog,
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PymaHa b. AumoBa u cempygHuyu

Tabauya 3.

OcHoBHu xapakmepucmuku (6pod,
paznpegeAeHue No NoA, cpegHa Bb3-

pacm, UHgeKC Ha meAecHa maca
(MTM) u nokazameaume 3a cumna-

mukycoBa (LFa) u napacumnamuky-
coBa (RFa) akmuBrocm 8 nokou u 8

X0ga Ha KAUHUYHUMe mecmoBe) Ha
ydacmuuuyume 6 2pynume cnopeg

HaAuvuemo Ha memaboAaumeH CUHQ-

pom (MC) - MC+/MC-.

Mapamempu MC+ MC- P

Bpou 118 30

INoA (Mb>ke/>keHu) 49/8 69/22

Bb3pacm 50,1£12,9* 51,5£16,3* P=0,611
UTM (k2/m2) 33,549,3* 28,244,7* P=0,003
LFa 8 nokou 1,5(0,7-2,7)* 1,7(0,8-3,6)* P=0,340
RFa 8 nokou 0,8(0,4-1,6)** 1,0(0,4-2,2)** P=0,247
RFa AbAbGoko guwaHe | 12,9(4,5-25,4)** 20,5(12,5-39,5)** | P=0,031
LFa BaacanBa 22,0(7,1-42,0)* | 25,7(15,4-43,0)* | P=0,486
LFa ugnpaBate 1,5(0,6-3,8)** 1,9(0,5-5,3)** P=0,652
RFa uznpaBane 0,5(0,3-1,2)** 0,6(0,4-1,3)** P=0.381

*AaHHUMe ca cpegHU cmolHOoCMUECMaHgapmHO OMKAOHEHUE
**AaHHUMe ca meguaHa U pa3Auka mexkgy 20peH U goaeH kBapmua

[NapacumnamukycoBa (RFa) akmuBHocm
npu mecma ¢ gbAboko guwaHe 8
2pynume cnopeg uHgekca Ha meAecHa

120,00

maca (MTM) - c HopmaaHo meaao (UTM 18- fo)

24,9 ke/m?), HagHopmeHo mezao (MTM 18-
24,9 ke/m?), 3amabcmaBaHe | cmeneH
(MTM 30-34,9 ke/m?), 3amabcmaBatre I
cmened  (UTM  35-39,9  «ke/m?), u
3amabcmaBare [l cmenen (MTM > 40
Ke/Mm?).

100,007

80,001

60,00

RFa

40,00

20,004

1001

I ] ] T T
MTM 18-24,9 UTM 25-29,9 UTM 30-34,5 U'TM 35-39,9 UTM =40,0

npuaoxeH u 6 Hacmoawomomo npoyuBare, Hawu-
me gaHHU nokpuBam kKpumepuume 3a nepudgepHa
aBmoromHa HeBponamua ¢ paHHO napacumnamuky-
coBo yBperkgaHe, Koemo Hue peaucmpupame npu
npeguabemHo cbCmonHue, u peaamuBHa cumnamu-
kycoBa xunepakmuBHocm ¢ nocaregBawa cumnamu-
kycoBa xunoakmuBrocm (18). CaegoBameaHo ec-
mecmBeHama npoepecua Ha CAA B koHmekcma Ha
HapyweHama 2Al0KO3Ha xomeocmasa ¢ nbpBoHavaa-
HO 3acazaHe Ha napacumnamukycoBus gaa Ha aBmo-

HomHama HepBHa cucmema ¢ npeBaaupaHe Ha cumna-
mukycoBama akmuBHocm 6e3 gaHHuU 3a geHepBa-
uus, nocaegBana om BbBauvaHe Ha cumnamukyco-
Bua gaa, BepoamHo 3anouBa mHo20 npegu u3zaBama
Ha 3axapHua guabem (19). B nogkpena Ha moBa
mBbpgeHue ca XuCMOAO2UYHUME gaHHU Om KOXHa
6uoncua npu nayueHmu ¢ HIT u 3axapeH guabem c
manka gaBHocm, npu koumo ce HabAtogaBam cxogHu
MOPEOAO2UYHU NpoMeHU U 3azyba Ha HepBHu Baak-
Ha (20).
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PymsgHa b. AumoBa u compygHuyu

MapacumnamukycoBa (RFa) akmuBHocm
npu mecma ¢ gbAboko guwane B8 2pynu-

120,00
me cnhopeg HaAuduemo Ha memaboAaumeH

cungpom (MC+/MC-). fo}
#
100,00
¥ 0
80,00
o]
o
w
60,00
o o
40,00
20,00
00
| |
MC+ MC-

MybaukyBaHume go momeHma gaHHu 3a Bpb3ka-
ma mexkgy 3amabcmaBatemo u aBmoHomHama yH-
Kuua ca pazHonocouHu. M38ogume om gBe npoyuBa-
HUA Ca CXOQHU C Hawume gaHHU u noka3Bam kopeaa-
uua Ha ITM ¢ Haauuuemo Ha CAA (8, 21), gokamo
gpyau u3caegBarua omxBbparam nogobHa Bpb3ka (9,
22). CxogHu ca pe3yamamume Ha Tentolouris u
cbmp., koumo ycmaHoBaBam noBuweHa cumnamu-
kycoBa u noHwkeHa napacumnamukycoBa akmu6-
Hocm npu MC (23). Tl kamo noBbpxHOCMHO pazno-
AOXKeHume napacumnamukycoBu HepBHu BaakHa ce
3acaeam no-paHo 6 ycaoBuama Ha noBuweH mema-
6oaumer puck, Chang u cemp. ycmaroBaBam Hama-
A€Ha napacumnamukycoBa akmuBHocm npu HaAaudue
gopu camo Ha eguH memaboAumeH pakmop 6e3 gaH-
HU 3a UHcyAauHoBa pe3zucmeHmHoOCM, gokamo Ha-
mpynBaremo Ha noBeuye memaboAUMHU KOMNOHEH-
mu Bogu go pa3zBumue Ha uHcyauHoBa pesucmeHm-
Hocm ¢ nocaegBawo BbBauvaHe Ha cumnamuKkyco-
Bua gan (24). CaegoBameaHO, HACMOAWOMO U3CAEg-
BaHe nomBbxxgaBa cxBawanemo, ye aBmoHomHuam
gucbanaHc Bv3HukBa owe 6 paHHume emanu om
pazBumuemo Ha memaboAumeH CUHgPOM CbC 3ace-
2aHe Ha hapacumnamukyca, kamo 3agbabouaBaHemo
Ha memaboAaumHume omkaoHeHua Bogu go cumna-
mukycoBa xunepakmuBHocm, cBbp3aHa ¢ uzpazeHa
uHcyauHoBa peucmenmuocm (25, 26). Aaau 3a-
mabcmaBaHemo e Bogewama npudyuHa 3a pazBumu-
emo Ha MC (27) uau aBmoHomHama gucyHkuua e

ocHoBHuam gpakmop, omeoBopeH 3a HapyweHuama
B8 xunomasamo-xunogu3o-HagbvbpeuHama oc (28),
Bce owe ocmaBa Hegou3acHeHo. BaxkHo e ga ce uma
npegBug, ye Kamo nNpegukMop 3a CMbPMHOCM gopu
npu Auua 6e3 cbpgeuHo-cbgoBu 3aboaaBarus (29), Ha-
MaAaeHUsm napacumnamukycoB moHyc Hocu cepuo-
3eH puck npu uHguBugu ¢ npeguabem u Bucokocme-
neHHo 3amabcmaBaHe uAu Haaudue Ha memaboAumen
COHgPOM.

AaHHUMe om npeguwHo Hawe u3cAegBaHe no-
kazBam 3Ha4umMo HapyweHue Ha cumnamukycoBama
u napacumnamukycoBama akmuBHocm B xoga Ha
KAUHUYHUME mecmoBe npu Auua C HOPMOZAUKEMUS U
ekcmpemHo 3amabcmaBaHe uau Haaudue Ha MC
cnpamo koHmpoaume (30). CaegoBamenHo, moxke ga
ce 3aKAloYU, Ye Npu HaAudue Ha HapyweHusa 6 eato-
KO3HUA MOoAepaHC nAazmeHama 2atoko3a ce aBaba no-
cuaeH npegukmop 3a aBmoHomeH gucbaraHC OMKOA-
Komo gpyaume memaboaumHu komnoHeHmu. ToBa
mBbpgeHue e B yHUCOH C HacCMoawuMe pe3yamamu,
Koumo noka3zBam HezamuBHa Kopeaauus Ha Bcuvku
napamempu Ha BCY ¢ HbA,. u 2aukemuama.

Maako ca npoBegenume npoyuBaHus, cpaBHaBa-
WU pa3AuduHUME NoKa3ameAu 3a macmHa MbKaH C
Haauuuemo Ha aBmoHomHa gucyHkuua. MNoayueru-
me pe3yamamu gemoHcmpupam ymepeHa go CuAHa
HeeamuBHa Kopeaauua mexxgy naowma Ha Bucuepan-
Hama macmHa maca, omezoBapawia Ha ueHmMpasHo
3amabcmaBane, ¢ Bcuuku napamempu Ha cumnamu-
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kycoBama u napacumnamukycoBa akmuBHocm, go-
Kamo npoueHmMbmM obwomeaecHa macmHa maca, om-
pazaBaw, eeHepaAuzupaHOMO pa3znpegeAeHue Ha
macmume, Kopeaupa HeeamuBHo camo ¢ HuBomo Ha
cumnamukycoBua moHyc 6 nokol u npu npobama Ha
BaacaaBa u ¢ napacumnamukycoBua moHyc npu goa-
H6oko guwaHe. AumepamypHume gaHHu ca 6 nokpe-
na Ha ycmaHoBeHume om Hac 3aBucumocmu. MoBe-
yemo npoyuBaHua nokazBam no-cuaHa kKopeaauua Ha
abgomuHaaAHOMO macmHo HampynBaHe CbC cmenex-
ma Ha aBmoHomeH gucbararc. Windham u Christou
ycmanoBaBam HamaaeH napacumnamukyco8 u cum-
namukycoB moxyc npu BucueparHo cNpamo 2eHepa-
Au3upaHo 3amabcmaBane (22, 31). Pesyamamume Ha
Koskinen u Assoumou onpegeasm aHmponomempuu-
Homo u3zmepBaHe Ha 06uKOAKamMa Ha maAuama Kamo
Hal-cuaeH npegukmop 3a HamaaeH Bapuabuaumem
Ha cbpgeuHa yecmoma (11, 16). Beske u comp. ycma-
HoBaBam He3aBucuma kopeaauus mexkgy Bucuepan-
Hama macmHa maca u HamaaeHua GapopeuenmopeH
pegaekc npu mbxe (32). Farah u Damodaran peauc-
mpupam aBmoHomHa gucyHkuua 3a cmemka Ha Ba-
2ycoBa xunoakmuBHocm u cumnamukycoBa xune-
pakmuBHoCcm nNpu yeHmMpaAHO macmHo HampynBaHe
(7, 33). B u3caegBanemo Ha Laitinen u comp. cbwo
e nogyepmaHa Bpb3ikama Ha CAA u BucuepaaHomo
3amabcmaBane npu HIT (34). EgBa 6 HakoAko npoyu-
BaHua uma gaHHU 3a KopeAauus Ha obwomeaecHama
macmHa maca u npomeHume 6866 BCH (3-6). Ycmano-
BeHama no-cuaHa Bpb3ka Ha CAA c BucueparHama
MacmHa maca He e uzHeHagBawa. Aobpe uzBecmHo
e, uve uHcyauHoBama pe3zucmeHmMHoOCM KopeAupa
npegumHo ¢ abgomuHaaHama, a He ¢ obwomenecHa-
ma macmHa maca (35). ABmoHomHama HepBHa cuc-
mema uHepBupa macmHume gena, KOUMO ca NoO3u-
muBHO acoyuupaHu C NPOGYKUUAMA Ha KamexoAamu-
HU om aBmoHomHume HepBu (36). buoroz2uuHuam
MexaHu3bm, upe3 koimo BucuepasHama macmHa ma-
Ca gonpuHaca 3a HapyweHuama Ha cbpgevHama ab-
moHOMHa (hyHKuus, Halt-BepoamHo e cBvbp3aH ¢ npo-
uzBogcmBomo u cekpeuuama Ha mHoXkecmBo uumo-
KuHu (37).

Mo omHoweHuUe Ha apmepuaAHOMO HaAa2aHe pe-
3yamamume om npoBegeHomo u3caeBaHe nokasz-
Bam ymepeHa nozumuBHa Kopeaauua Ha gUACMOAHO-
mo apmepuaaHo HaanszaHe ¢ Bcuuku LFa napamempu.
Mma gaHHu 3a Bpb3ka Ha CUCMOAHOMO U gUACMOA-
HOMO apMmepuaAHO HaAfA2aHe C HamMaAeHa cumnamu-
kycoBa u napacumnamukycoBa akmuBrocm (10, 12),
gokamo gpyau npoyuBaHua nokazBam acouuauus
U30AUPAHO Camo Ha CUCMOAHOMO apMeEPUAAHO HaAA-
2aHe ¢ noBuweHo omHoweHue LF/HF npu >xeHume
(11), uau omxBbpaam Bpb3ka Ha apmepuasHama Xu-
nepmoHua ¢ aBmoHomHama cyrkuua (16, 38).

XunepuHcyauHemuama, eHgomeAHama gucyHK-
uua u cBpuvxnpogykyuama Ha uumokuHu ca Bepoam-

Hume cbnbmcmBawu mexaHu3zmu 6 pazBumuemo Ha
CAA (19) 8 paHHume emanu Ha HapyweHua 8 2aio-
KO3HUA moAepaHc. Tezu nbmuwa go 20AamMa cmenex
ob6acHaBam Hawume pe3yamamu, KOUMO gemoHCM-
pupam no-cuAHa npegukmuBHa cmodHoCm Ha nAa3-
meHama 2Aloko3a u BucuepaaHomo 3amabcmaBaqe
3a Haauduemo Ha aBmoHomeH gucbaraHc cnpamo
gpy2ume memaboAumHU mapkepu npu npeguabem.
CoweBpemeHHo nybaukyBaHume go momeHma gan-
HU nocmaBam Bbnpoca gaau uHcyauHoBama pe3uc-
MeHMHOCM e NpuyuHa 3a aBmoHomHa gucyHKuua
uau e caegcmBue om cvwecmByBawo aBmoHomHo
yBpexgaHe (24).

HampynBam ce Bce noBeue gaHHu 3a Bpb3ka Ha
Bv3nareHuemo cbc CAA npu 3axapeH guabem mun
2 (39), npu HoBoomkpum 3axapeH guabem mun 2
(40) u gopu npu 3gpaBu Bv3zpacmuu (41). MNpegnoaa-
2a ce, 4ye mas3u acouuauus e onocpegcmBaHa om xo-
AUHep2uuHume HeBpoHaAHU Nnbmuwga, ynpaxHabBa-
WU MoHu4eH uHxubupaw, koHmpoa Bbpxy BpogeHu-
me UMYHHU peakuuu (42). 3a pazauka om 20penoco-
4YeHOMO, gaHHUMeE oM HacmMoAwomMo u3zcregBaHe He
nomBuprkgaBam Bpb3ka mexkgy HuBama Ha hsCRP u
aBmoHomHua KoHmpoa npu npeguabem. CaegoBa-
MeAHO ca Heobxogumu no-3agbaboueHu uzcaegBa-
HUA C 02Aeg onpegeAaHe Ha npegukmuBHama cmod-
HOCM Ha Mapkepume 3a HuckocmeneHHo Bb3nane-
HUE NO OMHOWEHUE Ha guazHOCMuUKama, mexecm-
ma u npoz2Ho3zama Ha CAA.

3akAloyeHue

3amabcmaBaHemo u Haauduemo Ha memaboau-
meH cuHgpom BepoamHo ca cBbp3aHu ¢ HapyweHa
napacumnmukycoBa cyHkuua npu npeguabem. Buc-
uepaaHomo 3amabcmaBane, Bv3pacmma, HbA;. u
2AUKEMUAMA CU2HUUKaHMHO noBauaBam npomeHu-
me B cvpgeuHo-cbgoBama aBmoHomHa yHKUUA
npu npeguabem u BepoamHo noBuwaBam cvpgeu-
Ho-CbgoBua puck npu me3u Auua. Hawume Habaoge-
Hua gaBam ocHoBaHue ga ce mbpcam cybKAUHUYHU
dopmu Ha CAA owe B paHHume emanu Ha Hapyuwe-
Hua B 2Al0KO3HUA MOAepaHC.

Hacmoawjomo uzcaegBane e ¢punancuparHo om Me-
guyuxcku YHuBepcumem, Cogpua, 666 Bpwv3ka c
ogobpeH Hay4yHO-uzcaegoBamencku npoexkm Ne 19-A
no gozoBop Ne2-A/2012z.
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Assessment of Cardiovascular Autonomic
Function in Prediabetes and its Correlation with
Metabolic and Inflammatory Markers
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Aim: The aim of this study was to assess cardiovascular autonomic function (CAF) and its association with
metabolic parameters and inflammatory markers in subjects with prediabetes.

Materials and methods: A total of 148 subjects - 91 females and 57 males (mean age 50,4%13,6 years,
mean BMI 32,4+8,8 kg/m?) with pre diabetes were divided into 3 groups according to their glucose tolerance:
83 with impaired fasting glucose (IFG), 29 with impaired glucose tolerance (IGT) and 36 with IFG+IGT, into 5
groups according to BMI: 15 normal weight, 43 overweight, 48 obesity class I, 25 class Il, and 17 class Il and
into 2 groups according to the presence of Metabolic syndrome (MetS) - 118 with MetS and 30 controls were
enrolled in a cross-sectional study. Glucose tolerance was studied during OGTT applying 2006 WHO criteria.
Anthropometric indices, blood pressure, serum lipids and hsCRP were measured. Body composition was estima-
ted by impedance analysis (InBody 720). CAF was assessed by ANX-3.0 using frequency-domain analysis during
standard clinical tests - deep breathing, Valsalva and standing from a seated position. Statistical analysis was per-
formed using SPSS v.20.0.

Results: There was no significant difference in both sympathetic nervous system (SNS) and parasympathet-
ic nervous system (PSNS) activity between the groups according to their glucose tolerance. A trend toward
decreased PSNS function during deep breathing with the progression of obesity stage was observed (P=0,039).
PSNS tone during deep breathing was diminished in the group with MetS as compared to controls (P=0,031) as
well. A moderate to strong negative correlation between SNS and PSNS activity and age, visceral fat area, HbA,,
and glycemia was established. No significant correlation between autonomic tone and hsCRP was found.

Conclusion: Obesity and the presence of MetS might be associated with PSNS function deterioration in pre-
diabetes. Central obesity, age, HbA,, and glycemia significantly influence CAF alterations in prediabetes.

Key words: cardiovascular autonomic function, prediabetes, metabolic syndrome, cardiovascular risk, hsCRP.

Introduction combined with prediabetes and insulin resistance (2).
Reduced heart rate variability (HRV) is considered a
The results of a growing number of studies in differ- ~ potential mechanism involved in sudden cardiac death
ent ethnic groups have shown that cardiovascular  in obese subjects. Therefore, in recent years there has
autonomic dysfunction (CAD) begins in the early  been an increasing scientific interest in the assessment
stages of abnormal glucose homeostasis (1) and sug-  of cardiovascular autonomic function (CAF) in the pres-
gest its multifactorial modality and its relation not only ~ ence of obesity and other metabolic abnormalities.
to hyperglycemia, but also to other cardiovascular risk Association of CAD with obesity has been estab-
factors, such as low-grade inflammation, and compo-  lished in animal model studies, showing significantly
nents of the metabolic syndrome (MetS) that are often  reduced sympathetic activity (3). In human studies the
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results are not so explicit as an abnormal HRV due to
decreased parasympathetic (4) or sympathetic (5)
function, or both (6), has been observed, and a para-
doxically increased sympathetic nervous system activi-
ty has been found as well (4).

It still remains unclear whether total body fat or vis-
ceral adipose tissue contribute more to HRV deteriora-
tion. Some studies have shown greater significance of
central obesity as a predictor of autonomic control
impairments (7,8) while others have reported that total
body fat is the strongest marker correlating with HRV (9).

At the same time CAD has been found to be asso-
ciated with arterial hypertension (10-13) and dyslipi-
demia (9,14) as well, and CAF alterations have been
observed even in healthy population (15). Therefore, it
is necessary to evaluate each metabolic parameter
simultaneously to clarify their individual contribution
to HRV alterations. The presence of predibetes allows
the determination of how slight changes in blood glu-
cose levels affect these relations.

The aim of this study was to assess CAF in different
categories of prediabetes, at different stages of obesi-
ty, and in the presence of MetS as well as to investi-
gate the association of CAF with several metabolic
parameters and inflammatory markers - BMI, waist cir-
cumference, total body fat, visceral fat area, blood
pressure, lipid profile, HbA,., glycemia, and hsCRP in
subjects with prediabetes.

Material and Methods

A total of 148 subjects - 91 males and 57 females,
mean age 50,4+13,6 (from 22 to 84 years), mean BMI
32,4+8,8 kg/m?* with prediabetes were included in this
cross-sectional study. They were divided into three
groups according to their glucose tolerance: 83 with
impaired fasting glucose (IFG), 29 with impaired glucose
tolerance (IGT) and 36 with IFG+IGT, into 5 groups
according to BMI: 15 normal weight, 43 overweight, 48
obesity class I, 25 class Il, and 17 class lll, and into 2
groups according to the presence of Metabolic syn-
drome (MetS) - 118 with MetS and 30 controls were
enrolled in a cross-sectional study. The main characteris-
tics of the groups are displayed in Tables 1, 2 and 3.

Participants were recruited at the Department of
Diabetology, Clinical Centre of Endocrinology,
Medical University Sofia within a screening program
for diabetes mellitus.

The following exclusion criteria were adopted:
presence of diabetes mellitus or taking anti-diabetic
medications, arrhythmias or taking anti-arrhythmic
drug therapy and experienced vascular events.

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

All participants were interviewed for the presence
of diabetes mellitus and anti-diabetic therapy, arrhyth-
mias and anti-arrhythmic drug administration, the pres-
ence of ischemic heart disease and experienced vascu-
lar events. Anthropometric parameters were measured
- height, weight and waist circumference, and BMI was
calculated. Categories of glucose tolerance were eval-
uated during a standard oral glucose tolerance test
(OGTT) with 75 g anhydrous glucose after an over -
night fast. Fasting and a 120-min plasma glucose were
examined by a hexokinase enzyme method (Roche
Diagnostics). The glucose tolerance was defined
according to 2006 WHO criteria.

In all participants the following were assessed at
fasting: serum lipid parameters (total cholesterol, HDL
cholesterol and triglycerides using an enzymatic colori-
metric method (Roche Diagnostics), LDL cholesterol
was calculated using Fridewald's formula), HbA,.
(NGSP certified) in whole blood samples using
immunoturbidimetric method (Roche Diagnostics) and
high sensitive C-reactive protein (hsCRP) using a parti-
cle-enhanced turbidimetric method (CRP-Latex)
(Roche Diagnostics).

Arterial blood presure (BP) was measured in standard
conditions. Body composition was estimated by imped-
ance analysis (InBody 720). Visceral fat area was calcu-
lated in cm2 and total body fat was presented in %.

The 2005 IDF definition of the MetS was used.

Autonomic nervous system function evaluation was
performed with ANS-3.0 autonomic monitoring sys-
tem (ANSAR Medical Technologies, Inc., Philadelphia,
PA) - software that computes sympathetic (SNS) and
parasympathetic (PSNS) nervous system activity using
Jfrequency-domain” analysis applying standard clinical
tests: deep breathing challenge, valsalva maneuvers
and stand challenge. The ANS-3.0 method, focused on
the low-frequency range of the spectrum fixed
between 0.04-0.15 Hz, computes sympathetic (Low
Frequency area - LFa) and parasympathetic (Respira-
tory Frequency area - RFa) activity simultanuously and
independently applying spectral analysis of Respiratory
Activity - RA with concomitant spectral analysis of HRV.

As 49 subjects were presented with arterial hyper-
tension (blood pressure >140/90 mmHg) on treatment
with different classes of antihypertensive drugs, includ-
ing beta- and alpha-blockers, the study was performed
at least 24 hours after the last dose of medications
affecting autonomic function - antihypertensives, tri-
cyclic antidepressants and SSRIs, refraining from cof-
fee and smoking 12 hours prior to the test, at least 30
minutes after the last meal and between 8-1T1am in the
morning.

Statistical analysis of the data was performed by
SPSS v.20.0 (SPSS, Chicago, USA). The data is
expressed as mean = standard deviation (SD) or medi-
an t quartiles, depending on their distribution.
Student's T-test, one-way analysis of variance (One-way
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Table 1.

Main characteristics (number, gender distribution, mean age, body mass index (BMI) and sympathetic (LFa) and parasympathetic activity
parameters at rest and during the clinical tests) of the participants in the groups according to glucose tolerance - with impaired fasting glucose

(IFG), impaired glucose tolerance (IGT), and IFG+IGT.

Parameters IFG IGT IFG+HIGT P
Number 83 29 36

Sex (males/females) 39/44 6/23 12/24

Age (years) 51,1+£12,7* 43,5+14,2* 54,5+13,6* P=0,004
BMI (kg/m?) 33,2+10,8* 31,0+5,7* 31,8+5,3* P=0,466
LFa at rest 1,4(0,6-2,6)* 2,1(1,3-4,0)** 1,1(0,6-3,0)* P=0,059
RFa at rest 0,8(0,3-1,6)** 1,0(0,4-3,0)** 0,8(0,4-1,5)** P=0,529
RFa - deep breathing 13,9(4,8-28,1)** 19,2(5,2-47,1)* 13,5(4,0-21,1)** | P=0,329
LFa - Valsalva maneuver | 24,1(11,1-45,6)** 26,0(6,1-36,2)** 19,5(6,1-36,8)** | P=0,391
LFa - standing 1,6(0,8-4,2)* 2,1(0,7-5,4)** 1,2(0,5-3,00* | P=0,274
RFa - standing 0,6(0,2-1,2)** 0,5(0,3-1,6)** 0,5(0,3-0,9)** | P=0,837

*Data is means £ SD; **Data is medians (IQR)

Table 2.

Main characteristics (number, gender distribution, mean age, body mass index (BMI) and sympathetic (LFa) and parasympathetic activity
parameters at rest and during the clinical tests) of the participants in the groups according to body mass index (BMI) - with normal weight
(BMI 18-24,9 kg/m?), overweight (BMI 18-24,9 kg/m?), obesity class | (MTM 30-34,9 kg/m?), obesity class Il (BMI 35-39,9 kg/m?), and obesity

class Il (UTM = 40 kg/m?).

Parameters Normal weight Overweight Obesity class I | Obesity class Il | Obesity class IlI P
Number 15 43 48 25 17

Sex (males/females)|  4/11 16/27 23/25 7/18 7/10

Age (years) 53,5¢15,8 54,1414,1* 49,2413,4* 46,0413,0* 48,0£9,8* P=0,115
BMI (kg/m?) 23,241,7* 27,941,3* 32,3£1,5% 36,5¢1,4* 46,7£18,0* P<0,001
LFa at rest 1700933 | 13(05-1,9) 1,7(0,7-3,4) 1,8(0,8-2,8) 19(043,1)* | P=0,286
RFa at rest 110620 | 08(031,4) 0,8(0,4-1,6)** 1,0(0,4-1,9)* 0,5(0,3-1,1)* | P=0,237
RFa - deep 22,0(8,945,0) | 143(3,1-24,6) | 13,6(7432,9* | 16,1(84-34,6) |  48(1,3175 | P=0,039
breathing

LFa-Valsalva | 28,5(23,0-57,2) | 21,3(8,5-39,7)* | 26,1(8,4-44,7)* |  27,4(11,8:52,1) | 143(3,2-36,8)* | P=0,257
maneuver

LFa - standing 23(1,53,6)* | 1,1(0,52,7) 2,0(0,9-5,8)* 13(0,7-3,6) 130353 | P=0,219
RFa - standing 0,7(0,2-1,3)* 0,500,209 | 0,5(0,3-1.2)" 0,7(0,3-1,2)* 0,5(0,2:3,6)* | P=0,563

*Data is means £ SD; **Data is medians (IQR)

ANOVA) and the Kruskal-Wallis test was used to com-
pare continuous variables. The Spearman rank correla-
tion method was performed between different meas-
ured parameters. A P-value (two tailed) of less than
0.05 was considered statistically significant.

Results

Our results showed no significant difference in CAF
between the categories of prediabetes. There was a
trend toward declined PSNS activity during deep

breathing with the progression of obesity stage
(P=0,039). (Figure 1) A diminished PSNS tone during
deep breathing in the group with MetS as compared
to controls (P=0,031) was observed as well (Figure 2).

A moderate to strong negative correlation between
all autonomic parameters and visceral fat area, age,
HbA,. fasting plasma glucose and 120 min plasma
glucose was found. A moderate negative correlation
between LFa at rest, RFa during deep breathing, LFa
during Valsalva maneuver and total body fat
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was established; and a moderate positive correlation
between SNS tone indices and diastolic BP was
shown. hsCRP demonstrated no significant correlation
with CAF indicators (Table 4).

Discussion

Direct comparison between the categories of pre-
diabetes in this study shows no significant difference in
autonomic tone. Contrary to our findings Min et al.
have established a negative correlation between all
HRV parameters and fasting plasma glucose levels
(12), supported by the results of Hemingway's study in
males (10), Koskinen's in females (11), and Soares-
Miranda's in young adults (13), whilst Assoumou et al.
have reported no association between the presence of
IFG and CAF (16). According to other studies, reduced
parasympathetic tone as the first manifestation of CAD
occurs in IGT, but not in IFG (17). Data divergency is
largely reflected by the different methodologies set out
in these studies.

This study demonstrates a significant depression
only in PSNS function during deep breathing with the
progression of obesity stage as well as in the presence
of MetS in prediabetes. According to Vinik's classifica-
tion of CAD stages based on the high-sensitive ANX-
3.0 method applied in the present study, our data
meet the criteria for peripheral autonomic neuropathy
with early PSNS weakness, which we recorded at the
stage of prediabetes, and relative SNS hyperactivity as
well as subsequent SNS weakness (18). Therefore, the
natural history of progression of CAD in the context of
impaired glucose homeostasis initially affecting the
parasympathetic division of ANS with prevalence of
SNS activity without any denervation followed by SNS
involvement probably starts long before diabetes man-
ifestation (19). This statement is supported by findings
of histologic examination of skin biopsies in patients
with IGT and diabetes of short duration where similar
morphological changes and loss of autonomic nerve
fibers have been observed (20).

The published data on the relationship between
obesity and CAF is rather conflicting. Findings based
on two studies are quite similar to ours, demonstrating
a significant correlation between BMI and CAD (8,
21), whilst a great deal of other studies do not support
this association (9, 22). Tentolouris et al. have report-
ed similar results, indicating increased sympathetic and
decreased parasympathetic activity in MetS (23). As
parasympathetic superficial nerve fibers are affected
earlier in conditions of increasing metabolic risk,
Chang et al. (24) have established reduced PSNS activ-
ity in the presence of a single metabolic risk factor
without insulin resistance whereas the accumulation of
more metabolic components leads to the develop-
ment of insulin resistance with subsequent sympathet-
ic involvement. Therefore, this study is in support of

the assumption that autonomic balance abnormalities
appear in the early stages of the development of MetS
affecting PSNS activity and the aggravation of metabol-
ic disorders results in SNS hyperactivity associated
with pronounced insulin resistance (25, 26). Whether
obesity is the driver of MetS (27) or autonomic dys-
function is a major contributor to hypothalamic-pitu-
itary-adrenal axis disturbances (28) remains unclear. It
is essential to envisage that, as a mortality predictor
even in subjects without cardiovascular disease (29),
reduced parasympathetic tone carries a serious risk in
individuals with prediabetes and severe obesity or the
presence of MetS.

Our previous findings have shown a significant
deterioration in both SNS and PSNS activity during all
applied clinical tests in subjects with NGT and extreme
obesity or the presence of MetS as compared to con-
trols. [30] Therefore, it might be inferred that in the
presence of abnormal glucose tolerance plasma glu-
cose level appears to be a stronger predictor of auto-
nomic imbalance rather than other metabolic parame-
ters. This statement corresponds to our results estab-
lishing negative correlation of all HRV parameters with
HbA; . and glycemia in prediabetes.

There are only few studies focused on comparing
different indicators of body fat distribution with the
presence of CAD. Our results demonstrate a moderate
to strong negative correlation of visceral fat area,
reflecting central obesity, with all parameters of both
SNS and PSNS activity, whilst only a moderate nega-
tive correlation between total body fat, reflecting gen-
eral obesity, and LFa at rest and during Valsalva and
RFa during deep breathing is established. The literature
data is in accordance with our findings. The majority of
studies have found a stronger correlation of abdominal
fat accumulation with the stage of autonomic imbal-
ance. Windham and Christou pointed out a reduced
SNS and PSNS tone in central as compared to general
obesity (22, 31). The results of Assoumou and
Koskinen have defined waist circumference as the
strongest predictor of reduced HRV (11,16). Beske et
al. have established an independent correlation
between visceral fat mass and reduced baroreceptor
reflex in males (32). Farah and Damodaran have
observed CAD manifested by vagal hypoactivity and
sympathetic hyperactivity in the state of central fat
accumulation (7, 33). In the study of Laitinen et al. a
correlation between CAD and visceral obesity in sub-
jects with IGT is highlighted as well (34). Only a few
studies have established a correlation of total body fat
accumulation with alterations in HRV (3-6). The
stronger association of CAF with visceral fat accumula-
tion is not surprising. It is well-known that insulin resist-
ance correlates predominantly with visceral fat rather
than with total body fat (35). ANS innervates fat depots
which are positively associated with the production of
catecholamines from autonomic nerves (36). The
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Table 3.

Main characteristics (number, gender

distribution, mean age, body mass Parameters MetS+ MetS- P
index (BMI) and sympathetic (LFa)
and parasympathetic activity parame- Number 118 30
ters at rest and during the clinical Sex (males/females) 49/8 69/22
tests) of the participants in the groups
with and without Metabolic syn- | Age (years) 50,1+12,9* 51,5+16,3* P=0,611
drome (MetS).
BMI (kg/m?) 33,5+9,3* 28,2+4,7* P=0,003
LFa at rest 1,5(0,7-2,7)** 1,7(0,8-3,6)** P=0,340
RFa at rest 0,8(0,4-1,6)** 1,0(0,4-2,2)** P=0,247
RFa Deep breathing 12,9(4,5-25,4)** 20,5(12,5-39,5)** | P=0,031
LFa Valsalva maneuver 22,0(7,1-42,0)** 25,7(15,4-43,0)* | P=0,486
LFa standing 1,5(0,6-3,8)** 1,9(0,5-5,3)** P=0,652
RFa standing 0,5(0,3-1,2)** 0,6(0,4-1,3)** P=0,381
*Data is means £ SD; **Data is medians (IQR)
Parasympathetic (RFa) activity during Deep
breathing in the groups according to body 120,00
mass index (BMI) - with normal weight =)
(BMI 18-24,9 kg/m?), overweight (BMI 18- fo)
24,9 kg/m?), obesity class | (BMI 30-34,9 o
Kg/m?), obesity class Il (BMI 35-39,9 kg/m?), 100.00-
and obesity class Il (BMI 2 40 kg/m?). '
. 8
80,001
o
w
& 60,00
40,004
20,00
00
| | | | |
BMI 18-24,9 BMI 25-29,9 BMI 30-34,5 BMI 35-39,9 BMI >40,0

underlying biological mechanism responsible for the
contribution of visceral fat mass to CAF impairments is
probably related to the production and secretion of a
variety of cytokines (37).

In terms of BP our results present a moderate pos-
itive correlation between diastolic BP and all LFa
parameters. There are some data for the relationship of
systolic and diastolic BP with decreased SNS and PSNS
activity (10,12), whereas other studies have document-
ed the association of isolated systolic BP increase with
elevated LF/HF ratio in women, [11] or have found no
association of arterial hypertension with autonomic
function (16, 38).

Hyperinsulinemia, endothelial dysfunction and

overproduction of cytokines are likely accompanying
mechanisms for the development of CAD (19) at the
very early stages of glucose disorders. These pathways
largely explain our results demonstrating a stronger
predictive value of plasma glucose and visceral obesi-
ty for the presence of autonomic imbalance in com-
parison to other metabolic markers in prediabetes.
Meanwhile, the published data raise the question
whether insulin resistance is a cause of autonomic dys-
function or a consequence of existing autonomic dam-
age (24).

There has been accumulating data on the relation
between low-grade inflammation and CAD in type 2
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Parasympathetic (RFa) activity during Deep
breathing in the groups with and without
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diabetes (39), in newly-diagnosed type 2
diabetes (40), and even in healthy adults
(41). It has been assumed that this associa-
tion is mediated by cholinergic pathways
exerting tonic inhibition on innate immune
responses (42). Contrary to the above our
findings on the relationship of hsCRP with
the autonomic control shows no significant
correlation in prediabetes. Thus, more
extensive research is needed to determine
the predictive value of low-grade inflamma-
tory markers in regards to diagnosis, sever-
ity and prognosis of CAD.

Conclusion

Obesity and the presence of MetS might
be associated with PSNS function deterio-
ration in prediabetes. Central obesity, age,
HbA1c, and glycemia significantly influ-
ence CAF alterations in prediabetes and
probably elevate cardiovascular risk in
these subjects. Our findings provide evi-
dence for searching for subclinical auto-
nomic dysfunction in subjects in the early
stages of glucose intolerance.

This study was supported by grant No.19-
D/2012 of Medical University, Sofia,
Bulgaria.
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OpueuHanHa cmamus

MMayueHmume ¢ NPOAAKMUHOM €A NpPegpaznoAo-
¥eHu KoM abmoumyHeH Xxunomupeougu3bm:
gaHHU Oom Kpoc-CeKYUOHHO pempocnekmubno npo-
yuBane 6 egun cneyuaauzupan KAUHUYEH YeHmMop
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Pesiome

Y6og: NporakmuHbmM e moweH umyHomogyaamop, noBauaBaw, Kakmo KAembYHO-MeguupaHusa, maka u xy-
MopaAHua umyHeH omezoBop Ha mHo20 HuBa: peayaauun Ha T- U B-kaembuHama mamypauus, UHXuUbGUpaHe Ha
HezamuBHama ceaekuyua Ha aBmopeakmuBHume B-aumdpouumu, cmumyaupaw, epekm Bbpxy UMyHO2A06YAU-

HoBama npogykuua u aHmMuzeHHa Npe3eHMauus.

Ljeama Ha Hacmoawomo npoyuBare Gewe ga ce onpegeau yecmomama Ha aBmoumyHHUMeE MUPOUgHU 3a-

6oaaBaHun (AUT3) cpeg nayueHMumMe C NPOAAKMUHOMU.

Mamepuasa u memogu: PempocnekmuBHo kpoc-cekuuoHHO npoyuBaHe Ha Ga3zama Ha aHaAu3 Ha MeguUUH-
ckume gocuema Ha 486 nauueHmu (430 >xeHu u 56 mbyke), guazgHoCcmuuupaHu u npocaegaBaru B eguH cne-

UuaAu3UAaQH KAUHUYEH UeHmMbp.

Pezyamamu: AVT3 6axa ycmaHoBeHu npu 27,6% om Bcuuku yuacmuuuu 6 npoyuBaremo (29,8% om xe-
Hume u 10,7% om mbxxeme ¢ npoaakmuHom). INMpu 1,59% om Bcuuku uzcaegBaHu Auua e guazHoCMuUUUpaH
xunepmupeougu3zbvm (1,72% cpeg >keHume ¢ npoaakmuHom). Hecmomama Ha cnoHmMaHHuUAa aBMoOUMyHeH Xu-
nomupeougu3bm e 13,3% npu muxkeme (10% cybrauHudeHr/ 3,3% aBeH) u 16,7% npu xxeHume (12,5% cyb-

KAUHUYeH/ 4,2% aBeH).

U3B6ogu: MNoryuerHume pe3yamamu Hu gaBam ocHoBaHue ga nogo3upame noBuweH puck om pazBumue Ha
aBmoumyHeH xunomupeougu3ibm NpU NayueHmume ¢ NpoAakmuHom. VimyHomogyaamopromo getcmBue Ha
npoaakmuta 68 cynpadguzuonrozuuHu HuBa Bepoamuo cbyuyacmBa B8 namozeHe3ama u KAUHUYHOMO NpomMuYa-
He HA AWT3 npu 2eHeMUYHO NpPegpPaA3NOAOXKEHU AUUA C NPOAAKMUHOM.

KaroyoBu gymu: nporakmurom; xunepnporakmuremus; aBmoumyHHu mupougHu 3aboaaBaus

BbBegeHue

ExcnepumeHmanHu in vitro npoyuBarua gemoHcm-
pupam MOWHOMO UMyHOMOgyAamopHo gelcmBue
Ha xopmoHa npoaakmuH (PRL) Bbpxy kaembuHO-Me-
guupaHua U XymopaaHua umyHeH omeoBop. To3u
epekm ce ocbwecmBaBa Ha HAKOAKO HuBa: upes3 pe-
2yaauua Ha T- u B-kaembuHama mamypauus, uHxubu-
paHe Ha HezamuBHama ceaekuua Ha aBmopeakmuB-
Hume B-aumcpouumu, cmumyaupaw, edekm Bbpxy
umyHoz2a06yauHoBama npogykuua u aHmuzeHHama

npe3eHmauun, aHmu-anonmomuyHo geticmBue (1-4).
Peguua o6cepBauuoHHu npoyuBaHua ycmaHoBaBam
XUNEPNPOAAKMUHEMUA NPU 3HAYUMEAEH NpoueHmM
nauueHmu c pazaudHu aBmoumyHHu 3a6oaaBaHus Ka-
mo cucmemeH Aynyc epumemamogec (SLE), peBma-
mougeH apmpum (RA), ckaepogepmus, CUHgPOM Ha
Sjogren, 6oaecm Ha Addison, mupeougum Ha
Hashimoto, ncopuazuc u gp. (5-8). Hakou u3caegoBa-
meaAcku koaekmuBu gopu Hamupam nozumuBHa Ko-
peAauua mexxgy npoaakmuHoBume HuBa u KAUHUYHA-
ma u UMYHOAO2UYHa akmuBHOCM Npu HAKOU Om me-
3u 3aboaaBanusa (SLE, RA, mHo>xecmBeHa ckaepo3a),
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gaBalku um ocHoBaHue ga nogo3upam BaxkHa poas
Ha PRL 6 maxHama namozexe3a (7, 9-11). EgHo HoBo
npoyuBaHe gemoHcmpupa no-Bucok puck om paz8u-
mue Ha cepo3um (Bcuuku popmu) U aHemua npu Xu-
nepnpoAakmuHeMuyHUmMe nayueHmu c Aynyc (12).
Om gpyea cmpaHa, o6pamHama 3aBucumocm - Kak-
Ba e yecmomama Ha aBmoumyHume 3aboaaBaHua
Nnpu AuUA € XunepnpoAakmuHemus, e Bce owe Hegoc-
mambuHo uzcaegBaHa. MNMybaukyBaHu ca maaku Arabo-
pamopHu cmyguu, ycmaHoBaBawu noBuweru HuBa
Ha pa3AudHU aBmo-aHmumeaa npu nNauueHmu ¢ pas-
AUYHU pOpMU Ha XunepnpoArakmuHemus (13,14). Kau-
HuuHUMe npoyuBaHua no mo3u Bvnpoc ce cBexkgam
go gBe maaku npocnekmuBHu cmyguu mun cayyad-
KOHMpoAa, ycmaHoBaBawu cuzHuukaHMHO No-20-
Aam 06em Ha wumoBugHama >kae3a, kKakmo u no-Bu-
coka Yyecmoma Ha Auuama ¢ nozumuBHu mupeougHu
aBmoaHmumeaa u Hogo3Ha cmpyma npu 6oaHuMe ¢
xunepnpoAakmuHemus (15, 16). B coomBemcmBue ¢
me3u AumepamypHU gaHHU ca U pe3yamamume om
egHo Hawe Bce owe HenybaukyBaHo pempocnek-
muBHo npoyuBaHe npu Geazulicku nauueHmu ¢ npo-
AAaKMUHOM, npu koemo ycmaHoBuxme AKWT3 npu
21,0% om yuacmHuuume (23,2% om >KeHume u
12,6% om mwbykeme) (17). Kamo ce 83eme nog BHuma-
Hue pazaukama 6 GogHua cmamyc Ha gBeme gbpxa-
Bu (beazua e cmpaHa ¢ Aek GogeH gecpuuum, boaza-
pusa - ¢ agekBameH UogeH npuem) gonycHaxme, ue
yecmomama Ha AVT3 cpeg 6bA2apckume nayueHmu
C npoAakmuHom e gopu no-Bucoka.

Mamepuan u memogu

M3Bbpwero Gewe pempocnekmuBHO Kpoc-cek-
yuoHHo npoyuBaHe npu 486 nauueHma Ha Bb3pacm
Hag 182., guagHOCMUUUpPaHU C NPOAAKMUHOM U NPOC-
AegeHu B unmepBana 19802.-20112. 8 eguH cneuua-
AU3UpPaH KAUHUYeH ueHmbp - YHuBepcumemckama
boaHuua no EHgokpuHoaozua u epoHmonozus, Co-
gua. M3noazBanu 6axa gBa ocHoBHU uzmouHuka Ha
gaHHU 3a yyacmHuuume 6 npoyuBaHemo: 6oAHUYHA-
ma uHopMayuoHHa cucmema, cbxpaHaBawa 6 enex-
mpoHeH Bug gaHHume om Bcuuku xocnumaauzauyuu
U XapmueHume nauueHmMcku gocuema (ucmopua Ha
3aboanaBaHemo), cbxpaHaBanu 8 6oaHuYHUA apxuB. B
npoyuBatemo 06axa BkAlOUEHU Camo NauUEHMU CbC
Cu2ypHa guazHo3a npoAakmuHom, nocmaBeHa Ha 6a-
3ama Ha cbBpemeHHUME NpenopbKU 3a guazHOCMU-
Ka u AedeHue Ha me3u xunoguiHu mymopu (18). N3-
2ybeHume om npocaegaBaHe, nouyuHaaume nauueH-
Mu, KaKmo U me3u € (PYUHKUUOHAAHA XunepnpoAak-
muHemusn, 6axa uzkaloueHu om npoyuBaHemo. Ao-
NbAHUMEAHU u3KAlUBawu Kpumepuu npu aHaAu3a
Ha mupeougHama gyHkuua 6axa owe: xunonumyu-
mapu3bm (HezaBucumo om cpopmama u mekecm-
ma), aHamHe3a 3a mupeougHa XupypaudHa uHmep-

BeHuua uau ekcnosuuua Ha BecakakBu cpakmopu ¢ no-
meHuuarHo BauaHue Bbpxy pyHKUUAMA Ha WUMO-
BugHama >kAe3a (upaguauua 6 wulHama obaacm,
npuem Ha Hakou AekapcmBa u gp.).

Haauuue Ha aBmoumyHHo mupougHo 3aboaaBaHe
(AUT3) bewe npuemo camo B cayyaume, omzoBapa-
WU Ha noHe 2 om cAaegHume kKpumepuu: 1. AucdyzHa
HEXOMO2€EHHa XUNOEX02eHHa exozpadpcka cmpykmy-
pa Ha wumoBugHama >Ae3a (c uau 6e3 HOgo3HU
npomeHu); 2. MozumuBHu aHmu-mupeougHu aBmo-
aHmumeaa (Hag 2opHama pegepeHmHa 2paHuua Ha
Hopmama cbobpa3zHo uznoazBarua kum): aHmu-mu-
peonepokcuga3zHu (AHmMu-TPO), aHmMu-mupeo2A06y-
AuHOBU (AHMU-TG) u/uau aHmu-TSH-peuenmopHu an-
mumeaa (TRAbs); 3. Hapywena mupeougHa yHK-
uusa Ha 6azama Ha 3anucume, kacaewu HuBama Ha
mupeoug-cmumyaupauwua xopmoH (TSH), cBo6ogHus
mupokcuH (FT,) u cBobogHua mpuliogmupoHuH
(FT;). CybkAUHUYHUAM Xunepmupeougu3bm bGewe
gegouHUpaH Kamo CbCMoAHUE CbC CynpecupaHu Hu-
Ba Ha TSH npu HopmaaHu HuBa Ha FT, u FT;; maHu-
tpecmeH (a6eH) xunepmupeouguzbm - Npu NOMUC-
Hamu HuBa Ha TSH 6 cbuyemaHue ¢ noBuweHu HuBa
Ha FT, u/uau FT;; cyOkAuHUUYEH Xunomupeougu3bm
- npu noBuweHu Hag 20pHama pepepeHmHa 2paHu-
ua HuBa Ha TSH u HopmaaHu HuBa Ha FT, u FT5; ma-
HudpecmeH (a6eH) xunomupeougu3zom - npu noBu-
weHu HuBa Ha TSH 6 cvuemaHue ¢ HamareHu nog
goAHama 2paHuua Ha Hopmama HuBa Ha mupeougHu-
me xopmoHu (19).

Obpabomkama Ha gaHHume Gewe u3zBbpuweHa c
nomowma Ha cmamucmuyecku nakem SPSS 3a
Windows Bepcua 16.0 (SPSS.Inc., Chicago, Il., USA).
MempuuHume npomeHauBu 6axa npegcmabeHu Ka-
Mo cpegHa CMOUHOCM U CMaHgapmHO OMKAOHEHUE
UAU Kamo meguaHa u mexxgykBapmuaeH pazmax 6 3a-
Bucumocm om paznpegeaeHuemo Ha uzBagkama (on-
pegeAeHo upe3 mecma Ha Koamoz2opoB-CmupHoB).
Hemempuunume npomerauBu 6axa npegcmaBenu
ype3 omHocumeAHu yecmomu (8 npoueHmu). 3a om-
kpuBaHe Ha pa3zAukume mexxgy 2pynume Ha nauvueH-
mume ¢ AUT3 u 6e3 AVT3 Bewe Nnpuro>KeH MOYHU-
am mecm Ha Duwep. 3a cmamucmuyecku 3Ha4uMu
6axa npuemanu HuBa Ha P < 0,01.

Pesynmamu

B npoyuBaHemo Gaxa BkaoueHu 486 nauyueHmu
om KaBka3zkama paca (430 >keHu u 56 mb>ke) Ha cpeg-
Ha Bb3pacm 33,1 £ 10,2 2. (14,2-75,0 2.) npu guazHo-
cmuuupaHemo Ha npoAakmuHoma u 40,3 = 10,5 e
(18,1-76,3 2.) Kbm MmOMeHMa Ha aHaAu3za. CpegHume
npoaakmuHoBu HuBa npu nocmaBaHe Ha guazHO3a-
ma npoaakmuHom O6axa 4791,39 mlU/l (meguaHa:
2550 mlU/I; unmepBaa: 1001 - 112 099 mIU/l). Max-
poageHomu (mymopu ¢ pazmep 2 10 mm) 6axa Buzya-
AU3UpaHu upe3 obpazHa guazHocmuka (CT uau MPT)
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Amanacka 1. EaenkoBa u compygHuyu

Tabauya 1. OchnoBHu xapakmepucmuku Ha nogzpynume: nauueHmu ¢ AUT3 cnpamo nauueHmu 6e3 AUT3.

Mayuenmu c Mauuenmu 6e3 | ToueH kpumepui
AUT3 (n=134) | AUT3 (n=352) Ha Fisher (P)
XKeHu/Mubixxe (cbomHoweHue) 128/6 (21:1) 302/50 (6:1) 0,002
Bw3pacm npu guaeHocmuuupaHe Ha NPOAAKMUHOMa, 209. 34,94+£10,0 32,40+10,2 0,005
Bv3pacm kbm momeHma Ha npoyuBaHemo, 20g. 40,90+10,7 38,66+11,0 0,008
MakpoageHomu, 6pot (%) 20 (14,9%) 65 (18,5%) 0,423
HeBpoxupypauuHo AeveHue, 6pol cayyau 16 (11,9%) 56 (15,9%) 0,318
[MPA npu guazcHoCMuyupaHe Ha NPOAAKMUHOMA, 5293 4567 0,908
cp. cmolHocm; uHmepBaa; miU/I (1002-112099) | (1001-87600)
Tabauya 2. Yecmoma Ha Xunomupeougu3bm npu pazaudHume Bv3pacmoBu 2pynu NAYUEHMU € NPOAAKMUHOM.
bpoi BwzpacmoBu zpynu
Mubxe/XeHu
18-39 20g. 40-59 2og. 60-79 2og.
(n=256; 15/241) | (n=164; 9/155) | (n=18; 6/12)
O6wo (CybKAuHUUYeH+516eH) 32 (12,5%) 36 (21,3%) 4 (27,8%)
Keru 30 (12,4%) 35 (22,6%) 3 (25,0%)
Muxe 2 (13,3%) 1(11,1%) 1(16,7%)
CyOKAUHUYEH XunoMuUpPeougu3bM 27 (10,5%) 24 (14,6%) 3(10,9%)
Kenu 25 (10,4%) 24 (15,5%) 2 (16,7%)
Mubxe 2 (13,3%) (0] 1(16,7%)
f16eH xunomupeougu3zbm 5 (2,0%) 12(6,7%) 1(7,1%)
Keu 5 (2,1%) 11 (7,1%) 1(8,3%)
Muvxe 1] 1(11,1%) 1]
Hecmoma Ha aBmoumyrHume mupougHu 3abo- npu 10,9 % (n=47) om >eHume u 67,8% (n=38) om mubxe-
AaBanua (AMT3) npu >keHume C NPOAAKMUHOM.
me. HeBpoxupypauuHa uHmepBeruua Gewe u3zBbpuweHa
YeHu 6e3 npu 72 nauuenmu (14,8%; 34 >xeHu/38 mbike). Xunonumyu-
AUT3, % mapu3zbm (Bcuuku hopmu € U3KAIOUEHUE Ha mpaH3UuMopeH

Yecmoma Ha aBmoumyHHume mupougHu 3aboas-
BaHua (AMT3) npu mbXkeme C NPOAAKMUHOM.

MbXke 6e3
AUT3, %

U30AUpPaH XuNepnpoAaKMUHeMUYeH XUNO20HAagoMponeH Xu-
noz2oHagusbm) Gewe peaucmpupad npu 9,9% om Bcuuku
yuacmHuuu (n=48; 42 onepupaHu u 6 HeonepupaHu).

Ha 6a3zama Ha 2openocoyeHume Kpumepuu ycmaHo-
Buxme AUT3 npu 27,6% om Bcuuku ydsacmBawu 8 npoyu-
BaHemo auua (n=134; 128 »xeHu/6 mb>Ke). Hecmomama Ha
AUT3 Bewe 29,8% cpeg »keHume u 10,7% cpeg mbxeme
¢ npoaakmutom (Dueypa 1). Mpu 57,5% om nauueHmume
guazHO3ama npoAakmuHom npegwecmBa XpPOHOAO2UYHO
uzaBama Ha ANT3 cbe cpegHo 4,02 2. (om 1 go 20 2.); npu
32,1% gBeme 3aboaaBaHua ca guazHocmuuupaHu egHo-
BpemeHHo u camo npu 10,4% nvpBo e guazHoCcMuUUpaHoO
ANT3. Auhy3zHa HEXOMO2eHHa Xunoexoz2eHHa cmpykmypa
Ha wumoBugHama xae3a npu yampazBykoBomo uzcaeg-
BaHe Gewe onucaHa npu 87,3% (n=117), a guy3Hu U Ho-
go3HU npomeHu - npu 12,7% (n=17) om nayueHmume c
AUT3. PecuoHaaHa wulHa aAumdgageHomezaaun bewe goky-
meHmupaHa npu 32,8% (n=44) om max.

Mo3zumuBHu aHmu-mupeougHu aBmo-aHmumesa 6naxa
HabAtogaBaHu npu 77,6% om nauyueHmume C goKymeHmu-

AUT3, %

224

EHgokpuHonoeust mom XX Ned / 2015



paHo AUT3: 94,2% om max (98 nauueHmMu) umaxa no-
3umuBHu Anti-TPO; 43,3% (45 nauuenmu) 6axa ¢ no-
3umuBHu Anti-TG u 6,7% (7 nauueHmu) 6axa c NOAO-
>kumeaHu TRAbs. Mpu ocmanaaume 22,4% (8 Auua c
HeeamuBHU aHMU-MUpeougHU aHMumeAa u 22 Auua
¢ auncBawu gaHHU OMHOCHO Me3u hapamempu)
guazHo3zama ANT3 bewe nocmaBeHa Ha 6a3zama Ha
egHoBpemeHHOMOo HaAuuue Ha exozpacku gudyzHa
HEXOMO2EHHA XUNOEeX02eHHa MupougHa cmpykmypa
U HapyweHa MupougHa PYHKUUA - CNOHMAHEH XU-
nomupeougu3bm (26 cay4aa CbC CYOKAUHUYEH U 4 C
aBeH xunomupeougu3bm).

AHaAu3bM Ha MupeougHama yHKuua ce Hazupa-
we Ha meguuyuHckume 3anucu Ha 438 navueHmu ¢
npoAakmuHom om 6oAHUYHama 6a3a gaHHu (408 >xe-
HU/30 mwbixke). CbobpazHO npomokoAa Ha npoyuBa-
Hemo nauueHmume C Xunonumyumapu3bm (n=48;
26 Mbxe/22 >KeHu) 6axa U3KAOYEHU Om MOo3u aHa-
AU3 C UeA ga ce uzbeeaHe HeEMoOYHa UHMepnpemauun
Ha HuBama Ha TSH (cpaawuBo Hucku HuBa npu nauu-
eHmume ¢ BmopuueH xunomupeougu3bm B8 pamku-
me Ha xunonumyumapu3bm). bazegoBa 6oaecm (xu-
nepmupeouguibm ¢ nozumuBHu TRAbs) Gewe pe-
2ucmpupaH Npu 7 >KeHU C NPOAAKMUHOM U NPU HUMO
eguH om mbxeme. Taka uzyucaeHama vyecmoma Ha
xunepmupeougu3ma bewe 1,72% cpeg >eHume ¢
npoAakmuHom u 1,59% cpeg Bcuuku Auua ¢ npoaak-
muHom. CmabuAHO eymupougHO CcbCcmosaHue (om
MOMEHMA Ha guazHOCMuuupaHe go MOMeHMa Ha u3-
BbpwBaHe Ha npoyuBaHemo) umawe npu 50
(41,1%)om Bcuuku nauueHmu ¢ AUT3.

N3B8vpwuxme cpaBHumeneH nogzpynoB aHaauj
mexgy nauueHmume ¢ AVT3 u me3u 6e3 ANT3
(Tabauua 1). Kamo ce uzkatouu maako no-Bucokama
cpegHa Bb3pacm u 4 nbmu no-Bucoko cbomHowe-
Hue >KeHu-mbxe npu nayueHmume c ANT3, gBeme
2pynu 6axa cpaBHumu N0 omMHOWeHUe Ha NPoAaKMU-
HoBume HuBa, npoueHmMa Ha Auua ¢ MakpoageHoOMU U
npemuHaAume HeBpoxupypauvuHa uHmepBeHuus.

Yecmomama Ha CnOHMaHHUA XUNomMupeougu3bm
6 uzcregBaHama koxopma bewe 16,4% (n=72), cbom-
BemHo 13,3% (10% cybrauHuueH/ 3,3% abeH) cpeg
mouxkeme u 16,7% (12,5% cybkauHudeH/ 4,2% aBeH)
cpeg >keHume ¢ npoaakmuHom. CpegHama gHeBHa
cybcmumyupawga gosza AeBomupokcuH Gewe 65,6t
3,5 kg (MmuHumaaHa: 12,5, makcumanra 175 g). Yecmo-
mama Ha xunomupeougu3zbm npu pasaudHume Bb3-
pacmoBu epynu e npegcmabena 6 Tabauua 2. Yecmo-
mume Ha cnoHmMaHeH NbpBuyeH Xunomupeougu3ibm
npu »keHume ¢ npoaakmuHom 6 cpaBHeHue ¢ gaHHUMe
3a obwama nonyaauua no gekagu ca npegcmabeHu
6866 Muaypa 2. MNMpu mbkeme makbB aHaau3 He bewe
u3BupweH nopagu maakus 6pol auua 8 nogepynume.

AeBem nauuenma (10,5%) om 6a3zama gaHHu 6a-
Xa C guazHOCMUUUpaHo gpyz2o aBmoumyHHO 3a60As-
BaHe u36bH mupeougHama aBmoumyHHa hamoaoaua:
3 cAyvas cbe cuHgpom Ha PeliHo, 2 ¢ muacmeHus 2pa-
Buc u 4 ¢ aBmoumyHHU NOAU2AAHGYAAPHU CUHGPOMU.

ObcvikgaHe

Bonpeku, yue wumoBugHama >kAe3a e ,Hau-npeg-
noyumaHuam” aBmoumyHeH mapzem 6 uoBewkus
opezaHu3bm, yecmomama Ha AVT3 cpeg obwama no-
nyAauusa He e HanbAHO ymouHeHa (20, 21). Nocoue-
Hume B Aumepamypama yecmomu Bapupam 6 wu-
poku 2paHuuu 6 3aBucumocm om 2eozpadckun peau-
oH, Bb3pacmma u pacama Ha ydyacmHuyume, Kakmo
U Hamecama Ha 2eHemuYHU U pa3HoobpazHU hakmo-
pu Ha cpegama (22). B gonbaHeHue Ha moBa, He Gu-
Ba ga ce npeHebpezBam 3HauumeAHume paszauyuA
mexxgy nybaukyBaHume cmyguu nO omHoweHue Ha
mexHua gu3adH, uzcaegBaHama nonyaauua u U3NoA3-
Batume AabopamopHu memogu. PazaudHuam GogeH
npuem e gpyz BaxkeH gpakmop, koimo mpabBa ga ce
B3eme nog BHumaHue, MbU Kamo Gogbm e hakmop
C gokazaHo umyHomogyaamopHo geacmBue 6 mupo-
ugHua aBmoumyHumem. Peguua npoyuBaHua nokas-
Bam nozumuBHa kopeaauus mexkgy noBuweHua Go-
geH npuem u pucka om pa3zBumue Ha aBmoumyHeH
xunomupeougu3bm (23-25).

Bbaeapua e egHa om EBponelickume cmpaHu ¢
onmumaaHa logHa cynaemeHmauusn, BkAloUUMEAHO U
Ha puckoBume 2pynu (cpegHa Gogypusa npu yyeHu-
uume 198 ug/l; npu 6pemeHume - 165 ug/l) 8 pezya-
mam Ha BvBegeHama npe3 1958 2. HauuoHaaHa
npozpama 3a npocpuaakmuka ¢ logupaHa mpanes3Ha
coA (26-28). B nonyaauuoHHO 6ba2apcko npoyuBaHe,
u3zBopweHo npe3 2012 2. Bvopxy 1887 Auua Ha Bb3-
pacm 20-80 2. (953 xeHu/934 mbxxe) noumuBHu aH-
mu-TPO-aBmoanmumena ca ycmanoBeHu npu 23%
om >xxeHume u 10% om mbxxeme (29). [NpoueHmume
ca nogobHU Ha Me3u Npu HawWuUmMe nauueHmu ¢ NpPo-
AaKmMuHom u gocma no-Bucoku om uumupaHume 8
nonyaauuoHHU cmyguu, u3BbpweHu 8 cmpanu ¢ no-
gobeH Ha bbazapua GogeH cmamyc Kamo Hanpumep
FepmaHua (7%) u ABcmpaausa (11,9%) (30, 31). Te ca
gopu no-Bucoku om nybaukyBaHume B8 aumepamy-
pama gaHHU 3a pe2uoHu c togeH BHoc, npeBuwabauw,
onmumaaHua kamo CALL| (no3umuBHu aHmu-mupeo-
ugHU aHmumeaa npu 17% om >xeHume u 8,7% om
mbXkeme) (32) u Hakou padoHu Ha fnoHus (13,9-
14,2% om xeHume u 6.5-7.2% om mbxxeme) (33, 34).
[Mo-uHmepeceH e pakmbm, ve NOgobHO Ha npeg-
wecmBawume Hu npoyuBaHua, npu Koxopma bea-
2ulcku nayueHmu ¢ npoAakmuHom (17), uecmomama
Ha nbpBuuHuA XUnomMupeougu3bM U NPU Hawume
6oAHU Gewe no-Bucoka, gokamo yecmomama Ha Xu-
nepmupeougu3ibm Gewe cpaBHuma ¢ ma3u 6 obwa-
ma nonyaauua cnopeg nybaukyBanume npoyuBaHus
(35-40). N3caregoBameaume om 2o0pe-uumupaHo-
mobbAcapcko npoyuBaHe ycmarnoBaBam xunomupeo-
uguzvm npu 7,7% om >xkeHume (4,5% cybkauHuueH/
3,2% aBeH) u 3,1% om mbxeme (2% cybrauHuueH/1,1
% aBeH) (29). B npegwecmBawo enugemuoA02UuH4HO
npoyuBane, uzBvupwero npe3 20062. 6 bvazapus, ¢
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AmaHacka 1. EnenkoBa u cempygHuyu

Yecmoma Ha Xunomupeougu3bm Npu >keHume ¢ NPOAAKMUHOM
no gekagu 6 cpaBHeHue c obwama nonyaauusa.
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[ XKeHu (06wa nonynayus)*
I KeHu ¢ nponakmuHom

* AaHHU om enugemuoAro2udHo npoydBare Bbpxy HenogbpaHa
6bAeapcka nonyaauua (Borissova u comp. 2006 2.)

xunomupeougu3bm ca 9% om xeHume (5,4% HoBoguazHocmu-
uupaH; 3,6% uzBecmeH) u 3% om mwbxeme (2,5% HoBoguae-
HocmuuupaH; 0,5% uzBecmet) (35). B cpaBHeHue ¢ me3u gan-
HU NpU Hawume nayueHmMu C NPOAAKMUHOM ce HabatogaBam
3HaYumeAHo no-Bucoku vecmomu Kakmo Ha CybBKAUHUYHUS,
maka u Ha aBHua xunomupeougu3zbm u npu gBama noaa.
boarecmHocmma om xunomupeougu3ibm ce yBeauuaBa c
Bb3pacmma, kakmo noka3zBam peguua npoyuBaHua (38-41).
Hue cbwo HabaogaBame mazu meHgeHyua npu Hawume nauu-
€HMU C NPOAAKMUHOM, Kamo Yecmomume ocmaBam cuzHudpu-
kaHmHo no-Bucoku om me3u 8 cbomBemHama Bb3pacmoBa
2pyna om obwama nonyaauus, 6azupalku ce Ha bbazapckomo
enugemuoAo2u4Ho npoyuBaHe om 2006 2. (36).

3akaloyeHue

MoAayyeHume pezyamamu Hu gaBam
ocHoBaHue ga nogo3upame poaa Ha cyn-
pagpuzuoro2udHume HuBa Ha npoAakmu-
Ha 8 namozeHe3ama u KAUHUYHOMO NPO-
muyaHe Ha AVT3 npu 60AHUME C npoAak-
mutom. Om gpyea cmpaHa, OmHOCUMeA-
HO MmaAkuam Opol Ha u3zBagkama, Bb3-
MO>XHOMO BAuaHUE Ha pazAudHU PaKkmo-
pu (mupeougHa yYHKUUA, AEYEHUE C Ae-
BomupokcuH uau gonamuHoBu azoHucmu,
2eHemuyHa npegucno3uuua u gp.), pasz-
AUYHUMe AabopamopHU memogu He No3-
Boauxa u3zBbpwBaHemo Ha Koperauuo-
HeH aHaAu3 mexxgy HuBama Ha npoAakmu-
Ha u HuBama Ha aBmo-aHmumeaama. He
MOXKeM ga npeHebpeaHem u ocHoBHume
Hegocmambuu Ha pempocnekmuBHume
npoyuBarua: B63MOXKHOCM 3a OMKAOHE-
Hue u 2pewka B peyamam Ha npeceaek-
uua u Hepazno3zHamu HamecmBawu ce
pakmopu, auncBawu gaHHU npu Yacm om
ydacmuuyume, Kakmo u Auncama Ha nog-
X0gaw@a KOHMpPOAHa 2pyna. B gonbaHeHue
Ha moBa e HYKHO ga ce noguyepmae u
meHgeHuuama 3a 3auecmaBare Ha aBmo-
umyHHume 3aboaaBaHun (42). Heobxogu-
mu ca npocnekmuBHu npoyuBaHua mun
CAyYal-KOHMpPoOAA C NOGXOgAaW, guzadH 3a
no-HamambWwHOMo ymouHaBaHe Ha mo3u
npobaem.

He3zaBucumo om 2opeu3zbpoeHume oe2-
paHuueHus, Gazupalku ce Ha Hawume
gaHHU npenopbuyBame  pPyYmuUHeH CKpu-
HuH2 3a AUT3 ¢ uznoa3zBaHemo Ha AecHu
u gocmwnHu mecmoBe (TSH, AHmu-TPO-
Abs u yampazBykoBo uzcregBaHe Ha wu-
moBugHama >Ae3a) npu Bcuuku nauue-
Mu, guazHOCMUUUPAHU C NPOAAKMUHOM.
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Background: Prolactin has been shown to act as a potent immunomodulator influencing both cellular and
humoral immune responses at many levels: regulation of the T- and B-cell maturation, inhibition of the negative
selection of autoreactive B cells, stimulatory effect on immunoglobulin production and antigen presentation.

Aim: Assessment of the prevalence of autoimmune thyroid diseases (AITD) among patients with prolactino-

mas.

Materials and methods: The medical files of 486 patients (430 females and 56 males) diagnosed and followed
up at a single tertiary centre were analyzed in a retrospective cross-sectional design.

Results: AITD were found in 27,6% of all study participants (29,8% among females and 10,7% among males).
Hyperthyroidism was found in 1,59% of all investigated subjects (1,72% among females). The prevalence of
hypothyroidism was 13,3% in men (10% subclinical/ 3,3% overt) and 16,7% in women (12,5% subclinical/ 4,2%

overt).

Conclusions: Based on these results we could suggest an increased risk for development of autoimmune
hypothyroidism in subjects with prolactinomas. Immunomodulatory action of supraphysiologically increased pro-
lactin may be a probable co-factor in the pathogenesis and the clinical course of AITD in genetically predisposed

subjects with prolactinomas.

Key words: prolactinoma; hyperprolactinemia; autoimmune thyroid diseases

Introduction

Experimental in vitro studies have demonstrated
the potent immunomodulatory action of prolactin
(PRL) on both cellular and humoral immune responses
at many levels: regulation of the T- and B-cell matura-
tion, inhibition of the negative selection of autoreac-
tive B cells, stimulatory effect on immunoglobulin pro-
duction and antigen presentation, and anti-apoptotic
action (1-4). Many observational studies have found
hyperprolactinemia in a substantial proportion of
patients with different autoimmune disorders such as
lupus erythematodes (SLE), rheumatoid arthritis (RA),
systemic sclerosis, Sjogren's syndrome, Addison's dis-
ease, Hashimoto's thyroiditis and psoriasis (5-8). Some

researchers have revealed a positive correlation
between prolactin levels and disease activity in
patients with SLE, RA and relapsing-remitting multiple
sclerosis suggesting an important role of PRL in the
pathogenesis of these autoimmune disorders (7,9-11).
Another new study has shown that hyperprolactinemia
in lupus patients is associated with all types of serositis
and anemia (12). On the other hand, the reverse cau-
sation is still almost unexplored. Elevated levels of dif-
ferent auto-antibodies in subjects with hyperpro-
lactinemia have been reported in a few small labora-
tory studies (13, 14). There are two recently published
small clinical prospective case-control studies report-
ing significantly increased thyroid volume, thyroid
autoimmunity and nodule prevalence in patients with
hyperprolactinaemia (15, 16).
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In accordance with the above mentioned literature
data our previous still unpublished retrospective obser-
vational study has shown a high prevalence of autoim-
mune thyroid diseases in Belgian patients with pro-
lactinomas (17). Based on these findings we conducted
a retrospective study with a similar design in Bulgarian
prolactinoma patients. Assuming the difference in the
iodine status of two countries (mild iodine iodine defi-
ciency in Belgium vs. adequate iodine intake in Bulgar-
ia) we hypothesized that the prevalence of AITD may be
even higher among Bulgarian patients.

Materials and methods

A retrospective cross-sectional study was undertak-
en in 486 patients aged = 18 years, diagnosed with
prolactinoma and followed up between 1980 and 2011
at a single tertiary referral centre: the University Hospi-
tal of Endocrinology, Sofia, Bulgaria. Patients' data were
collected from two main sources: the Hospital Informa-
tion System and the Hospital Archives. Only subjects
with diagnosis prolactinoma based on the current guide-
lines were enrolled (18). Patients who were lost-to-fol-
low up, subjects with documented death before study
enrolment and all patients with hyperprolactinemia of
non tumoral origin were excluded from the study.
Hypopituitarism (in spite of the form and severity), past
history of thyroid surgery or exposition to any factors
with possible impact on thyroid function (radiation of
the neck region, drugs, etc.) were additional exclusion
criteria regarding the analysis of thyroid function.

The simultaneous presence of at least two of the fol-
lowing criteria were obligatory to accept the diagnosis
of AITD: 1. Diffuse non homogenous hypoechogenic
ultrasound pattern (with or without nodular changes);
2. Positive anti-thyroid auto-antibodies (above the
upper limit of normal range): anti-thyreoperoxidase
(Anti-TPO), anti-thyroglobulin (Anti-TG) and/or anti-
TSH-receptor antibodies (TRAbs); 3. Impaired thyroid
function based on records for serum levels of thyroid
stimulating hormone (TSH), free thyroxine (FT,), and
free triiodothyronine (FT;). Subclinical hyperthyroidism
was defined as a suppressed serum TSH accompanied
by normal FT, and FT; levels (19). Patients with sup-
pressed TSH levels and elevated FT, or/and FT; levels
were considered to have an overt hyperthyroidism.
Subclinical hypothyroidism was defined as an increased
TSH above the upper reference range with both normal
FT, and FT;. Subjects with elevated TSH and decreased
levels of thyroid hormones were classified as presenting
an overt hypothyroidism.

Data processing was performed using SPSS for
Windows v.16.0 (SPSS.Inc., Chicago, Il., USA). Metric
variables were described by arithmetic mean and stan-
dard deviation or median and interquartile range IQR
depending on the normality of sample distribution
(which was assessed by the Kolmogorov-Smirnov test).
Non-metric variables were presented by relative fre-

quency distribution (in percentages). Fisher's exact test
was used to detect differences between patients with
AITD and these without AITD group in the prevalence
of AITD. Two-sided P-values less then 0,01 were con-
sidered statistically significant.

Results

The study cohort consisted of 486 Caucasian pro-
lactinoma patients (430 women and 56 men) with a
mean age of 33,1£10,2 years (14,2-75,0 years) at diag-
nosis and 40,3£10,5 years (18,1-76,3 years) at study
enrolment. The mean prolactin (PRL) levels at diagno-
sis were 4791,39 mlU/I (median: 2550 mlU/I; range:
1001-112 099 mlU/l). Macroadenomas (tumor size
210 mm) were identified (by CT or MRI) in 10,9%
(n=47) of females and 67,8% (n=38) of male patients.
Seventy two patients (14,8%; 34 women/38 men)
underwent neurosurgery. Hypopituitarism (all forms
except the transitory isolated hypogonadotropic
hypogonadism) was registered in 9,9% of all subjects
(48 patients; 42 operated/ 6 non operated/.

We found AITD in 27,6% of all study participants
(n=134; 128 women/6 men). The prevalence was
29,8% among females and 10,7% among the male
subgroup (Figures 1A, 1B). In 57,5% of the patients,
diagnosis of prolactinoma preceded the development
of AITD with a mean period of 4,02 years (from 1 up
to 20 years); in 32,1% both diseases were simultane-
ously diagnosed and only 10,4% of patients were diag-
nosed first with AITD. Diffuse non homogenous
hypoechogenic thyroid pattern was found in 87,3%
(n=117) and the simultaneous presence of diffuse and
nodular changes in 12,7% (n=17) of our patients with
AITD. Regional neck lymphadenomegaly was docu-
mented in 32,8% (n=44) of them.

Positive anti-thyroid auto-antibodies were found in
77,6% of patients with documented AITD: 94,2% of
them (98 patients) had positive Anti-TPO; 43,3% (45
patients had positive Anti-TG and 6,7% (7 patients) were
TRAbs positive. The diagnosis of AITD in the rest 22,4%
(8 negative and 22 subjects without records of antithyroid
autoantibody levels) was based on the obligatory simul-
taneous presence of diffuse non homogenous hypoe-
choic thyroid structure on ultrasound examination and
spontaneous hypothyroidism (26 subclinical/4 overt).

Analysis of the thyroid function was based on the
medical records of 438 prolactinoma patients (408
females/30 males). According to protocol, patients with
hypopituitarism (n=48; 26 men/22 women) were
excluded from this analysis in order to avoid an incor-
rect interpretation of TSH values. Graves' disease
(hyperthyroidism with positive TRAb) was found in 7
female patients and none of the males. Thus, the calcu-
lated prevalence of hyperthyroidism was 1,72% among
all women and 1,59% of all investigated subjects
respectively. Stable euthyroid state from the diagnosis
to the study enrolment was registered in 50 of all
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Table 1.  Main characteristics of the subgroups: patients with AITD vs. patients without AITD.

Patients with Patients without | Fisher's
AITD (n=134) AITD (n=352) exact test (P)
Females/males (ratio) 128/6 (21:1) 302/50 (6:1) 0,002
Age at diagnosis of prolactinoma, years 34,94£10,0 32,40£10,2 0,005
Age at study entry, years 40,90+10,7 38,66+11,0 0,008
Macroadenomas, number (%) 20 (14,9%) 65 (18,5%) 0,423
Neurosurgery, cases number (%) 16 (11,9%) 56 (15,9%) 0,318
PRL at diagnosis of prolactinoma, mean (range); miU/! 5293 4567 0,908
(1002-112099) | (1001-87600)

Table 2. Frequency of hypothyroidism among different age groups of patients with prolactinomas.

Number (%) Age groups
Males/Females
18-39 years 40-59 years 60-79 years

(n=256; 15/241) | (n=164; 9/155) | (n=18; 6/12)
Total (Subclinical + Overt) 32 (12,5%) 36 (21,3%) 4 (27,8%)
Females 30 (12,4%) 35 (22,6%) 3 (25,0%)
Males 2 (13,3%) 1(11,1%) 1(16,7%)
Subclinical hypothyroidism 27 (10,5%) 24 (14.6%) 3(10,9%)
Females 25 (10,4%) 24 (15.5%) 2 (16,7%)
Males 2 (13.3%) %) 1(16,7%)
Overt hypothyroidism 5 (2,0%) 12(6,7%) 1(7,1%)
Females 5(2,1%) 11 (7,1%) 1(8,3%)
Males 1] 1(11,1%) 0]

Prevalence of autoimmune thyroid diseases
(AITD) in women with prolactinomas.

Females with
AITD, %

patients with AITD (41,1%).
We performed a comparative subgroup analysis between
prolactinoma patients with AITD and these without AITD
(Table 1). Except for the significantly higher mean age and
four times higher female-to-male ratio both subgroups did
not differ statistically as regards mean PRL levels, the per-
Females  centages of subjects with macroadenomas and those who
without underwent neurosurgery.

AITD. % The prevalence of hypothyroidism was 16,4% (n=72) in

’ our cohort: 13,3% (10% subclinical/ 3,3% overt) among

Prevalence of autoimmune thyroid diseases men and 16,7% (12,5% subclinical/ 4,2% overt) among
(AITD) in men with prolactinomas. women with prolactinomas. The average daily substitutive
Males with dose of levothyroxine was 65,6£33,5 g (range: 12,5-175 g).

ANT3, % . Frequencies of hypothyroidism among different age groups
. . are presented at Table 2. Frequencies of spontaneous pri-
mary hypothyroidism in women with prolactonomas by
decades in comparison with the general population are
shown at Figure 2. We did not perform this analysis in male

patients because of their small number.
Nine patients (10,5%) were diagnosed with other autoim-
Males mune diseases: 3 cases with Raynaud's syndrome, 2 patients
without with myasthenia gravis and 4 subjects with poliglandular

AUT3, % autoimmune syndromes.
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Frequency of hypothyroidism in women with prolactinomas
(by decades) compared to general population.

20-29

I Women (general population)*
B Women with prolactinomas

30-39 40-49 50-59 60-69

* Data from epidemiological study in unselected Bulgarian population
conducted in 2006 by Borissova et al.

Discussion

Although the thyroid gland is the most preferable target for the
autoimmune process the prevalence of AITD among the general
population is not well established (20,1). Literature data vary wide-
ly depending on geographic region, age, sex, race, genetic, and
other environmental factors (22). In addition, we should not
neglect the considerable differences between the epidemiological
studies in their design, patient population and laboratory methods.
Different iodine intake is another important factor that should be
taken into consideration. lodine is a proven modulator of the thy-
roid autoimmunity and its high intake has been shown to predis-
pose to autoimmune hypothyroidism (23-25).

Bulgaria is one of the European countries with optimal
iodine intake including risk population groups (median Ul in
school-age children 198 pg/l; in pregnant women - 165 ug/l) as
a result the National prophylaxis program with iodized table salt
implemented in 1958 (26,27,28). In the population-based Bul-
garian study, conducted in 2012 on 1,887 subjects, 20-80 years
(953 females/934 males) anti-TPO antibodies positivity was
found in 23% of females and 10% of males (29). These per-
centages are comparable to the results of our prolactinoma
patients but are significantly higher then these cited in studies
conducted in countries with similar iodine status such as Ger-
many (7% TPO-Abs positivity) and Australia (11,9%) (30, 31).
Similarly with our previous Belgian prolactinoma study the
prevalence of anti-thyroid autoantibody positivity in both male
and female Bulgarian patients with prolactinomas was even
higher than the percentages reported in regions with more than
adequate iodine intake such as the USA (TPO positivity in 17%

of females and 8,7% of males) (32) and some
regions of Japan: 13,9%-14,2% of women and
6,5%-7,2% of men (33, 34).

Of more interest is the fact that similar to
our previous investigations among Belgian pro-
lactinoma patients (17), we found increased
frequency of primary hypothyroidism in our
patients whereas the frequency of hyperthy-
roidism was comparable to this in the general
population according to community-based
studies (35-40). According to the above-cited
Bulgarian study the investigators found
hypothyroidism in 7,7% of women (4,5% sub-
clinical/3,2% overt) and 3,1% of men (2% sub-
clinical/1,1% overt) (29). In a previous Bulgari-
an epidemiological study conducted in 2006
hypothyroidism was observed in 9% of women
(5,4% newly diagnosed; 3,6% known) and 3%
of men (2,5% newly diagnosed; 0,5% known)
(35). Compared to these data our results show
significantly higher frequencies not only of sub-
clinical but also of overt hypothyroidism in
patients with prolactinoma of both sexes.

The prevalence of hypothyroidism increases
with age as has been shown by many studies (38-
41). We also found this trend in our patients but
the frequency of hypothyroidism remains signifi-
cantly higher in each age group compared to the
general population using the data of the Bulgari-
an epidemiological study from 2006 (36).

Conclusions

Based on these findings a possible role of
supraphysiologically increased prolactin levels in
the pathogenesis and the clinical course of AITD
in patients with prolactinomas can be suggested.
On the other hand, the small sample, possible
impact of certain factors (thyroid function, treat-
ment with levothyroxin or dopamine agonists,
genetic predisposition, etc.), and different labo-
ratory methods did not allow the performance
of correlation analysis between the levels of pro-
lactin and auto-antibodies. We can not neglect
the main limitations of the retrospective studies
(risk of selection bias and unrecognized con-
founding variables, missing data, etc.), as well as
the lack of an appropriate control group. In addi-
tion, we should take into consideration the trend
toward rising incidence rates of the autoimmune
disorders (42). Well-designed prospective case-
control studies are needed for further research
on this topic.

Despite the above-mentioned limitations
based on our data would recommend routine
screening for AITD with simple thyroid tests
(TSH, TPO-Abs and ultrasound examination) in
all patients diagnosed with prolactinoma.
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