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3 200U e EHgokpuHono2ud

YBarkaemu KoaAezu,

Cnucarue ,EHgokpuHoao2ua” HaBbpwu yemBbpm cmoaemue. 3a 25 2oguHu 6axa uzgageHu 100 Gpoa,
cpegHo no 60 cmpaHuuu Bceku uau Hag 6 000 cmpaHuuu, CbgbpyKawu OPU2UHAAHU HAyYHU cmamuu u 0630pu
no akmyaaHu npobaemu Ha eHgokpuHoaozuama 666 Bcuukume G pazgeau. Te ompazaBam nocmuxkeHuama Ha
ObA2apckama Hayka 3a CbWua Nepuog, Koemo uma He camo uHdgopmamuBeH xapakmep, Ho npegcmabBanBa
CMUMUYA 3a nocaegBawu Hay4uHu npoyyBanua. NMoBeuemo om max umam npakmuyecko NPUAOXKEHUE U Ca OC-
HoBa 3a npuemaHemo Ha NPenopPbKU U aA20puUMMU 3a cbBpemeHHa guazHOCMUKa, AedeHue U NPoUAaKMuUKa
Ha Hal-yecmume eHgoKpuHHU 3aboaaBaHus, kakBumo ca 3axapHuam guabem, 3amabcmaBatemo, Gog-gedu-
uumuume u aBmoumyHHume mupeougHu 3aboaaBarua. MNMybaukauuume umam BaxkeH npuHoc 3a uzpacmBate u
amecmupaHe Ha akagemudyHume kagpu 8 meguuuHckume yHuBepcumemu y Hac, Kakmo u 3a nonyaapusupaHe
Ha ObA2apckama eHgoKpUHOAO2UA B MexkgyHapogeH NAaH.

HauaaHume 2oguHu Ha u3zgaHuemo 6axa cBbp3aHu ¢ peguua MpygHOCMU U AuNca Ha gocmamwbuHo 6b3-
moxkHocmu. Te 6axa npeogoAaHu ¢ HampynaHua 666 Bpememo onum, BkAlOUUMEAHO C u32paykgaHe Ha napm-
HbOPCKO CcbmpygHudecmBo ¢ npegcmaBeHume y Hac hapmaueBmuyHu KOMNaHuu 3a nNonyaapu3upaHe Ha
cbBpemeHHu cpegecmBa 3a AedeHue U KOHMPOA Ha eHgokpuHHUMe 3a6oaaBanun. Ha gBa nbmu cn. ,,EHgokpuHo-
Aoeun” 6e HomupaHo om MuHucmepcmBomo Ha Haykama u obpazoBaHuemo Ha nbpBo macmo cpeg gpyaume
MegUUUHCKU U3gaHua y Hac. To noAyyu npu3HaHue u 8 mexxgyHapogeH naaH upe3 uHgekcupademo my 8 peguua
aBmopumemHu mexkgyHapogHu pedpepamuBHu azeHuuU.

Mo3Boaeme mu kKamo gbA2o2oguweH 2aaBeH pegakmop Ha cn. ,EHgokpuHoaoz2ua” npe3 nbpBume 18 20-
guHu om u3Au3aHe Ha nbpBua my 6pod, ga 6aazogapa Ha Bcuuku, kKoumo gonpuHecoxa 3a ymBbpykgaBanemo
My Kamo egHo om Bogewume HayuyHU u3gaHua No meguuuHa y Hac. [NoxxeaaBam Ha 2aaBHua pegakmop u Ha
HacmoAawama pegakyuoHHa KoAea2ua ga npogbakam ycnewHomo pazBumue Ha cnucaHuemo 6 noaza Ha Gba-
2apCcKume AeKapu-eHgoKPUHOAO3U.

24.10. 2020 e. IMpod. g-p boaH AozaHoB,
MoyemeH aBeH pegakmop

25 years  jounal Endocrinologia

The Journal ENDOCRINOLOGIA is now a quarter of a century old. Over the course of the last 25 years 100
editions have been issued with an average of 60 pages each or well over 6,000 pages in total covering original
research articles and reviews on topical problems of endocrinology covering all of its aspects. They have reflected
the achievements of Bulgarian science during the same period, being not only informative as such, but serving as
motivators for further scientific quests. The majority of the papers are of practical application and make a basis for
accepting recommendations and algorithms for modern diagnostics, treatment and prevention of the most frequent
endocrine diseases such as diabetes, obesity, iodine deficiency and autoimmune thyroid diseases. The publications
have made a significant contribution to further educating and certifying academic staff in our Medical Universities
as well as to drawing attention to Bulgarian endocrinology abroad.

In the early years the publication had to cope with a number of difficulties and a lack of sufficient capacities.
Those have been overcome thanks to the accumulating experience, including relations of partnership with the
pharmaceutical companies based in this country, in order to disseminate up-to-date means of treatment and control
of endocrine diseases. ENDOCRINOLOGIA has twice been nominated by the Bulgarian Ministry of Science and
Education as the number one medical journal in this country. It has also been recognized on an international scale
through its indexation in a number of authoritative foreign referent agencies.

In my capacity as a long-standing Editor-in-Chief of ENDOCRINOLOGIA over the first 18 years since its first issue,
please allow me to thank everybody who has contributed to its establishment as one of the leading scientific publi-
cations in Bulgaria's medical circles. | also wish the present Editorial Board and Editor-in-Chief success in continuing
with the successful development of the Journal for the continued development of Bulgarian doctors of endocrinology.

24.10. 2020 Prof. Bojan Lozanov, MD, PhD
Honorary Editor-in-Chief

Endocrinologia vol. XXV N¢4/2020




PegakyuonHo/Editorial

Ckbnu KoAeeu u qumameaud,
Beue 25 20guHu cnucaHue ,EHgokpuHoro2ua” - aBmopumemHusm nevamen opeaH Ha BAE 3ae-
Ma gocmouHo macmo B 6bAzapckama meguuuHcka nepuoguka 6aazogapeHue Ha Bucokomo Hay4vHO
HuBo, akmyaaHocm u 3Havumocm Ha nybaukyBaHume mamepuaau.
Hacmoawua obureeH 6pol - ugeeH 3amucovAa Ha npo. Ao3aHoB, nocBewjaBame na nHezoBua
mBopyecku nem u pazBumuemo Ha 6bA2apckama mupeougoAozuaA.
[pop. g-p Mapua OpbeyoBa, eraBeH pegakmop

Dear colleagues and dear readers,

During the past 25 years the journal ,Endocrinologia”, which is the authoritative publication of the Bul-
garian Society of Endocrinology, has earned it's worthy place amongst Bulgarian Medical periodicals. This
has been achieved due to the scientific excellence, relevance and importance of it's published materials.

This Jubilee issue, originally conceived by Prof Lozanov, is dedicated to his creative work in the
development of Bulgarian thyroidology.

Prof. Maria Orbetzova, Editor-in-Chief

,Koemo e cvc 3gpaBa ocHoBa,
He Moxke ga bbge U3KOpEeHEeHO.

Koemo e cepabuero 3gpabo,

Omuge cu lNpodgh. boan Ao3aHoB. HE MOXKE ga Ce U3nAB3He. )
6 LL[e 20 no4uma noKoAeHue CAeg NOKoAeHue.
Haw y4yumea, arekap, yoBek u y4eH. a0 A3t , Aao gb A3un”

Yuumeaam boax Ao3zaHoB Hu nocouu nbma 8 meguuuHama. Tol HU NOMO2HA ga OMKPUEM MACMOMO, AO2U-
Kama, Kpacomama u o4apoBaHuemo Ha eHgoKpUHOAO2UAMA U ga CU U32pagum OMHOWEHUE KbM Ma3u MaAka,
HO moaAkoBa BaxkHa wumoBugHa »ae3a. [Npogecop Ao3zaHoB gage 3gpaBama ocHoBa Ha HAKOAKO NOKOAEHUA
6'bA2apCKU eHgOKPUHOAO3U, pabomuau nog He2oB0 pbkoBogcmBo 6 Kaunukama no mupeougHu u memaboaum-
HU kocmHu 3a6oaaBarun Ha YCBAAE, no-uzB8ecmna kamo , TupeougHa KAUHUKA”.

Aekapam bosaH Ao3zaHoB HU Hayuu Ha omHoweHue Kbm 6oaHua YoBek B HezoBomo ¢uzuvecko u gyweBHo
eguncmBo. Bogewo B8 kauHuuHama my paboma 6ewe B3aumHomo yBaxkeHue mexkgy Aekap u hauueHm. Tol
He gonycHa HaBAuzawomo 6 nocregHume gecemuaemua MeXHOKPAMCKO OMHOWEHUE KbMm MeguuuHama ga
Hapywu npaBurama Ha kaacuveckama Gbazapcka nponegeBmuuHa wkoaa, om koumo ce Bogewe - ,KoUMo
gobpe pazgnumBa u npeaaexkga, nocmaBa npaBuaHa guazHo3a”. Bcuuku nomHum akagemuuHume Buzumauuu 8
KauHukama, Ha koumo noHakoea ce npezoBapawe yarama BbmpewHa meguuuHa.

YoBekbm boaH Ao3zaHoB Hu noka3a kak ga 3ana3um cebe cu B8 mpygHomo nonpuuwie Ha meguyuHama, ga
ocmanem B KauHukama u u3zBbH Hea xopa, koaeau u npuasmeau. [NMogkpenawe, xBarewe, aHaAuzupawe, Kpumu-
kyBawe, 2bAvewe kamo 2aaBa Ha egHO 20Aamo cemelicmBo. NMo3gpaBaBawe ¢ ycmuBka u He 2ybewe uyBecmBo-
mo cu 3a xymop u B Hat-6ypHu BpemeHa. Apucmokpam no gyx u Bb3numatue, yoBexk C WUPOKU uHMepecuy,
mou ycnaBawe ga ce uzgueHe Hag gpebHogywuemo Ha cbBpemeHHomo obwecmBo u ga 3anazu Bkyca cu Kbm
MaAKume pagocmu Ha >xuBoma.

YueHnusm boaH Ao3zaHoB ykpenu ocHoBume Ha 6bazapckama wkoaa 8 mupeougoaozuama u nocmabu Ha-
Yaaomo Ha KomyHukauuama c EBponetckama TupeougHa Acouuauua. OzpomeH e npuHocbm my 6 6opbama c
dog-gepuyumHume CbCmoaHus, Yuimo ycnex gocmuzHa cBoa Bpbx cbe cepmudpuuupasemo Ha bvazapua om
ICCIDD kbm UNESCO npe3 2008 2. kamo cmpaHa ¢ aukBugupat GogeH gecpuuum. C MHO20 gyx U eHmycua3bm
opeaHuzupa MopBua mexxgyHapogeH KYpc N0 mupeougoaozua 3a Aekapu om Llenmpaana u Mi3mouna EBpona,
CbCMOAA Ce NOg e2ugama u ¢ yyacmuemo Ha Bogewu yueru om EBponetckama TupeougHa Acouyuauus.

ObaameneH u 3aBaragaBaw, uHmMepeceH u akagemuueH Aekmop, npocecop Ao3aHoB yBauuawe aygumo-
puama u mpadHo pa3naAu uHmepeca HuU Kbm 3aboraBaHuama Ha wumoBugHama kae3a. C Bkyc kbm HoBume
ugeu, He cnupawe ga pabomu 3a max u ga nogmukBa no-mAaagume Koaea2u Kbm HaydHa gedHocm. OmHacawe
ce ¢ yBaxkeHue Kbm geaomo Ha HezoBume npegwecmBeHuuu u HU gaBawe npumep 3a npuemcmBeHocm B npo-
pecuoHaaHomo pazBumue.

INpuemame 3aBema Ha npoecop Ao3aHoB, Haw ydumea, HacmaBHUK, KoAe2a, NPUAMEA, GONPUHECHA MHO-
20 3a moBa, koemo cme, 3a ga npogbAxkum ga BbpBum B cbwama nocoka.

Om ekuna Ha KAuUHUKama no mupeougHu u memaboAumHu KocmHu 3aboaaBaHun
Ha YCBAAE ,Akag. V1BaH [NeHueB”

210
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Ob3op

CBoucmBa u pyHkyuga Ha LlogmupoHuUH gelioguHasume
Bb3 ocHoBa Ha uscaegBaHug Bbpxy 2eHemuyHu gepekmu npu
Mmuwku u xopa

DOpaHka, MoHuka M.", Aymumpecky, ArekcaHgpa M."3, PecpemoB, Camyun ">*
Kamegpa no MeguuuHa' u lNeguampus?,

Komumem no MoaekyaapeH memaboAu3bm U XpaHeHe?,

Komumem no leHemuka®*, Yukaacku yHuBepcumem, Yukazo, CALL|

MNMocmwnBare: 18. 10. 2020
lpuemare: 26. 10. 2020

Pe3slome

OmkpuBaremo Ha mpudogmupoHuH (T,) u Ha HezoBomo cBbp3BaHe cbe cneuuduyHu peuenmopu nogno-
Mo2Ha pa3bupaHemo Ha HauuHa Ha gedcmbBue Ha mupeougHume xopmoHu. Cbwo maka, obpazyBanemo Ha T,
om HezoBua npekypcop T,, cekpemupaH om wumoBugHama >Ae3a, NoACHU Kak Heobxogumomo KoaudecmbBo
akmuBeH XOpMOH gocmuza go op2aHume u KAemkume no cneuuduyeH HavuH u 8 cbomBemcmBue ¢ npomeHa-
wume ce uzuckBaHua. ToBa ce nocmuea upe3 gelicmBuemo Ha cneuuuyHU GOgMUPOHUH gelioguHasu.

Hacmosawuam muHuo630p npegcmaBa cBolicmBama u pyHkuuama Ha GOgMUPOHUH gelioguHazume u KOH-
mpoaa um Bbpxy gocmabkama Ha T, Kbm npuueAHume mbkaHu, uznoaszBaiku kamo mogea ecmecmBeHo cpe-
Wawu ce 2eHeMUYHU 2pewku NPU Xopa U MUWKU, KaKMO U AabopamopHO UHgYUUpaHU mymauyuu Npu MUwKU.

KawoyoBu gymu:

GogmupoHUH gelloguHa3u, Mymauuu, Xxopa, MUWwKu

BbBegeHue

TupeougHume xopmotu (TX) npemuHaBam npe3
KAeMbUYHUMeE mMembpaHu upe3 cneuuduyHu mpaHc-
nopmepu, npuHagaexxawu kbm cemetcmBama MCT
(mpaHcnopmepu Ha MOHOKApOGOKCUAHU KUCEAUHU),
OATP (mpaHcnopmepHU hoAunenmugu Ha ope2aHu-
yeH aHuoH) u LAT (mpaHcnopmepu Ha L-mun amuHo-
KuceAuHu). MoHokapbokcuAamHuam mpaHcnopmep
8 (MCT8) e BucokoegekmuBeH u cneuuduveH 3a
wumoBugHume xopmoHu 3,3°,5,5-mempatogmupo-
HUH (mupokcux uau T,) u 3,3‘,5-mputiogmupoHut (T,)
(1). T, e npekypcop, koimo moxe ga 6bge akmubu-
paH uau uHakmuBupaH om epyna ceAeHOUUCMeEUH
(Sec)-cogbp>kawu eHzumu. Te3u ceaeHoeH3uMU umam
cBolicmBa ga omcmpaHaBam GogHume amomu om
cneyucpuyHa nozuuus Bbpxy GogmupoHuHoBume mo-
AEKUAU U, caegoBamenHo, ca HapeueHu gelioguHasu.

[Mpouecbm Ha gelloguHupaHe Kamaau3upa nbp-
Bama cmbnka om geiicmBuemo Ha TX upe3 peayau-
paHe HaauyHocmmMa Ha memaboAumHo akmuBHua T3
(1). ToBa ce nocmuea upe3 omcmpaxaBare Ha 5-00g
om BbHWHUA npbecmeH Ha T,. Peakyuama ce kamaau-
3upa om GogmupoHuH gedoguHazume mun | (D1) u
mun Il (D2). AeGoguHupaHemo Ha BbmpewHua npbc-
men (00g-5) ce kamaau3upa 2aaBHo om gelioguHaza
11l (D3), npogyuyupatiku 5°,3,3-mpuliogmupoHuH (006-
pameH T, uau rT3), u 8 no-maAka cmeneH Cbwo om
D1 (@Que. 1).

TX KoHmMpoAupam NOAOXKUMEAHO eKchpecuama
Ha D1 u D3 u ompuuameaHo ekcnpecuama Ha D?2.
D1 u3zerexga uma BaxkeH ecpekm npu xunepmupeoug-
HU CbCMOAHUA U KOHMPOAUPA UUPKYAUpawuUa cepy-
meH T,, gokamo D2 e cBbp3ana ¢ xunomupeougHu
CbCmMoAHUA U KOHMpoAupa BbmpekaembuHua T, (2).

Endocrinologia vol. XXV Ne¢4/2020




PegpemoB, Camyun u compygHuyu

[Memuwa Ha GogmupoHUH gelioguHUpaHe.

5! N
HO _©.o.©-cnz-cln-coor|
5] ° NH,

Ty (pro hormone)

A)
2
HO -@-o-@- CHz-CH.-COOH
1 NH,
rT3
(inactive

>

1 I
HO -@-o-@- CHz-CH.COOH
NH,

HO -@-o-@- CHz-E:.ZCOOH

T3 (active)

L/\O“

O°

H

T, (inactive)

OcHoBHusm npogykm om cekpeuusama Ha mupeougHu XOpmMoHU e npoxopmoHbm T,. Tol moxe ga 6bge
nogAoXeH Ha akmuBupaHe ype3 gelioguHauua Ha BbmpewHua npbcmeH om geltioguHazume D1 u D2, 3a ga ce
obpa3yBa buorozuyHo akmuBHuam mupeouger xopmoH T,, UAU NOgAeXU Ha gelloguHupaHe Ha BbHWHUA NPbC-
meH om D3, 3a ga ce npousbege HeakmuBruam obpamen T, (rT,). lNo-HamambwHomo omcmpaxaBare Ha Gog

om T, u rT, om cbwume getioguHa3u Bogu go obpa3yBare Ha HeakmuBHua GogmupoHuH T,.

CBoucmBa, knembyHo MecmononoXkeHue
u mbkaHHo pasnpegeaeHue Ha logmupo-
HUH gelioguHasume

Aetogunaza mun | (D1/DIOT)

Mogmuponun getlogunaza mun | (D1) e nbpBa-
ma GogMmupoHUH geloguHa3a, KAOHUPaHa NPU NABLXO-
Be u ugenmuduuupaHa kamo Sec-Cbgbprkaw, eH3UM
(3). Mpu xopama 2eHbm DIOT e AokaauzupaH 6 xpo-
mo3oma 1. Tazu gelioguHasza e 8 cbcmosaHue ga gedo-
guHupa kakmo BbHwWHUA, maka u B no-maaka cmenen
BompewHua npvcmen Ha T, (Que. 1) (4). Aetogu-
HupaHemo Ha BbHwHuUA NnpbcmeHd T4 (ORD) om D1
Bogu go npousBexxgaHe Ha T,, a gelloguHupaHemo Ha
BvmpewHua npwecmen (IRD) - go moBa Ha T, (Due.
1). D1 ce unxubupa om nponuamuoypauua (MTY) u
noka3Ba no-Hucbk agpuHumem kbm T, CbWO Maka
npoaBaba npegnoyumarue kom rT, kamo cybcmpam.
Bownpeku moBa, T,, cyacpamupan 666 Bompewrua my
npbcmen (T4S), ce gelioguHupa cbe

ckopocm, yckopeHa 200 nbmu, nopagu HamaraBaHe
Ha Km u yBeauuaBaHe Ha Vmax (5). D1 u3uckBa gu-
muompeumoa (ATT) kKamo Kogakmop, 4uamo KOH-
ueHmpauua cnomaea gelioguHupaHemo 4pes3 ,nuHe-
noHe” KuHemuka. ToBa npegnoaaza, ye ce noaydaBa
MEXJUHEH eH3um, Koimo moxe ga ce Bb3cmanoBu
upe3 peakuua c ATT (2).

D1 eH3umbm ce Hamupa 6 naazmeHama membpa-
Ha u noBauaba HuBama Ha yupkyaupawume T, T, u
T, (Taba. 1). Excnpecupa ce 6 uepHua gpob, 6b0pe-
uume u wumoBugHama xae3a (1). Mo omHoweHue
puzuoro2uama Ha wumoBugHama xae3a (1), D1 3a-
cuaBa cekpeuuama Ha T, u npeBpbwarHemo Ha T, 6
T, Npu NauueHMU C eHgozeHeH Xunepmupeougu3bm,
Bogelku go no-Bucoko cepymHO CbOMHOWeEHUE Ha
cBobogen T, kbm cBobogen T, (6). CaegoBamenHo,
eguH uHxubumop Ha D1 akmuBHocmma, kKamo Ha-
npumep TY, uma no-cuaeH ecpekm 3a HamaraBaHe Ha
cepymrume HuBa Ha T, 6 gonbAHeHue Kbm HAoKupaHe
Ha XopmMoHocuHmesama (7)
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Tabauya 1. Cmpyxkmypa u kAembuHa Guorozua Ha gelioguHaza mun 1, 2 u 3.

D1

D2

D3

Xpomo3zomHa AoKaAu3zayua
npu xopa

Xpomo3oma 1

Xpomo3oma 14

Xpomo3oma 14

@OyHkuua AkmuBupawa AxkmuBupawa MuakmuBupawa
T, HaauuHOCM M36bHKAEMBUHA/ BbompekarembuHa BompekaembuHa
CepymHu HuBa
AduHumem kom T, Hucok Bucok Hucobk™®
KaembuHa rokaAuzauyua [Ara3meHa membpaHa EHgonaazmamuueH [MAra3meHa membpaHa
pemukyaym

TokaHHa eKcnpecua

YepeH gpob
bbbpek
LLlumoBugHa >kae3a

Mo3bk, Xunodusa
KagpaBa macmHa mbkaH
Muyckyau

EmbBpuoH, lNMarauerma
Mo3bk, Koyxa
[TaHkpeacHu

B-kremKku

*D3 uma cybcmpamHo npegnoyumatue kbm T, 8 HUCKO HaHOMOAApHUA guana3oH.

Aetogunaza mun Il (D2/DI0O2)

MogmupouHuH getioguHazama mun Il (D2) e om-
2oBopHa 2raBHo 3a npeBpbuwaremo Ha T, 6 T, upe3
geloguHayua Ha BbHWHUA npbcmeH u noka3Ba mpu
nbmu no-Bucok acouHumem kbvm T, (8, 9). Pagnonroxe-
Ha e B yoBewkama xpomo3zoma 14. Okono 40% om T,
npou3Bexgan exegHeBHo, ce memaboausupa go T,
om D1 u D2, 8 no-2onama cmenerd om D2 cnpamo D1
(1). D2 eHzumHama akmuBHocm ce peayaupa om T4
(down-peayrayun) upe3 npomeazomHO pazeparkgaHe,
koemo u3uckBa B3aumogelcmBue ¢ KamaAumuyHuA
ueHmbp Ha npomeuna (10). MhakmuBupaHemo Ha D2
cmaBa upe3 ybukBumurauua u HapywaBaHe KoHOp-
mauuama Ha D2:D2 gumepa, Koemo e KpumuyHoO 3a
HezoBama eHzumHa akmuBrocm (1),

D2 npomeuHbm ce Hamupa 6 eHgonaazmamuu-
HUA PEMUKYAUM U € CUAHO ekcnpecupaH 6 mo3bka,
xunouzHama >xae3a, kKagpaBama macmHa mbKaH,
cvwieBpemeHHo e no-caabo ekcnpecupaH 8 koxkama,
ckeaemHama Myckyaamypa, ckeaema, cbgoBume
2AagKoMyckyaHu BaakHa u mecmucume (9, 11-15 ).
Mpu xopa u 2pu3avu kagpaBama macmHa mbKaH e Ha-
MepeHa Kamo Nogxogaw, U3MOYHUK 3a UUpKYAUpaw,
T, (16, 17) (Taba.1).

Aetogunaza mun Il (D3/DIO3)

[eHbm 3a GogmupoHuH getdioguHaza mun Il (D3),
DIO3, e paznoaoxkeH Bbpxy yoBewka xpomo3zoma 14.
D3 eH3umHama akmuBHocm 6 Hal-2oAaama cmeneH

meguupa uHakmuBupaHemo Ha TX upe3 npeBpbware
Ha T, 6 rT, u T, 6 3,3°-T, upe3 IRD akmuBHocm (2)
(Due. 1). ToBa 3a nbpBu Nbm 6e nokazaHo B mbkaHu,
Kamo XOMO2eHU3UpaH MO3bK Ha nAbxoBe u voBewka
naaueHma (18, 19). D3 eH3umbm nokazBa cybcmpam-
HO npegnoyumaHue kbm T, cnpamo T, Cbwo maka
uma Hyxkga om Bucoku KoHUgHmpauuu Ha Kogakmo-
pa ATT u e ycmouuuB Ha uHxubupaHe om ITY (2).

D3 ce Aokaauzupa B naazmeHama membpaHa,
Kamo no-2oAamama 4dacm om MoAekyAama my nona-
ga B ekcmpaueayaapHua gomedH (20). To3u eH3um e
CUAHO ekcnpecupaH 8 mamkama npu 6pemeHHu, NAa-
ueHmama, pemaAaHume U HeoHamaAHUMeE MbKaHu,
yoBewkua MO3bK, KOoXKama u naHkpeacHume KAemku
(21-23) (Taba.1). CBpbxekcnpecusma u ekmonuyHama
ekcnpecus Ha D3 ca cBbp3aHu ¢ pazauuHu boaecmu u
Hakou BugoBe Heonaazmu, kKamo xemaHauomu (06Cb-
geHu No-goAy).

AetlioguHasHu gepuyumu npu muwku

EcmecmBeno HacmvnBawa mymayua DioT npu
Muwka

EcmecmBeno HacmbnBawa mymauua 6 2eHa
Diol npu muwku, npudyuHaBawa geduuum Ha D1
(wam C3H/He), 6ewe ugeHnmudpuyupaHa npe3 1993
2. U gonpuHece 3a pa3bupaHemo Ha gecpuuuma Ha D1
(3, 24). Berry u comp. (3) nokaszaxa, ye D1-gecpuyum-
Hume C3H/He muwku umam noBuweH cepymeH
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PegpemoB, Camyun u compygHuyu

cBobogeH T, u HopmaaHu cepymHu HuBa Ha TSH u
cBobogen T,. He ca usmepBanu cepymHu HuBa Ha
rT,. BbB8 6mopo npoyubane npu C3H/He muwku
Schoenmakers u comp. (24) HabaogaBam noBuwe-
HU cepymHu HuBa na rT,, Bbnpeku ye me3u MuwKu
umam HopmaAHu cepymHu HuBa Ha T, u T,. TSH He e
oueHaBan. Te npaBam u3zBoga, ye HapyweHuemo Ha
akmuBHocmma Ha D1 e Bb3HUKHAAO nopagu npeg-
noAazaema 2eHemuyHa Bapuauus, koamo HamaaaBa
cmabuaHocmma Ha DioT MPHK uau HamaaaBa mpat-
ckpunuuama Ha Diol z2eHa.

AeldoguHaza mun 1 HOkaymupaHu MUWKU
(Dio1-KO)

Poarama u ¢pyHkuuama Ha D1 no omHoweHue
HaauuHocmma Ha TX 6 pa3AuvHuU op2aHu e oueHeHa
¢ nomowma Ha DT-gechuyumuu muwku (Diol-KO),
2eHepupaHu upe3 ueaeHacoueHo pazpywabaHe Ha
2eHa Diol (4). Bbnpeku ve cepymHume HuBa Ha TCX
u T, ocmaBam nenpomenenu, T, u rT, ca noBuwenu
(4). OcBen moBa, npu Aunca Ha akmuBHocm Ha DT,
peKkaaHama ekckpeuus Ha eHgoz2eHHU UOgmUPOHUHU
e noBuweHa, koemo noka3zBa porama Ha D1 3a ex-
ckpeuua Ha TX. AeyeHuemo ¢ T, uma 3a pezyamam
no-Bucoku cepymHu HuBa Ha T, u no-me>Kbk No cme-
neH xunepmupeougu3zbm npu Dio 1-KO muwku. He ca
HabAlogaBaHu penpogykmuBHU HapyweHUa U OMKAO-
HeHua B pacmeyka u pazBumuemo. TpabBa ga ce om-
Heaexxu, ye npu xemepo3u2omuu Diol HyaeBu muwku
ca omkpumu noBuwenu cepymnu HuBa Ha rT, u noBu-
weHo cbomHoweHue rT,/T, (25). MNpu eymupeougHu
muwku DT u3zeaexkga He e eceHyuaAHa geloguHala

3a noggbpxkare HuBama Ha T, u kamo uaro Dio1-KO
umam aekocmeneHHa peHomunHa uzaBa (Taba. 2).

AeldoguHaza mun 2 HOkaymupaHu MUWKU
(Dio2-KO)

Lllam muwku ¢ auncBawa akmuBHocm Ha D2 e
pa3zpabomen upe3 uzmpuBaxe Ha 72% om Kogupawa-
ma obaacm Ha Dio2, BKAlOMUMEAHO Yacmma, HeoDb-
Xoguma 3a eHzumHama akmuBHocm. Pezyamambm e
nbAHO omcbecmBue Ha D2 akmuBHocm B8 u3caegBa-
HUMe MbKaHu, BKkAlOUUMEAHO Xunodu3a, MO3bK, Ka-
gaBa macmHa mbkaH u wumoBugHa >kae3a (26). MNpu
Bv3pacmuu Dio2-KO muwku cepymHume HuBa Ha T,
ca nogobHu Ha me3u npu guBua mun (WT) muwku,
gokamo u T, u TCX ca aeko noBuwenu 8 cpaBrenue
¢ WT muwkume (Taba. 2). B gpyzo npoyuBaHe npu cb-
wume muwiku, cepymHume T, T, u rT, ca nogobHu Ha
HuBama npu WT muwku, a cepymHuam TCX e 3Hauu-
meaHo no-Bucok npu Dio2-KO muwkume (27). TpabBa
ga ce ombeaexu, ve pegoBHama guema, uznoazBara
8 nocaegHomo npoyuBate, e ¢ NO-HUCKO CbgbprkaHue
Ha Gog B cpaBHeHue cbC cmaHgapmHama guema npu
MuwkKu, Bbnpeku ve He e ucmuHcka Uog-gecpuyumua
guema. ToBa moxe ga e gonpuHecao3a HabaogaBa-
Hume pa3zauku 8 mecmoBeme, ompazaBawu PYHK-
uuama Ha wumoBugHama xae3a. Bbnpeku ye u T,, u
T, ycnaBam ga nomucHam cepymHume HuBa Ha TCX
npu xunomupeougHu WT muwku, camo T, e cnocoben
ga nomucHe TCX npu Dio2-KO muwku, koemo cbom-
BemcmBa Ha peHOomMuN ¢ xunopuzapHa pe3ucmeHm-
Hocm Kbm T, (26).

He ca HabaogaBaHu comamuuHu aHomaAuu, gegpek-

TabAuya 2. (Deromun Ha MUWKU C gelloguHazeH geduuum.
AganmupaHo no Gereben et al. Endocrine review 2008,29(7):898-938.

KO mogeau Dio1-KO Dio2-KO Dio3-KO Sbp2-iCKO
Cepymen T, YBeauueH YBeauueH / HamaneH YBeauueH
HopmaneH
Cepymen T, HopmaneH HopmaneH HamaneH HopmanaeH
Cepymen T, YBeauueH YBeauueH / He ce cbobwaBa | YBeauueH
HopmanaeH
TCX HopmaneH YBeauueH HopmaneH uau YBeauueH
Aeko yBeauueH
CucmemeH EymupeougeH EymupeougeH XunomupeougeH EymupeougeH /
theHomun XunomupeougeH
Penpogykuusa Hopmaana HopmaaHa HapyweHa HapyweHa

EHgokpuHonozus Tom XXV N24/2020



mu 6 pazBumuemo uau penpogykmuBHu HapyweHus,
Bbnpeku ve 9% om MbKKUME MUWKU ca C AeKo 3aba-
Bane B8 pacmexka (26) (Taba. 2).

AeuoguHaza mun 3 HOKaymupaHu MUwWKU
(Dio3-KO)

HoBu pa3zbupaHua 3a 3HaveHuemo Ha mun Il
getoguHaza (D3) ca noayuyeHu om u3caegBaHemo
Ha Dio3 HokaymupaHu muwku (Dio3-KO), 6e3 om-
kpuBaema akmuBHocm Ha D3, 8 caegcmBue Ha pas-
pywabaHe Ha 2eHa Dio3 (28). Tesu muwku pa3zBuBam
nepuHamaAHa MUPEOMOKCUKO3a, nhocAegBaHa om
ueHmpaaeH xunomupeougu3zbm 6 3pasa Bv3pacm. B
Havaaromo Ha >xuBoma Dio3-KO muwkume umam Hu-
cku HubBa Ha pa3epaxgare Ha T,, noBuwenu cepymnu
HuBa Ha T,, npugpyxenu om edpekm Bopxy T,-peay-
AupaHume 2eHu 8 mo3bka (28). 3a pazauka om moBa,
Bb3pacmuu Dio3-KO muwku nokazBam noHukeHu
cepymhu Huba Ha T, u T,, c Aeko noBuwen go Hop-
maneH TCX, koemo cbomBemcmBa Ha ueHmMpaaeH xu-
nomupeougu3zbm. OmkpuBam ce xunomupeouguzbm
6 nepugepHume mbKaHU U HUCKO CbgbpiKaHue Ha
T, 6 xunomaramyca, kamo noBuweHama exkcnpecua
Ha mupeomponun-ocBoboxkgaBawua xopmon (TPX)
nomBbpxkgaBa ueHmMpaaHua  XUNOMUPEOUJU3bM.
Dio3-KO muwkume nokazBam cbwo Hucka hepmua-
Hocm u 3ab6aBeH pacmex u npu gBama noaa (28)
(Taba. 2). AonbAHumeAHu u3caegBaHua paszkpuBam,
ye Dio3-KO muwkume nokazBam HapyweH omzaoBop
Kbm cmumyaauua ¢ TCX u TPX. AHmumupeougHomo
MeguKamMeHmMOo3HO AedveHue npudvuHaBa MexxbK Xu-
nomupeougu3zbm, a T, 3amecmumeAHama mepanua
Bogu go Bucoko HuBo Ha T,, pazkpuBawo HapyweH
KAUPBHC Ha T, B mupeougHama oc npu Aunca Ha D3
akmuBHocm (29).

Xemepo3ueomuume Dio3-KO muwku nomBubp-
guxa, ye 2eHbm Dio3 e umnpuHmupaH (30). [pu ce-
mycume Ha embpuoHHU gHu 14 go 17, akmuBHocmma
Ha D3 e HamareHa B 2raBama, kpalHuuume, YepHua
gpob U MAAOMO, KO2amoO 2eHemMUYHO MOguuUU-
paHuam gecpuuum e HacaegeH om Gawama u He ce
HabAtogaBam npomeHu B8 HezoBama akmuBHocm, Ko-
2amo ce yHacaegu om malikama, koemo noka3Ba 6a-
WUH umnpuHmuHe Ha Dio3 2eHa (30).

AelioguHa3Hu gepuyumu npu xopa
Aetogunaza mun 1 (DIO1) zenHu mymayuu

Bbnpeku ye yHkuuoHaAHama poAa Ha gellogu-
Ha3HUMe eH3uUMU e cmapameAHO npoy4eHa, go 2020
2. He ca onucaHu mymauuu 8 yoBewku DIOs 2eHu.
YcmanoBenu ca gBa namoezeHHu BapuaHma 6 DIOT
2eHa [c.282C>A:p.Asn94Lys (N94K) u c.603G>A:p.
Met201lle (M2011)], koumo npuduHaBam abHopmeH

MemaboAu3bM Ha mupeougHume XopmoHu npu gBe
HecBbp3aHu cemelcmBa (25). 3acezHamume YAeHO-
Be Ha me3u cemelicmBa umam noBuweHu cepymHu
HuBa Ha rT, u coomuowenue rT,/T, (Due. 2), nogob-
HO Ha Diol xemepo3zuezomHo-HyreBume muwku. 3a
ga ce OUgHU in Vitro (pyHKUuuoHaAHama akmuBHocm
Ha mymaHmuua D1 npomeun (D1-N94K u D1-M2011),
b6ewe u3zBbpweHa macmo-HacodeHa mymaeeHe3a 3a
noayuaBarve Ha pcDNA3 naazmugu, ekcnpecupawu
pD1-WT, pD1-N94K uau pD1-M2011 u Bekmopume
6axa npexogHo ko-mpaHcekmuparu ¢ pGFP 6 yo-
Bewku embpuoHarHU ObOpeuyHU enumeAHu KAemKu
(HEK-293). 3a ga ce HanpaBu pa3auka mexkgy pD1-
WT u pD1-N94K uau pD1-M2011 kamaaumuyHama
(PyHKUUA Ha MymaHmume, bewe u3zmepeHa ppakyu-
ama Ha akmuBrocm D1 Ha geliogupaH 125IT4 kamo
mymanmuume DT npomeunu nokazBam 2-3 nbmu
no-6ucok Km|T,], koemo pa3kpuBa no-Hucbk achuHu-
mem Ha cybcmpama u no-6aBHa eH3zumHa ckopocm,
npegnoAazawo KpumuyHo cmpykmypHo yBpexkgaHe
Ha D1 npomeuHa. INpu nauueHmume ¢ Aek hpeHomMun
He ca noka3zaHu gobaBaHe Ha mupeougHu XOPMOHU
UAU 3amecmumenHa mepanus.

AokoAkomo Hu e u3zBecmHo, He ca gokaagBaHu
namozeHHu Bapuarmu npu DIO2 u DIO3.

Aegpekmu 6 cuume3ama Ha ceAeHonpomeuH

AelioguHazume ca CeAeHOEH3UMU U Cbgbpikam
pAagkama amuHOKuceAuHa ceAeHouucmeuH (Sec) 6
akmuBHua cu ueHmbp. BmbkBanemo Ha Sec 6 npo-
meuHume u3uckBa npekogupaHe Ha cneuuduueH
UGA cmon KOogoH upe3 CAOXKeH npouec, 3anazeH 6
eykapuomume (Que. 3A). [lo mo3u Ha4YuUH 2eHemuy-
Hume gepekmu B KomnoHeHMuUMe Ha mexaHu3ma
3a ceneHonpomeuHoB cuHme3 umam nomeHuuaA ga
npomeHam akmuBHocmma Ha getoguHazume. Egun
makbB gepekm e ugeHmudpuyupax 6 2eHa, Kogupauw,
npomeuH 2, cBubp3Baw, nocregoBameaHocmma Ha
BmbkBaHe Ha ceaeHouucmeuH (SBP2) - cvwecmBeH
pakmop, Heobxogum 3a BrarouBaHemo Ha Sec B ce-
AeHonpomeuHume (31). MayueHmume ¢ gepuuum Ha
SBP2 npoaBaBam xapakmepeH mupeougeH gpeHomun
¢ noBuwenu cepymHu HuBa Ha T, u 1T, HamaneH T,
U HopmaaeH uau Aeko noBuweH TCX (Que. 3B). Tol
Kamo mo3u gepekm npomeHa cuimesa Ha Bcuuku 25
uzBecmHu ceaeHONnpomeuHu, xopama ¢ peuecuBHu
SBP2 mymauuu npoaBaBam croxxeH myamuopeaHeH
CUHgPOM CbC 3abaBaHe Ha pacmeyka u pazBumuemo,
HapyweHa gBuzameaHa KoopguHauua, UH(EPMUAU-
mem Npu MbXXKUA NOA U gpyau No-cAabo npoydeHu
KomMnoHeHmu (32).

3a ga ce pazbepam nogaexkawume mexaHu3mu
Ha 2opHume peHomunoBe, ca 2eHepuparu ycroBHO
Sbp2 HokaymupaHu muwku (iICKO), mbl kKamo NnbA-
HOMO eAUMUHUpaHe Ha Sbp2 e aemaaHo. Muwkume
¢ gedpuyum Ha Sbp2 npoaBaBam mupeougeH eHo-
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PogocaoBus, pesyamamu om gpyHkuuoHaaHU mecmoBe Ha wumoBugHama >kae3a u in vitro mecmoBe Ha gBeme
cemelicmBa ¢ D1 2eHHa mymauus. (A) pamuaua 1 ¢ D1-N94K u (B) pamuaua 2, ¢ D1-M2011. CepymHume KOH-
ueHmpauuu Ha rT, u cbomHoweHuemo rT,/T, 3a 3acezHamume u He3acezHamume ureHoBe Ha cemelicmBomo
ca npegcmabBenu 2pacpuuHo. EngumHama akmuBHocm, uzmepena 6 kaemku, ekcnpecupawu WT u gBama my-
maHmHu D1 camocmoamearo u 8 kombunauyua ¢ WT, cumyaupawu xemepo3u20mHo 3acezHamume nayueHmu,
e nokazaHa 6 goaHama vacm Ha ¢pueypama. Pesyamamume ce u3pazaBam kamo cpegHa cmolHocm £ cmat-
gapmHa epewka Ha mpu He3zaBucumu uzmepBarua 666 Bcako cocmoaHue. CmotHocmume Ha P ca noayueru

upe3 egHonocovHa ANOVA.

mun, nogobeH Ha Mo3u npu xopa ¢ Bucoku cepymHu
HuBa Ha T, u rT,. C u3Becmna pa3auka 6 cpabrerue
Cc xopama ¢ gedpuuum Ha SBP2, cepymHume HuBa
Ha TCX ca noBuweru u HuBama Ha T3 ca HopmaAHu
Npu MuwKku ¢ gecpuuum Ha Sbp2, koemo ompazaBa
pa3zaukume B pezyaupaHemo Ha mupeougHama oc u
pasauuHua uHguBugyaaeH npuHOC Ha gedloguHazume
npu xopama u muwkume (33). MNMogpobHu uzcaegBa-
HUA NPU Me3u MUWKU gemoHCmpupam HamaAeHa eKc-
npecusa Ha DioT u HamareHa D1 akmuBHocm 8 uepHusa

gpob, HamareHa akmuBHocm Ha D2 u HamaAeHa ekc-
npecus Ha Dio3 6 2aaBHua mo3bk. Kamo uano, gedpu-
uumume Ha mpume gelioguHa3zu 6 pa3auyHU MbKaHu,
Kakmo u cneyuuyHuam npuHoc om Bcuuku HuBa Ha
wumoBugHama oc Bogam go xapakmepHua mupeo-
ugeH peHomun (34). OcBer moBa e ycmaHoBeHo,
ye gpyau CeAeHONpoMeuHuU ca pegyuupaHu 6 mo-
3bKa, YepHua gpob u cepyma, Kamo NO MO3U HayuH
nomBbprkgaBam cucmemHomo yBpexkgaHe Ha ceAe-
HonpomeurHoBama cuHmesa (33).
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(A) CxemamuuHO npeg-
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Mpugobumu aHomanuu Ha gelioguHasama

AeloguHazu npu CUHgPOM Ha u3jkAroYBaHe Ha
mupeougHo 3aboraBane (NTIS)

AHomanuu 666 dyHkyuama Ha wumoBugHama
Xae3za ce HabaogaBam npu HemupeougHu 3a6oAs-
BaHun, ocobeHo kozamo me ca ocmpu. [No-yecmu ca
OMKAOHEHUAMA Npu XpoHU4YHU 3aboaaBaHun, Koumo
BratouBam Hucok cepymen T, u Bucok rT,, HO HOpma-
AeH uAu HUCHK T, u TCX. IocoyeHu kamo CUHgPOM Ha
u3katouBare Ha mupeougHo 3aboaaBare (NTIS) u ey-
mupeougeH 6orecmeH cuHgpom (ESS), mepmuHume
ca nogBexxgawu, mvl kamo nbpBuam He nocouBa
nocaegcmBuama, a Bmopuam npegnoaaza eymupe-
ougu3zbm 6e3 kamezopuuHo gokazameacmBo. Taku-
Ba omkaoHeHua 666 dyHkyuama Ha wumoBugHama
»Ae3a ce HabatogaBam npu 2aagyBaHe, cencuc, onepa-
muBHu uHmMepBeHuuu, uHgapkm Ha muokapga, 6adnac,

rT, (ng/dl)

cmBomo (kpbauema).

TSH (mU/L)

mpaHcnAaHmayua Ha KocmeH Mo3bk u BepoamHo
Bcako meykko 3aboaaBane (35). [MbpBoHauarHo ce
ycmanoBaBam Hucku cepymnu Huba Ha T, u noBuwe-
HU rT,, nopagu uHxubupare akmuBHocmma Ha D1.
C HanpegBane Ha 3ab6oaa8aHemo HacmbnBa gonba-
HumeAHo HamaAaBaHe Ha cepymHume T, u T, u noBu-
waBare Ha T, nopagu egHoBpemeHHo noBuweHama
akmuBHocm Ha uHakmuBupawua eHzum D3, kolimo
nognomaza memaboau3ma Ha T, u T, (35). To3u Kom-
neHcamopeH mexaHu3bm e B8 cbcmoaHue ga cnecmu
eHepaua upe3 HamaraBaHe Ha cepymHume HuBa Ha T,
u ckopocmma Ha ocHoBHama obmana.

AeldoguHaza 3 npu xemaHzuomu u
gpyzu mymopu

Covobwaba ce 3a cBpobxekcnpecua Ha HuBama Ha
D3 npu pazauuru BugoBe mymopu, Hanpumep xemat-
2uomu. ToBa e yecmo cpewar mymop 6 paHHa gem-
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PegpemoB, Camyus u compygHuuu

cka Bb3pacm u e gokazaHo, ve B pegku cayyau npudu-
HaBa napaHeonaacmuueH cuHgpom, uzBecmeH kamo
KoHcymamuBeH Xxunomupeougu3bm, OnucaH 3a Nbp-
Bu nbm npu HoBopogeHu geua ¢ macuBHu yepHo-
gpobHu xemaHauomu (36). HamepeHo e, ue AeueHue-
mo ¢ Bucoku go3u XopmoHO3amecmumeAHa mepanusa
Bb3cmanoBaBa HopmaaHume HuBa Ha cepymeH TCX.
AuazHo3zama ce nocmaBa upe3 oueHka akmuBHocm-
ma Ha D3 8 mymopHama mbkaH u moXke ga Obge
nogkpeneHa om omkpuBaHe Ha noBuweHu cepymHu
HuBa Ha T, u mupeo2robyaun (37). Mogoben mogea
Ha pyHKUUOHaAHU MupeougHu mecmoBe u nogae-
Kaw, mexaHu3bm ca gokaagBaHu npu nauueHmu C
memacmamuueH 6bOpeuHo-KAeMbUYEH KapUUHOM UAU
cmomawHo-upeBHU cmpomaaHu mymopu, AekyBaHu ¢
uHXuBUMOpP Ha MUPO3UH KUHa3ama cyHumuHub (38).
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Abstract

The discovery of triiodothyronine (T,) and its binding to specific receptors have been instrumental in
understanding the mode of thyroid hormone action. Equally so, the generation of T, from its precursor T, and
secreted by the thyroid gland, have elucidated how the proper amount of active hormone is supplied to organs
and cells in a specific manner and in tune with changing requirements. The latter is achieved through the action
of specific iodothyronine deiodinases. This minireview addresses the properties and function of iodothyronine
deiodinases, and their control of T, supply to target tissues, using as model genetic errors of nature in human and

mice as well as laboratory induced mutations in mice.

Key words:

DIO, iodothyronine deiodinase, mutations, humans, mice

Introduction

Thyroid hormones (TH) cross cell membranes
through specific transporters belonging to the MCT,
OATP, and LAT families. The monocarboxylate trans-
porter 8 (MCT8) is highly efficient and specific for the
thyroid hormones 3,3’,5,5"-tetraiodothyronine (thyrox-
ine or T,) and 3,3’,5-triiodothyronine (T,) (1). T, is a pre-
cursor that can be activated or inactivated by a group of
selenocysteine (Sec)-containing enzymes. These selen-
oenzymes have properties of removing iodine atoms
from specific position on the iodothyronine molecules,
thus named deiodinases. The deiodination process cat-
alyzes the first step of TH action by regulating the avail-
ability of the metabolically active T, (1). This is achieved
by removal of iodine-5’ from the outer ring T,. The re-
action is catalyzed by the iodothyronine deiodinases
type | (D1) and type Il (D2). An inner ringdeiodination
(iodine-5) is catalyzed principally by deiodinase Il (D3)
producing 5’,3,3"triiodothyronine (reverse T, or rT,),
and to a lesser extent also by D1 (Fig.ure 1).

TH control positively D1 and D3 expression and
negatively D2 expression. D1 seems to have an import-
ant effect in hyperthyroid states and controls the circu-

lating serum T,, while D2 is more relevant in hypothy-
roid states and controls the intracellular T, (2).

Properties location and tissue distribution
of iodothyronine deiodinases

Type I deiodinase (D1/DIOT1)

The type | iodothyronine deiodinase (D1) was the
first iodothyronine deiodinase cloned in rat and identi-
fied as Sec-containing enzyme (3). In humans, the DIO1
gene is located on chromosome 1. This deiodinase is
able to deiodinate both outer and, to a lesser degree,
inner ring of T, (Figure 1) (4). The deiodination of the
T, outer ring (ORD) by D1 produces T, and the inner
ring deiodination (IRD) produces rT, (Figure 1). D1 is
inhibited by propylthiouracil (PTU) and shows lower
affinityfor T, exhibiting preference for rT, as substrate.
However, a T, sulfated in its inner ring, T4S, is deiodin-
ated at a rate accelerated 200-fold due to a decrease in
apparent Km and an increase in Vmax (5). D1 requires
dithiothreitol (DTT) as cofactor, the concentration of
which promotes deiodination by ping-pong kinetics.
This suggests that an intermediate enzyme is produced
and is able to be regenerated by reaction with DTT (2).
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The pathways of iodothyronine deiodination. The main product of thyroid hormone secretion is the pro-hormone
T,. It can undergo activation through inner ring deiodination by the deiodinases D1 and D2 to form the biologically
active thyroid hormone T, or undergo outer ring deiodination by D3 to produce the inactive rT,. Further removal
an iodine from T, and rT, by the same deiodinases yields the inactive iodothyronine T,.

The D1 enzyme is located in the plasma mem-
brane and affects the levels of circulated T,, T,, and rT,
(Table 1). It is expressed in liver, kidney, and thyroid (1).

In thyroid physiology (1), D1 enhances thyroidal T,
secretion and T, to T, conversion in patients with endo-
genous hyperthyroidism, producing a higher serum free
T, to free T, ratio (6). Therefore, an inhibitor of D1 activi-
ty, such as PTU has a stronger effect in decreasing serum
T, levels in addition to blocking hormone synthesis (7).

Type Il deiodinase (D2/DI0O2)

The type Il iodothyroinine deiodinase (D2) is mainly
responsible for converting T, to T, via outer ringdeidodi-
nation and shows three orders of magnitude higher affin-
ity for T, (8, 9). It is located on human chromosome 14.
Around 40% of the T, produced daily is metabolized to T,
by D1 and D2, with a larger contribution from D2 relative
to D1 (1). D2 enzymatic activity is downregulated by T,
through proteasomal degradation that requires interac-
tion with the catalytic center of the protein (10). The inac-
tivation of D2 occurs through ubiquitination by disrupting
the conformation of the D2:D2 dimer that is critical for its
enzymatic activity (1).

D2 protein is located in the endoplasmic reticulum
and is highly expressed in brain, pituitary gland, brown ad-
ipose tissue (BAT), whereas it is less expressed in skin, skel-
etal muscle, skeleton, vascular smooth muscle, and testis
(9, 11-15). In humans and rodents, BAT has been shown
as relevant source of circulating T, (16, 17) (Table1).

Type Ill deiodinase (D3/DIO3)

The type Il iodothyroinine deiodinase (D3) gene,
DIO3, is located on human chromosome 14. D3 enzy-
matic activity exclusively mediates the inactivation of
TH through conversion of T, to rT, and T, to 3,3"-T, via
IRD activity (2) (Figure 1). This was first demonstrated
in tissues, such as rat brain homogenates and human
placenta (18, 19). The D3 enzyme displays a substrate
preference for T, vs T,, needs high concentrations of the
cofactor DTT, and is resistant to inhibition by PTU (2).

D3 is located in the plasma membrane with most
of its molecule in the extracellular domain (20). This
enzyme is highly expressed in the pregnant uterus, pla-
centa, fetal and neonatal tissues, human brain, skin and
pancreatic cells (21-23) (Table1). Overexpression and
ectopic expression of D3 have been associated with
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Table 1.

Structure and Cell Biology of Deiodinase Type 1, 2, and 3.

D1 D2 D3
Chromosomal location Chr 1 Chr 14 Chr 14
in humans
Function Activating Activating Inactivating
T, availability Extracellular/ Intracellular Intracellular
serum levels
Affinity for T, Low High Low™

Cellular Location Plasma membrane

Endoplasmic reticulum Plasma membrane

Liver
Kidney
Thyroid Brain

Tissue Expression

Embryo, Placenta
Brain, Skin
Pancreatic p-cells

Brain, Pituitary,
BAT
Muscle

BAT: brown adipose tissue *D3 has substrate preference for T, in the low nanomolar range.

illness and some types of neoplasms, such as hemangi-
omas (discussed below).

Deiodinase deficiencies in mice

Naturally occurring mutation in mouse Dio1

A naturally occurring mutation in the Dio1 gene in
mice causing D1 deficiency (C3H/He strain) was iden-
tified in 1993 and contributed to the understanding of
D1 deficiency (3, 24).

Berry and collaborators (3) showed that the D1-de-
ficient C3H/He mice had increased serum free T, and
normal serum of TSH and free T,. No serum rT, levels
were measured. In a second study of the C3H/He mice
Schoenmakers and colleagues (24) observed elevated
serum rT, levels, even though these mice had normal
serum T, and T, levels. TSH was not evaluated. They con-
cluded that impairment of D1 activity occurred due to
a putative genetic variation that reduced stability of the
Dio1 mRNA or decreased transcription of Diol gene.

Type 1 deiodinase knockout mice (Dio1-KO)

The role and function of D1 in TH economy in dif-
ferent organs was evaluated using a D1-deficient mouse
(Dio1-KO) generated by targeted disruption of the Dio1
gene (4). Although serum levels of thyroid-stimulating
hormone (TSH) and T, remained unchanged, T, and rT,
were elevated (4). In addition, in absence of D1 activ-
ity, fecal excretion of endogenous iodothyronines was
elevated indicating a role for D1 in TH excretion. Treat-
ment with T3 resulted in a higher serum T3 levels and a
greater degree of hyperthyroidism in D1-KO mice. No

reproductive, developmental and growth impairments
were observed. Of note, elevated serum rT3 levels and
rT,/T, ratios were found in heterozygous Diol null
mice (25). In euthyroid mice, D1 seems not to be an es-
sential deiodinase for the maintenance of the T3 levels
and overall, Dio1-KO has a mild phenotype (Table 2).

Type 2 deiodinase knockout mice (Dio2-KO)

A mouse strain lacking D2 activity was developed
by deleting 72% of the coding region of Dio2, including
the part necessary for enzymatic activity. The result is
a complete absence of D2 activity in the tissues tested,
including pituitary, brain, BAT and thyroid (26).

In adult Dio2-KO mice, serum T, levels were sim-
ilar to those of WT mice, while T, and TSH were both
mildly elevated compared to WT (Table 2). In another
study of the same mice, serum T, T,, and rT, were simi-
lar to levels in WT mice, and serum TSH was significant-
ly higher in the Dio2-KO mice (27). Of note, the regular
diet used in this later study contained lower iodine than
the standard mouse diet, although it was not an actual
iodine deficient diet. This might have contributed to the
thyroid function tests (TFT) differences observed.

Although both T, and T, were able to suppress se-
rum TSH levels in hypothyroid WT mice, only T, was
capable to suppress TSH in Dio2-KO mice, consistent
with a phenotype of pituitary resistance to T, (26). No
somatic abnormalities, developmental defects, or re-
productive abnormalities were observed, although 9%
of males presented with mild growth retardation (26)
(Table 2).
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Type 3 deiodinase knockout mice (Dio3-KO)

Novel insights about the importance of type llI
deiodinase (D3) were obtained from the study of a
Dio3 knockout (Dio3-KO) mouse, devoid of detectable
D3 activity generated by disruption of the Dio3 gene
(28). These mice developed perinatal thyrotoxicosis
followed by central hypothyroidism in adulthood. Early
in life Dio3-KO mice have low rates of T, degradation,
increased serum levels of T, accompanied by effect on
T,regulated genes in the brain (28). In contrast, adult
Dio3-KO mice exhibited decreased levels of serum T,
and T,, with slightly elevated to normal TSH, consistent
with central hypothyroidism. A peripheral tissue hypo-
thyroidism and low T, content in hypothalamus were
demonstrated, with increased expression of thyrotro-
pin-releasing hormone (TRH) levels confirmed the cen-
tral hypothyroidism. Dio3-KO mice also displayed low
fertility and delayed growth of both sexes (28) (Table
2). Additional evidence showed that Dio3-KO mice ex-
hibited impaired TSH and TRH stimulation response.
Antithyroid drug treatment caused severe hypothyroid
ism and T, replacement therapy showed high level ofT,
demonstrating an impaired clearance of T, in thyroid
axis in absence of D3 activity (29).

Heterozygous Dio3-KO mice confirmed that the
Dio3 gene is imprinted (30). In fetuses (E14 to E18),
D3 activity was reduced in the head, limbs, liver and
body when the genetically engineered deficiency was
inherited from the father and no changes in its activity
was seen when inherited from the mother, indicating
paternal imprinting of the Dio3 gene (30).

Deiodinase deficiencies in humans

Type 1 deiodinase (DIO1) gene mutations

Although the functional roles of deiodinase en-
zymes have been thoroughly investigated, no muta-
tions in human DIOs genes have been described un-
til 2020. Two pathogenic variants in the DIO1 gene
(c.282C>A:p.Asn94Lys and c.603G>A:p.Met201lle)
were found to cause abnormal thyroid hormone me-
tabolism in two unrelated families (25). Affected mem-
bers of these families presented with elevated serum
rT, levels and rT,/T, ratios (Figure 2), similar to mice
Dio1 heterozygous-null. To assess the in vitro function-
al activity of the mutant D1 protein, (D1-N94K and
D1-M201l), site-directed mutagenesis was performed
to obtain pcDNA3 plasmids expressing pD1-WT, pD1-
N94K or pD1-M2011 and the vectors were transiently
co-transfected with pGFP in human embryonic kidney
epithelial cells (HEK-293). To distinguish between pD1-
WT and pD1-N94K or pD1-M201l mutants’ catalytic
function, the D1 activity fraction of 125IT4 deiodinated
was measured and the mutant D1 proteins exhibit 2-3-
fold higher Km[T4], indicating lower substrate affinity
and slower enzyme velocity, which suggest a critical
structural impaired of D1 protein. No thyroid hormone
supplementation of replacement therapy has been indi-
cated for these patients presenting with a mild pheno-
type (25).

To our knowledge, no pathogenic variants have
been reported in DIO2 and DIO3.

Table2, " Phenotype of Mice Deficient in Deiodinase
Adapted from Gereben et al., Endocrine review 2008, 29(7):898-938.
KO: Knockout; iCKO: inducible conditional KO, NR: not reported.
KO models Dio1-KO Dio2-KO Dio3-KO Sbp2-iCKO
Serum T, Elevated Elevated/ Decreased Elevated
Normal
Serum T, Normal Normal Decreased Normal
Serum rT, Elevated Elevated/ NR Elevated
Normal
TSH Normal Elevated Normal or Elevated
slightly elevated
Systemic Euthyroid Euthyroid Hypothyroid Euthyroid/
phenotype hypothyroid
Reproduction Normal Normal Impaired Impaired

222

EHgokpuHonozusi Tom XXV N24/2020



Q Fam 1: D1-N94K
1
¢,
1 2 3 4 5
Il
1 2 3
1
rT3 (ng/dl)
25 30 35 40 45 50 55 60
(o o I ) [ J [ J o O
rT3/T3 ratio
0.1 0.2 0.3 04 0.5 0.6 0.7
O OO0 o [_J [ J
O WT e Mutant |
P=0.008
61
o 1
5 4
c
£ I
K]
[} 4
2 2
(=
0 &I *I
S Sl
&9

@ Fam 2: D1-M201I

fmols/min/mg

1 2 3
[+ |2 !3
rT3 (ng/dl)
25 30 35 40 45 50
o)
o goe °
rT3/T3 ratio
0.1 02 03 04 05
o SR e
[0 WT e Mutant |
P=0.005
6-
4
1
2- ——
ol | .
N
N ™ S
&\é S
N

Pedigrees, TFT results and in vitro tests of the two families with D1 gene mutation. (A) family 1 harboring D1-
N94K and (B) family 2, harboring D1-M201I. Serum rT, concentrations and rT,/T, ratios for affected and unaffect-
ed family members are presented graphically. The enzymatic activity measured in cells expressing the WT and the
two mutant D1 alone and in combination with the WT, simulating the heterozygous affected patients is shown in
the bottom of the figure. Results are expressed as mean * standard error of three independent measurements in
each condition. P values were obtained by one-way ANOVA.

Selenoprotein synthesis defects

Deiodinases are selenoenzymes and harbor the
rare amino acid selenocysteine (Sec) in the active cen-
ter. The insertion of Sec into proteins requires recoding
of a specific UGA stop codon through a complex pro-
cess conserved in eukaryotes (Figure 3A). Thus, genetic
defects in components of the selenoprotein synthesis
machinery have the potential to alter deiodinase activ-
ities. One such defect was identified in the gene en-
coding for selenocysteine insertion sequence binding
protein 2 (SBP2), an essential factor required for Sec
incorporation into selenoproteins (31). Patients with
SBP2 deficiency manifest a characteristic thyroid phe-
notype with elevated serum T, and rT, levels, decreased

T, and normal or slightly elevated TSH (Figure 3B). As
this defect alters the synthesis of all 25 known seleno-
proteins, humans with recessive SBP2 mutations mani-
fest a complex multiorgan syndrome with growth and
developmental delay, impaired motor coordination and
male infertility among other less well investigated fea-
tures (32). To understand the underlying mechanisms
for these phenotypes, the Sbp2 inducible conditional
knockout (iCKO) mice were generated as full knockout
of Sbp2 is lethal. The Sbp2 deficient mice manifest a
thyroid phenotype similar to that in humans with high
serum T, and T, levels. Slightly different from humans
with SBP2 deficiency, serum TSH levels are elevated
and T, levels are normal in Sbp2 deficient mice, reflect-

3
ing differences in thyroid axis regulation and different
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individual contributions of the deiodinases between
humans and mice (33). Detailed investigations in these
mice demonstrated decreased Diol expression and
D1 activity in liver, decreased D2 activity and reduced
Dio3 expression in cerebrum. Overall, deficiencies of
all three deiodinases in various tissues and specific con-
tributions from all levels of the thyroid axis result in the
characteristic thyroid phenotype (34). In addition, other
selenoproteins were found decreased in brain, liver and
serum, thus confirming systemic impairment in seleno-
protein synthesis (33).

Acquired deiodinase abnormalities.

Deiodinases in non-thyroidal illness syndrome
(NTIS)

Abnormalities in thyroid function are seen in
non-thyroidal illness, particularly when acute. The more

common are the TFT abnormalities in chronic illness,
that include low serum T, and high rT, but normal or
low T, and TSH. Referred to as non-thyroidal illness
syndrome (NTIS), and euthyroid sick syndrome (ESS),
these terms are misleading because the first does not
indicate the consequence and the second assumes eu-
thyroidism without definite proof. Such thyroid tests
abnormalities are observed in fasting, sepsis, surgery,
myocardial infarction, bypass, bone marrow transplan-
tation, and probably any severe illness (35). Initially,
low serum T, levels and elevated T, are found, due
to an inhibition of D1 activity. As the illness progress,
further decrease in serum T, and T, and increase in rT,
occur due to the simultaneous increased activity of the
inactivating enzyme D3 which promotes metabolism
of T, and T, (35). This compensatory mechanism is able
to conserve energy by decreasing serum T, levels and
basic metabolic rate.
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Deiodinase 3 in hemangiomas and other tumors
The overexpression of D3 levels has been reported
in different types of tumors, such as hemangiomas. This
is a common infantile tumor, and on rare occasions it
was shown to cause a paraneoplastic syndrome known
as consumptive hypothyroidism, first described in new-
borns with massive hepatic hemangiomas (36). Treat-
ment with high doses of thyroid replacement therapy
were shown to restore normal levels of serum TSH. The
diagnosis is obtained from the evaluation of D3 activity
in the tumor tissue and it can be supported by finding

elevated serum rT3 and thyroglobulin levels (37). A sim-
ilar pattern of thyroid tests and underlying mechanism
were reported in patients presenting with metastatic
renal cell carcinoma or gastrointestinal stromal tumors
treated with the tyrosine kinase inhibitor sunitinib (38).
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Pe3slome

Mpe3 1967 2. PepemoB u compygruuu onucBam noaBama Ha pamureH cuHgpom npu gBe om wecm geua
pogeHu om KpbBHOopogcmBer Gpak (1). HabalogaBaHomo cbuemaHue Ha 2AyXOHEMOma, XOHgPOguCnAa3us,
2ywa u abHopmHo Bucoku HuBa Ha mupeougHu xopmoHu (TX) e GuAO Ha (hoHa Ha eymemaboAUMHO CbCMOAHUE.
Kamo Bb3moxxHa xunome3a aBmopume npegnoaazam cbwecmByBaHemo Ha mapeemHa op2aHHa pe3ucmeHm-
Hocm kbm geticmBuemo Ha TX uAu uHxuBupaHe Ha mbkaHHua um mpadcnopm. Om mozaBa u go momeHma
npogbaxkaBa uzacHaBaHemo Ha npuuuHume 3a HapyweHuama, obeguHeHu nog HazBanuemo ,CuHgpomu Ha
HapyweHa yyBcmBumeAHocm KbM mMupeougHUMe XOPMOHU”. XapakmepHama XOpMOHaAHa KOHCmeAauua om
Bucoku HuBa Ha cepymHu TX npu HegocmambyHO cynpecupaH mupeocmumyaupaw, xopmoH (TSH), moske ga
3abAygu KAUHUUUCMA U ga goBege go HenpaBuaHa mepaneBmuyHa Hameca u No-HamambwHO 3agbAaGouabare
Ha HaAuuHuUme HapyweHua. MNMpegcmaBame gBa KAUHUYHU CAYYaa Ha NayUueHMU C Hepa3no3Ham CUHgPOM Ha
PedpemoB, ckpum 3ag mackama Ha mupeomoKcuKo3a.

KarouoBu gymu: cungpom Ha PechemoB, mupeomokcuko3a, mbkaHeH Xunomupeougu3bm,

KAUHUYHUME npoaBu e 3aroxkeHa 6 MbkaHHO-Cneuu-

BbBegeHue
puyHama exkcnpecua Ha gBama 2aaBHu 2eHa Ha THR.

ABa 2eHa kogupam gBeme 2raBHu uzoopmu
Ha peuenmopume Ha mupeougHume xopmoHu (TR),
KOUMO u2paam poAsma Ha MpPaHCKPUNUUOHHU hak-
mopu. Mymauuu 8 me3u 2eHu (THRA, THRB) obycaa-
Bam pazBumuemo Ha cuHgpPOMU Ha pe3ucmeHmHocm
KbM mupeougHume xopmoHu (RTH, cbomBeHo a u )
¢ BapuabuaHu peHomunHu u3aBu 6 3aBucumocm om
3acezHamume u3zoopmu (2). XemepozeHHocmma Ha

3a nbpBua 2eH ca onucaHu gBa cnaalc Bapuanma.
TupeougHuam peuenmop argpa 1 (TRal) e 3acmbneH
ocHoBHO B KAemkume Ha Cbpuemo, Kocmume, MO3b-
Ka U ckeAemHume Myckyau. TupeougHuam peuenmop
arga 2 (TRa2) He ce cBbp3Ba c mupeougHume xopmo-
HU, 3amoBa u pyHkuuama my e HeuzBecmHa Kbm Mo-
meHma. ABeme popmu Ha TRB ce mpaHckupubupam
om aamepHamuBHU HavaAHU no3uyuu. TupeougHuam
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peuenmop 6ema 1 (TRPT) ce Hamupa npegumHo B yep-
Hua gpob u 6bOpeuume, a mupeougHuam peuenmop
6ema 2 (THRB2) - 6 xunocpuzama, pemuHama u Kox-
Aeama. Kom 6uoroz2uuHo akmuBHua mputiogmupoHUH
(T3) TRa1, TRBT u TRB2 umam cxogeH acpuHumem. Tu-
peougHume peuenmopu ca cbcmaBeHu om HAKOAKO
,MOgyAa”’ ¢ BaxkHO pyHKuuoHaAHO 3HauveHue. ObOw,
3a Bcuuku e AHK-cBbp3Bawuam gomelH, BrkaouBauy,
gBa uuHk-cBbp3aHu mogyaa, m.H. ,uuHKoBU npbcmu”
(zinc fingers). Ype3 BapuabuaeH ,wapHupeH” (hinge)
yuacmouk, AHK-cBbp3Bawuam gomelH ce cBbp3Ba
¢ C-mepmuHareH auzaHg-cBbp3Baw, gomeldH (3,4).
[MocaegHUAM Cbgbpyka cneyuuyeH yyacmbk, Kbm
kolmo ce npukpenam gBe moaekyau T, (xomogumep),
uAu T, 3aegHO € gpy2 YAeH Ha cynepdhamuauama agpe-
HU peuenmopu, a UMEHHO pemuHougHume X-peuen-
mopu, popmupalku xemepogumep. CneuudpudHume
AHK-cekBeHuuu, HapeueHu ,,omezoBapawu Ha mupeo-
ugHume xopmoHu eaemeHmu” (TREs) ce Hamupam 6
NPOMOMOPHUME pe2UOHU Ha Map2emHume 2eHu U
KbmM max ce cBbp3zBam mupeougHume peuenmopu.
CBbp3Banemo kbm AHK He uzuckBa npucbecmBuemo
Ha T,, Ho 6 cayyaume, kozamo T, auncBa, Bmecmo ga
UHUYUUpam MpaHKpuNUUAMa Ha map2emHume 2eHu,
TR ce cBbp3Bam c ko-penpecopu u nomuckam mo3u
npouec. CBbp3zBanemo c T, omcmpanaBa ko-penpe-
copa, Habupa ko-akmuBamopu, koumo ,omBapam”
AHK 32 mpaHckpunuus.

CuHgpomMbm Ha pe3ucmeHmMHOCM KbmM Mupeo-
ugHua peuenmop 6ema (RTHp) uma aBmo3zomHo-go-
MuHaHmHo yHacaegaBaxe (68 80% om cayvaume), HO
moxke ga Bb3HukBa u cnopaguuHo upe3 de novo my-
mauuu (20%). Yecmoma my Bb3Au3a Ha 1 Ha 50 000
>kuBopogeHru (5). Ao MomeHma ca onucaHu Hag 219
pa3AudHU mymauuu Ha TRP npu noBeue om 665 da-
muAuu (6). Hat-uecmo 6oAHUME ca xemepo3zuzomu.
Vimam eguH HopmanreH aren (WT, guB mun) u eguH
mymaHmeH aaen (MUT). Npogykmbm Ha mymaHm-
HuAa aaea e gepekmeH TRB ¢ gomuHupawo Hezamu-
BeH epekm kamo uHmMepgepupa MpaHCKPUNUUOH-
Hume cBolcmBa Ha WTIR, kogupaH om HOpmaAHuA
areA. HykaeomugHume 3ameHu obycaaBam eguHuu-
HU aMUHOKUCEAUHHU npomeHu B AucaHg-cBbp3Bawusn
gomelH Ha TR. ToBa Bb3npenamcmBa uAu noHuxKa-
Ba acdpuHumema 3a cBvp3Banemo kom T,, HO Kamo
USAO He npomeHa cnocobHocmma 3a cBbp3BaHe Ha
MyUmaHmHume peuenmopu  Kbm cneuyuuyHume
AHK cekBernuyuu. Taka ,gomuHaHmHo-He2amuBHu-
AmM egekm” Ha MymaHmHume peuenmopu NOHUXKa-
Ba usrocmHO MpaHckpunuuoHHama akmuBHocm 6
mapzaemHume 2eHu. B pesyamam Ha moBa Bb3HukBa
MbKaHeH XUuNnomupeougu3bm NPU AUNCA HA HamaAeHa
NpogyKkuua Ha mupeougHu xopmoHu (TX). KauHuuHo-
Mo nogo3peHue pagko Bb3HUKBa npu HeoHamaaHua
CKPUHUH2 3a mupeougHa guciyHKuua, Mbl Kamo
npu noBevemo npozpamu ce uzcaegBa TSH.

HaAuyuemo Ha maxukapgus, CUHgPOMU C gedpu-
uum Ha BHumaHuemo u xunepakmuBHocm, yBeauua-
BaHemo pazmepume Ha wumoBugHama >kae3a, o6u-
YyalHo HacouBam KAuHUUUCMA KbM (PYHKUUOHAAHO
usaegBarHe Ha wumoBugHama >kae3a. CbuemaHue-
MO Ha KomneHcamopHo noBuweHu HuBa Ha TX ¢ He
nomucHam mupeocmumyaupaw, xopmoH (TSH) ca
ocHoBaHue ga ce 3anogo3pe RTHp. beaesume Ha xu-
nepmupeougu3zbm (maxukapgua 6 nokol u xunepak-
muBHocm), kakmo u no3umuBHa hamurHa aHamHe3a,
usuckBam gemaulaHo u3caegBare u BHuMameAHa uH-
mepnpemauua. Texkecmma u eHomunHama u3aBa
npu RTHP moeam ga Bapupam cpeg 3acezHamume uH-
Bugugu, gopu u npu HocumeAacmBo Ha egHa u Cbwa
Mymauus.

AugepeHuuarHo-guazHOCMUYHUAM  aA20PUMbM
uzuckBa uzkatouBaHe Ha CbCMOAHUA CbC CXOGHU KAU-
HUYHU U XOPMOHAAHU NPOMEHU Kamo:

1) noBuweHo HUBo Ha mupokcuH-cBbp3Bawy, 2A0-
OYAUH, 2) hbamuAaHa gucaAbymuHemuyHa Xunepmupo-
KcuHemus, 3) npucbecmBue Ha aHmumeaa cpewy TSH
uAu mempadtogmupoHuna (T,).

Apyau npexogHU CbCMOAHUA KamO MEXKO Cuc-
memHo 3aboaaBaHe, ocmpu NCUX03u, NPUAOXKEHUE Ha
Gog nog popmama Ha uHmpaBeHo3HU KOHMpacmHu
BewecmBa, amuogapoH u 6ema 6r0kepu, noBauaba-
wu nepugpepHama kKoHBepcua Ha T, 8 T, cbwo mo-
2am ga Hanogobam XOpmMoOHaAHama KoHcmeAauus,
HabalogaBaHa npu cuHgpoma Ha RTHP. He Ha nocaeg-
HO MACMO, Makap U pagko cpewaHo 3aboanBaHe, e
xunodpuzapHuam TSH-npogyuupaw, mymop (Taba.1).

KAuHuueH cayyau 1

INpegcmaBame nauueHmka Ha 25 2oguwHa 6b3-
pacm, npu koamo npe3 toHu 2012 2. no noBog onaAak-
BaHua om cbpuebueHe, enu3zogu Ha WUEH QUCKOM-
dopm u Bugumo yBeauuena wumoBugHa ae3a, ca
npoBegeHu xopmoHaaHu u3caegBanua. YcmaHoBeHu
ca cynpecupar TSH npu 3Hauyumo 3aBuweru HuBa Ha
cBobogHume cppakuyuu Ha nepucpepHume TX (FT, u
FT,), Koemo npegnoAaza mupeomokcuko3a ¢ abmo-
UMUHEH Npou3xog, NO-KbCHO nomBbpgeHa om HaAu-
yuemo Ha no3umuBHU MupeomponuH peuenmopHu
(TRAK) u mupeonepokcuga3zHu aHmumeaa (TPO Abs)
(Taba. 2).

HazHaueHo e mupeocmamuuHo AedeHue B cbue-
maHue ¢ bema-6aokep. INpe3 HoemBpu 2012 2. e pe-
2ucmpupaHa nbpBama u eguHcmBeHa go momeHma
6pemeHHOCM Npu nayueHmkama, 3aBbpwusa ¢ pax-
gaHe Ha MEePMUH Ha gOHOCEH NAOG OM MBXKKU NOA. B
nepuoga Ha bpemeHHocmma He e npoBexkgaHa mu-
peocmamuyHa mepanua. PecucmpupaHu ca, obaue,
Aeko noBuwenu HuBa Ha TPO Abs u TRAK. Mopagu
nepcucmupawu onaakBaHua om cepuebuere u noBu-
weHo HepBHO HanpexkeHue caeg paykgaHemo e Bb306H0-
BeHa mupeocmamuyHama mepanus.
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Tabauya 1. CpaBHeHue Ha KAUHUYHUME HAaxogKu u AabopamopHu pe3yamamu npu TSH-cekpemupawume nu-
myumapHu ageHoOMU U Npu pe3ucmeHmHoCcm KbM mupeougHume xopmoHu (RTH). (Aganmuparo no Tjérnstrand
A., Nystr m H.F. Diagnostic Approach to TSH-producing Pituitary Adenoma, Europ | Endocrinol, 2017; 4: p R183-R197.)

Mapamempu TSH-npogyuupaw, Pe3ucmeHnmHocm
AgeHOM KbM mupeougHume
xopmoHu (RTH)
l[ywa 94% 80%
Xunepcekpeuus/geguyum Ha gpyau Aa He
Xunogu3apHu XOPMOHU
MoBuwen SHBG u/uau ICTP 90% 8%
IMNoBuweHo HUBo Ha a- cybeguHuya Aa He
IMoBuwabare Ha TSH caeg cmumyaauua ¢ TRH Aa He
MoBuwabaHe Ha a- cybeguHuuama caeq Aa He
cmumyaauua ¢ TRH
Ae3ua Ha xunocpu3za (SMP/KAT) 99% 23%
[Mepumempun B®b3MO>XXHU OMKAOHEHUA Hopma
OmazoBop Ha TSH kbm T, cynpecuoHen mecm HezamuBeH YacmuueH
AHK mymauuoHeH aHaau3 OmpuuameaeH [NMoro>kumeneH
ComamocmamuHo8 mecm Cnag Ha FT, >30% FT, He ce npomeHsa

TabAauya 2. N\abopamopHu uzcaegBaHun u npoBexkgaHo AeveHue - KAUHUYeH cayyal 1.

Aama | TSH plU/ml | FT,pmol/I | FT, pmol/l AEYEHUE TPO n. <35 U/ml Tg Ab n. <40 U/ml
mec./209 (0,4-4) (10,6-21) | (2,8-6,5) TRAK n. <1,75 IU/l TSI <0,55 1U/I
06.2012 0,017 MMM 3x2m; nponpaHoAoA
07.2012 0,024 89,6 20,5
11.2012 4,21 23,9 7,1 bpemeHHocm; 6e3 AeueHue
01.2013 1,98 6,4 bpemeHHocm; 6e3 AeueHue TPO Ab 50,77; TRAK 16 (<30)
06.2013 PaxxgaHe =>MMU
10.2015 3,85 55 MMM 2x 1/, 16 TPO Ab 120; TRAK 16 (<30)
02.2016 14,8 23,4 MMI 2t =cybmomanHa

mupeougekmomun
caeg 10 116 16,1 3,3 LT4 75 mkg
geHa
05.2016 69,9 LT4 100 mkg TPO 196
09.2016 21,4 6,2 LT4 125 mkg
01.2017 26,7 36,1 LT4 125/150 mkg
03.2017 17,1 28,3 5,6 LT4 125 mkg
03.2017 15,2 26,9 53 LT4 125 mkg TPO Ab 70,7; Tg Ab <20
01.2018 14,5 30,8 4,5 LT4 100/125 mkg; p-6rokep TSI 0,23

FT, - cBobogen T,; FT, - cBobogen T,; Tg Ab - mupeoarobyaunoBu anmumena;
TPO Ab - mupeonepokcugazHu anmumeaa; TRAK - TSH-peuenmopHu aHmumeaa;
TSI - mupeocmumyaupaw, umyHo2A00yauH; MMU - memuamepkanmoumugazoa.
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Mpe3 geBpyapu 2016 2. e uzbovpweHa cybmo-
maAHa pe3ekuyua Ha wumoBugHama >kae3za. Xucmo-
AO2UYHUAM pe3yamam onucBa ,Hogo3Ha cmpyma c
6azegocpukauun”. Okoro 10 gHU NO-KbCHO hauueHm-
Kama e xocnumaau3zupaHa no cnewHocm no noBog
XUNOKaAUUEMUYHa Kpu3a U gaHHU 3a nocmonepamu-
BeH xunonapamupeougu3bm (Taba. 2).

3a nbvpBu nbm nayueHmkama nocmwvnBa B KAu-
Hukama npe3 mapm 2017 2. Ha ¢poHa Ha mepanuAa C
reBomupokcun 125 mxe gHeBHo. XopmoHaaHume
uzcaegBaHua nomBubpykgaBam Haauuuemo Ha He-
cvomBemHa cekpeuua Ha TSH. Om npoBegeHomo
exoepadcko uzcaegBaHe Ha wulHa o6aacm ce ycma-
HoBaBam gBycmpaHHO Xemepo2eHHU MUPEoUgHU OC-
mambuu ¢ noBuweH gonaepoB kpvBomok (Que. 1).

AonbAHUMEAHUMe  BGuoxumudHu  u3caegBaHus
He nokazBam noBuweH mbkaHeH omzoBop Kbm TX
(SHBG 33,8 nmo/l, pepepeHmu epaHuuu 18-144).
Om npoBegeHua agpeHo-mazHumeH pe3oHaHc (AMP)
Ha 2aaBa He ce ycmaHoBaBam npomeHu 8 o6aacmma
Ha xunodguzama. Aozama reBomupokcuH e yBeauue-
Ha go 137 mke gHeBHo.

V3B8bpwerHuam ckpuHuHe Ha pogcmBeHuuume
om nbpBa AuHua ycmaHoBaBa cxogHa XxopmoHaAHa
KoHCmeAauua npu 6awama (TSH 4,48 pulU/ml; FT, 37,4

pmol/l) u cuna (TSH 2,44 plU/ml; FT, 22,4 pmol/l) Ha
nauueHmkama, koemo ce nomBubpykgaBa npu nob-
mopHo u3caegBane (Que. 2).

INpoBegeHuam 2eHemuueH aHaAau3 pazkpuBa Ha-
AUYUEMO Ha missense mymauua npu npobanga (Il -1,
Que. 2B) u bawa u (I-2), 3acaeawa ek3oH 7 Ha THRB
2eHa. Tazu mymauua Bogu go 3amaHa Ha 2yaHuH C age-
HUH, C KOEMO Ce 3ameHa Hamupawuam ce HOPMAAHO
Ha no3uuua 243 ap2uHuH ¢ 2aymamuH (R243Q, Que.
2B). Curom (llI-1) u matikama (I-1) Ha npobaHga umam
HOPMaAHU (heHomun u 2eHomun.

Tazu mymauua e onucaHa goceza npu 27 Hepog-
cmBeHu dpamuruu (AudHo HabaogeHue - C. PegpemoB).
3acaea wapHupHua yyacmbvk Ha THRP u HamansBa
cBbp3zBanemo my ¢ T3, camo Kozamo peyenmopsbm e
npukpeneH kbm AHK (7). Ipu nayueHmkama u HelHa-
ma malika UMa gaHHU U 3a HaAuyue Ha aBMOUMYHHO
mupeougHo 3aboaaBaHe (AT,) c noroxkumeaeH mu-
mMbp Ha mupeougHume aHmumeaa (Que. 2b). B aume-
pamypama 4yecmo ce cpeuja cbyemaHuemo Ha RTHp
c AT, (8). Kamo npegnonrazaem mexaHu3bm ce coyu
xpoHuuHama TCX cmumyaauus, koamo akmuBupa uH-
mpamupeougHume AumMouUMU, UHgyuupalku mu-
peougHa yBpega u aBmoumyHeH xunomupeougu3bm
(8). Tazu xunome3sa Bce owe He e goka3aHa.

Exoepadpua Ha wumoBugHa >kAae3a — KAuHuYeH cayyad 1.
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TupeougHu ocmambuu 6 AaBo u gAaCHO C AeKoCmeneHHa HEXOMOZ2EHHOCM Ha napeHXuma

6e3 Bb3Aecmu npomeHu.
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PogocaoBue Ha cemeticmBomo (Miv) om nbpBua caydad u pe3yamamu om mupeougHume yHK-
UUOHaAHU mecmoBe u 2eHemuueH aHaAus3.

. 2
Q \ RTHR damunua Miv
i
1
]
) 4 1
]|
B, o
Bb3pacm 61 32 6 68 Pecpepenmuu 2paHuyu
TT, pg/dl 8,6 14,9 11,5 14,5 5,4-11,5
TT, ng/dl 122 158 197 177 80-190
TrT, ng/dl 33,0 66,7 33,0 93,4 16-36
FT,I 9,8 18,5 13,0 20,2 6-10,5
TSH mlU/L 2,0 26,9 2,8 4,3 0,4-3,6
TG ng/ml 10 26 6 15 2-38
TGab 28 28 <04 0,3 <0,4
TPOab <0,4 <0,4 <0,4 <0,4 <0,4
feHomun WT/WT MUT/WT WT/WT MUT/WT WT/W

Nerexnpa @ 1

il 4 1 el s
THRB AAAC RGAAA AAAC NGAAA

AITD MUT 280 280

CGG —p CAG
R243Q

’ NpobaHg

Mpobangbm (II-1) e ¢ xunonapamupeougu3bm CAeg MUPEOoUgeKMomMUA U KbM gamama Ha uzcaegBaHemo e
npuemaa 137 pg aeBomupokcun gHeBHo.

(A) PogocaoBuemo ¢ nokoaeHus, o603HaveHuU ¢ pumcku uugpu u unguBugu ¢ apabeku yudpu.

AITD - aBmoumyHHo 3aboaaBaHe Ha wumoBugHama >kae3za, WT- guB mun uau yecmo cpewgaH mun,

MUT - mymanm.

(b) Pesyamamume om mecmoBeme 3a pyHkuyua Ha wumoBugHama >ae3a ce nogpaBuaBam c Bceku cum-
Boa, npegcmabBaaBaw, ureH Ha cemelicmBomo. AGHOpMHUME cmoUHocmu ca noguyepmanu 8 uepBeHo.

R7293 - matlka Ha npobaHga; R7232 - npobaHg; R7294 - cun Ha npobaHga; R7294 - 6awa Ha npobaHga (8
yepBeHo ca ombeaazaHu namoaozuuHume peyamamu). TT, - 06w, T, TT, - 06w, T,, TrT, - momanen obpame
T, FT,I - ungekc cBobogen T,, TSH - mupeoug-cmumyaupaw, xopmoH, TG - mupeoarobyaun, TGab - mupeoe-
A0byAauHoBu aHmumeaa, TPOab - mupeonepokcuga3Hu aHmumeaa.

(B) EAekmpodpepozpamu Ha yacm om THRB 2eHa (ek3oH 7 o6pamHa cmpykmypa), nokazBawu xemepo3u-
20mHa mymauus (Buxx rezeHgama) npu cybekmu I-2 u 1I-1.
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Xpucmo308, Kupua X. u compygHuyu

KAuHuuyeH cayuau 2

NMpegcmabBame nauueHmka Ha 58 2oguwHa 6b3-
pacm, npu koamo npe3 2010 2. e nocmaBeHa gua-
2HO3a mupeomokcuko3a no noBog Ha onaaxkBaHua
om noBuweHa emouyuoHaArHa AabBuAHOCM, enu3ogu Ha
cbpuebuere, noBuweHa nomauBocm. INpu exozpad-
CKU gaHHU 3a Hogo3Ha cmpyma ca ycmanoBeHu noBu-
weHu HuBa Ha FT, c HecynpecupaH TSH u e 3anouHa-
ma mepanusa ¢ nponuuua (IMNTY) u nponpaHoAoA.

Mpu npocregaBaHemo Ha coHa Ha [ITY ce
nomBbprkgaBam noBuwenu HuBa Ha TSH npu Hopma-
AeH cepymer FT, u 3aBuwen FT.. (Taba. 4).

Mpe3 aHyapu 2012 2. npu npoBegeHama cuuHmMu-
2papua  Ha wumoBugHa xae3a ¢ 2mCi 99mTc-nep-
mexHemam ce ycmaHoBaBam gaHHu 3a uHmMeH3uBHO
U XOMO2eHHO HampynBaHe Ha paguoHyKAuga, Kamo
He ce ckeHupam (OYHKUUOHAAHO omepaHuuyumu Bb-
3AU. (Que. 3a).

Ao anpua 2014 2. nauueHmkama ocmaBa Ha mu-
peocmamuyHo AedeHue. Bb3 ocHoBa Ha gaHHume 3a
Bv3Arecmu npomeru B naperxuma Ha wumoBugHama
KAe3a u caeg npoBegeHa mbHKOU2AEHA acnupayuoH-
Ha buoncua Ha xunepexozeHeH Bb3er om AaB gaa Ha
»KAe3ama, koamo e ¢ beHuzHeH pe3zyamam, e 63emo
peweHue 3a onepamuBHo AeyeHue B obem ucmmek-
momusn, AeBocmpaHHa A06ekmomua U napuuasHa

pe3ekuus Ha geceH gaa. Caeg u3zBbpweHama cenmem-
Bpu 2014 2. mupeougHa pe3ekuua mupeocmamuyHa-
ma mepanua e npeycmanoBeHa.

NocmonepamuBHo nauueHmkKama e ¢ nepcucmu-
pawu mupeomokcuyHu onaakBaHua Ha oHa Ha no-
BuweHu HuBa Ha nepudpepHume TX u HecynpecupaH
TCX, nopagu koemo omHoBo e BkaloueHa mepanus-
ma ¢ mupeocmamuk. Exozpagpckomo npocaegaBate
ycmanoBaBa Haaudyue Ha MuUpeougHU ocmMambuu C
Bv3Arecmu npomeru. (Due. 3 6,6)

[Mopagu comHeHue 3a TSH-cekpemupaw, mymop
e npoBegeH AMP Ha 2aaBa, koimo ycmanoBaBa Ae3un
6 xunoguszama c pazmepu 2,5Mm (npegHo-3ageH)/4mm
(kpaHuo-kaygaaeH)/6,3mm (meguo-ramepaneH) ¢ Bug
Ha mukpoageHom (Que. 4).

AonbAHUMeAHUMe  GuoxumuuHu  u3caegBaHun
He nokazBam noBuweH mbkaHeH omzoBop kKbm TX
(SHBG 49,9 nmo/l; pepepeHmHu 2parHuuu 18-144).
V368bpweHuam ckpuHUH2 npu pogHuHUMe ycmaxoBa-
Ba HecbomBemHa cexkpeuua Ha TSH npu gbwepama
Ha nauuenmkama (TSH 0,92 ulU/ml, FT, 29,2 pmol/l,
FT, 6,26 pmol/l), a npoBegenuam AMP He ycmaHoBa-
Ba npomeHu B obaacmma Ha xunogpuzHama >kae3a.

Om npoBegeHume 2eHemuyHu uzcregBaHuna Ha
npobaHga (I-1) u HelHama gbwepa (11-1) ce ycmaroBa-
6a mymauua Ha THRP (Due. 5b). YcmaHoBenama my-
mauua Ha TRHB 2eHa omHoBo 3acaza ek30H 7, Kbge-

Tabauya 3. NabopamopHu u3zcaegBarun u npoBexkgaHo AeveHUe — KAUHUYEH cayyal 2.

Aama TSH plU/ml | FT, pmol/l | FT, pmol/l AEYEHUE TPO n. <35 U/ml Tg Ab n. <40 U/ml
mec./20g. (0,4-4) (10,6-21) |(2,8-6,5) TRAK n. <1,75 IU/l TSI <0,55 1U/I
10. 2010 1,43 27,2 [TY 4y INponpaHoroa 20mg TPO 31; TRAK 0,994
11.2010 4,1 28,3 8,5
12.2011 1,42 33,2 10,5 TRAK 1,93
05. 2012 2,32 26,5 MMIN 2m.

11.2013 20,1 21 7,1 MMM 2m. IponpaHoroa 20mg

02.2014 10,5 7,6 MMW 2m. IponpaHoroa 10mg TRAK 2,13
04.2014 25,3 12,7 6,6

09. 2014 [MapuyuaaHa mupeogekmomus

11.2014 3,02 33,8 8,2 MMU Tm.

07.2018 6,28 29,7 8,0 TSI <0,1

08. 2018 24,3 15,8 6,5 MMW 4m. Mponparonroa 20mg TPO Ab <10; Tg Ab <20
09. 2018 100 3,2 2,8 B-6r0kep

10.2018 9,3 22,1 8,1
03.2019 4,43 22 6,7 IMponpaHonoa 40mg/gH

FT, - c6obogen T,; FT, - cBobogen T,; Tg Ab - mupeoarobyaunoBu anmumena; TPO Ab - mupeonepokcugasHu
aHmumena; TRAK - TSH-peuenmopHu aHmumenaa; TSI - mupeocmumyaupaw, umyHo2ao06yaud; MM - memua-
mepkanmoumugaszoa; MNTY - nponuamuoypauua.
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mo 3amaHama Ha 2yaHuH ¢ ageHuH 6ogu go - o>” A At S
3amaHa Ha HOPMAAHO Hamupawuam ce Ha v+ v WP i "";
mrypeas
no3uuua 234 aaaHuH c mpeoHuH (A234T). Setes
Mymanmuuam peuenmop npumexxaBa 35% aan o 48

om akmuBHocmma Ha HopmaaHua (WT) pe-
uenmop. OnucaHama mymauus e uzoAupaHa
npu 11 gpyau hamuAuu U 3aca2a WapHUpHUA
yyacmbKk Ha TR (AuyHo Habaogerue - C.
PecpemoB). MNpegBug gokazaHama mymauua
npu npobaHga npuemame, Ye ONUCAHUAM MU-
KpoageHOM Ha xunodu3a e BepoasmHo UHUU-
geHMAAOM.

3) a Cuunmuzpacpus Ha wumoBugHa >kae3a -
KAUHUYEH cAaydad 2 (2012 2.);

1 OYee MY Probe Sath

3) 6,8 Exozpacpus Ha AsB u geceH mupeou-
geH ocmamwbK.

EREE 2 2 ™
WAt Sk ame DRans @ e

O Frote My
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flgpeHo-MazHUMeEH pe3oHaHC Ha xunodu3a -
KAUHUYEH cayyal 2.
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3akAaloyeHue

Mpu noBeuemo nauueHmu, cuHgpombm Ha RTHp
u3eAexkga ycnewHo ce komneHcupa om noBuweHama eH-
gozeHHa npogykuusa Ha TX, kamo B8 noBeuemo cayyau uH-
guBugume ca KAUHUYHO eymupeougHu. Hepazno3HaBa-
Hemo Ha cumnmomume u beae3ume Ha me3u CUHgPOMU
npu Hakou nauueHmu Bogu go HexkeAaHo pegyuupaHe
Ha napeHxuma Ha wumoBugHama >ae3a (paguotogme-
panus, pe3ekuun 6 pazauuer obem) uAu HEHYXKEH npuem
Ha mupeocmamuuy. NMogo6Hu mepaneBmuunu peweHus
3acuABam npu3zHauume Ha MbKaHeH Xunomupeougu-
3bm 6 peucmeHmHume mbkaHu u omHoBo cb3zgaBam
gucbaraHc mexkgy BpemeHHO HOopmaauzupaHume cmod-
HOCMU Ha T, U KAUHUYHama KapmuHa.

PogocaoBue Ha cemel-
cmBomo (Mnm) om Bmo-
pua cayual u peyamamu

3amecmumeAHama mepanua ¢ AeBomupoKkcuH
CAeg napuuaAHa UAU nbAHa MmupeougHa abaauun
cregBa ga ce mumpupa kamo 3a mapz2em buxa moe-
AU ga ce u3znoa3Bam u3xogHume HuBa Ha TSH, FT, u
FT,, a cowo maka u ycnopegHomo npocaegaBare Ha
napamempume, cBbp3aHu ¢ mbkaHHomo gedcmBue-
mo Ha TX - SHBG, xonecmepoa, ocmeokaAuuH, Kap-
H6oK-cumepmMuHaAeH meaonenmug, (epumuH U Kpea-
MuHKUHa3a (6).

baazogapHocmu: Pazpabomkama Hu e nogkpe-
neHa omyacmu c 6e36v3me3gHa nomowy DK15070
om HayuonarHua 3gpa6en uncmumym (CALL).

om PyYHKUUOHAAHUMeE |
mupeougHu u3caegBaHun
U 2eHeMUYEeH aHaAu3.

Nerenpa
THRB
RTHR ¢pamunua Mmn 1 WT<} MUT
, GCC ==p ACC
Y 4 R234T
’ Npobana
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6 Bb3pacm 39 66 PepepeHmHu 2paHuuu

TT, pg/dl 13,2 14,5 5,4-11,5

TT, ng/dl 140 185 80-190

TrT, ng/dl 76,1 53,1 16-36

FT,l 17,2 18,4 6-10,5

TSH mlU/L 1,7 49 0,4-3,6

TG ng/ml 39 160 2-38

TGab <04 <04 <04

TPOab <0,4 <0,4 <0,4
[eHomun WT/MUT | WT/MUT WT/W

/

Q) =
P e

33440000010
SACCAACNCCCAAG
450 460

[Mpobangbm (1-1) e npeMbPNAA NnemM 20guUHU NO-PAHO YaCcMUYHA MUPEOUgEKMOMUA.

(A) PogocaoBuemo c 2eHepayuu, 0603Ha4YeHU ¢ pumcku uugpu a omgeaHume uHguBugu - ¢ apabcku uu-
dpu. WT-guB mun uau obukHoBeH mun, MUT-mymanm.

(B) Pesyamamume om mecmoBeme 3a oyHkuua Ha wumoBugHama >kae3a ce nogpaBHaBam ¢ Bceku cum-
Boa, npegcmaBaabaw, ureH Ha cemeticmBomo. HeobuualHume cmoliHocmu ca noguepmanu 6 yepBeno. TT,
-06w, T, TT, - 06w, T,, TrT, - 06w, o6pamen T,, FT | - ungexc cBobogen T,, TSH - mupeocmumyaupaw, XopmoH,

TG - mupeozarobyauH, TGab - mupeo2aobyauHoBu aHmumeaa, TPOab - mupeonepokcugazHu aHmumeaa.

(B) Enekmpogepozpamu Ha yacm om 2eHa THRB (cekBeruyus om ek3oH 7), nokazBawu xemepo3uzomua

mymauus (Buxx aezeHgama) npu cybexkmu I-1 u lI-1.
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Clinical cases

»Behind the Mask* of Thyrotoxicosis -
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(syndrome of resistance to thyroid hormones)

Hristozov, Kiril H.", Hossameldin, Maged?, Ivanova, Iva V.!, Dimitrova, Radina S.', Siderova,
Mira V.1, Boyadzieva, Mila B.", Refetoff, Samuel 23.

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

2 Department of Medicine, *Department of Pediatrics and Genetic Committee, The University of Chicago

Address for correspondence:

Kiril Hristov Hristozov, MD, PhD
University Hospital ,St. Marina”, Varna
9010 Varna, bul. Hr. Smirnenski 1
e-mail: k.hristozov@abv.bg

Abstract

Submitted: 07. 10. 2020
Accepted: 16. 10. 2020

In 1967 Refetoff et al. described the occurrence of a familial syndrome in two of six children born to a
consanguineous marriage (1). The combination of deaf-mutism, chondrodysplasia, goiter and abnormally high levels
of thyroid hormones (TH) was observed in the background of a eumetabolic condition. As a possible hypothesis,
the authors suggested the existence of target organ resistance to the effect of TH or inhibition of their tissue
transport. Since then, the causes of the disorders collectively termed ,Syndromes of impaired sensitivity to thyroid
hormone”, continue to be investigated. The characteristic hormonal constellation of high levels of the serum TH
with insufficiently suppressed thyroid stimulating hormone (TSH) may mislead the clinician and lead to incorrect
therapeutic intervention and further deterioration of the existing disturbances.

We present two clinical cases of patients with unrecognized Refetoff syndrome hidden behind the mask of

thyrotoxicosis.

Key words: Refetoff syndrome, thyrotoxicosis, tissue hypothyroidism

Introduction

Two genes encode the two major isoforms of
thyroid hormone receptors (TRs) which function as
transcription factors. Mutations in these genes (THRA,
THRB) cause the development of syndromes of resis-
tance to thyroid hormones (RTH, a and B, respectively)
with variable phenotypic manifestations depending on
the affected receptor isoforms (2). The heterogeneity of
clinical manifestations is embedded in the tissue-specif-
ic expression of the two major THR genes. Two splice
variants have been described regarding the first gene.

Thyroid hormone receptor alpha 1 (TRal) is pres-
ent mainly in heart, bones, brain and skeletal muscles.
The TRa2 does not bind the thyroid hormone (TH) ligand
and thus its physiological function is unknown. The

two forms of the TRp are generated by alternative tran-
scription start sites. TRB1 is found mainly in the liver
and kidneys, whereas TRPB2 is localized in the pituitary
gland, retina and cochlea. TRa1, TRB1 and TRP2 have a
similar affinity for the biologically active triiodthyronine
(T,). TRs are composed of several ,modules” with func-
tional importance. Common to all is the DNA-binding
domain, including two zinc-linked modules, so-called
,zinc fingers”. Through a hinge region, the DNA-bind-
ing domain binds to the C-terminal ligand-binding do-
main (3, 4). The latter contains the hormone binding
that binds two molecules of T, (homodimer) or a T,
with another member of the nuclear receptor super-
family, namely, retinoid X-receptors, forming a heterodi-
mer. The C-terminal domain also contains the dimeriza-
tion domain. TRs bind to specific DNA sequences
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known as TH response elements (TREs) located in the
promoter regions of target genes. DNA binding does
not require the presence of T,, however in its absence,
TRs recruit co-repressors that suppress the transcrip-
tion of genes positively regulated by TH. T, binding,
removes the corepressor and recruits co-activators that
open the DNA for transcription.

The syndrome of resistance to thyroid hormone
beta (RTHP) has an autosomal dominant inheritance
(80% of cases), but can also occur sporadically by de
novo mutations (20%). Its frequency accounts to 1 in
50 000 live births (5). To date, more than 219 different
THRP mutations have been described in more than 665
families (6). Most often the patients are heterozygous.
They have one normal allele (WT, wild type) and one
mutant allele (MUT). The product of the mutant allele is
a defective TRP with a dominating negative effect by in-
terfering with the transcription properties of the WTTR
encoded by the normal allele. Nucleotide substitutions
usually produce single amino acid changes in the li-
gand-binding domain of TR. This inhibits or decreases
the affinity for binding to T,, but generally does not alter
the ability of mutant receptor to bind to specific DNA
sequences, thus, exerting a dominant negative effect.
As aresult, tissue hypothyroidism occurs in the absence
of reduced production of TH. Clinical suspicion rare-
ly arises within the neonatal screening because most
programs are based on TSH measurement, which is
normal. Tachycardia, attention deficit disorder with hy-
peractivity and goiter on physical examination are the
most common reasons for obtaining thyroid function
tests. The combination of elevated levels of TH with un-
suppressed TSH are reasons to suspect RTHp. Signs of
hyperthyroidism (resting tachycardia and hyperactivity)
and positive family history require detailed assessment
and careful interpretation. The severity and phenotypic
expression of RTHB may vary among the affected in-
dividuals, even when carrying thesame mutation. The
differential diagnostic algorithm requires the exclusion
of conditions with similar hormonal changes, such as:

1) increased levels of thyroxin-binding globulin;

2) familial dysalbuminemic hyperthyroxinemia;

3) presence of antibodies against TSH or tetraiodthy-
ronin (T,).

Other transient conditions such as severe systemic
disease, acute psychosis, iodine administration as intrave-
nous contrast agents, amiodarone and beta-blockers, af-
fecting the peripheral conversion of T, to T, may also mim-
ic the hormonal constellation seen in RTHP syndrome.
Last but not least, the rare pituitary TSH producing tumor
should be taken into consideration (Table 1).

Clinical case 1

We present a 25-year-old female (in June 2012)
complaining of palpitations, episodes of neck discomfort
and a visibly enlarged thyroid gland who was referred

for thyroid hormonal testing. Suppressed TSH was
found with significantly elevated peripheral TH levels
suggesting thyrotoxicosis of autoimmune etiology, sub-
sequently confirmed by the presence of TRAK and thy-
roperoxidase antibodies (TPO Abs) (Table 2).

Treatment with antithyroid medication was initiat-
ed in combination with a beta blocker. In November
2012 the patient was found to be pregnant delivering
a full term male infant. No antithyroid drugs were ad-
ministered during her pregnancy. Slightly elevated levels
of TPO Abs as well as TSH receptor antibodies (TRAbs)
were registered during the pregnancy. Due to persistent
complains of palpitations and increased nervousness af-
ter the delivery, antithyroid drug therapy was resumed.

In February 2016 a subtotal resection of the thy-
roid gland was performed. The histology described
,nodular goiter with signs of hyperactivity”. About 10
days later, the patient was hospitalized on emergency
for a hypocalcemia and evidence of postoperative hy-
poparathyroidism (Table 2).

The patient was admitted in our clinic for the first
time in March 2017, taking levothyroxine 125 pg daily.
Her hormonal tests suggested inappropriate TSH secre-
tion. Ultrasound examination of the neck revealed bi-
lateral heterogeneous thyroid remnants with increased
blood flow assessed with Doppler ultrasound (Fig. 1).

Additional biochemical assessment did not in-
dicate increased response to TH in peripheral tissues
(SHBG 33,8 nmo/l; reference range 18-144). A head
MRI did not detect any lesions in the region of the pi-
tuitary gland. The dose of levothyroxine was increased
to 137 pg daily.

First-line relatives of the patient were screened and
we discovered a similar hormonal constellation in her
father (TSH 4,48 plU/ml; FT, 37,4 pmol/l) and her son
(TSH 2,44 ulU/ml; FT, 22,4 pmol/l), confirmed on re-
peated testing (Fig. 2B).

Genetic studies revealed the presence of a mis-
sense mutation in the proband (II-1, Fig. 2C) and her fa-
ther (I-2), located in exon 7 of the THRB gene. This mutation
results in the replacement of guanine with adenine, which
leads to the replacement of the normal arginine-243
with glutamine (R243Q), Fig. 2C). The son (llI-1) and the
mother of the proband (I-1) had normal phenotype and
genotype (Fig. 2).

This mutation has been described so farin 27 unre-
lated families (personal observations - S. Refetoff). It af-
fects the hinge region of THRpB and reduces its binding
to T3 only when the receptor is attached to DNA (7).
The patient’s mother and father also had evidence of
an autoimmune thyroid disease (AITD) as evidenced by
positive thyroid autoantibodies (Fig. 2B). Indeed, sub-
jects with of RTHP have a higher prevalence of AITD
(8). It has been suggested but not proven that chronic
TSH stimulation, which activates intrathyroid lympho-
cytes may induce thyroid damage and AITD.
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Table 1. Comparison of clinical findings and laboratory results in TSH-secreting pituitary adenomas and
resistance to thyroid hormones-beta (RTHR). (Adapted from Tjornstrand A, Nystrom HF. Diagnostic Approach to
TSH-producing Pituitary Adenoma. Europ | Endocrinol 2017; 4: R183-R197.)

Parameters TSH-producing Resistance to
adenoma thyroid hormones
(RTHR)

Goiter 94% 80%
Hypersecretion/deficiency of other Yes No
pituitary hormones
Increased SHBG and / or ICTP 90% 8%
Elevated level of a-subunit Yes No
Increase in TSH after stimulation with TRH Yes No
Increase in the a-subunit after stimulation Yes No
with TRH
Pituitary lesion (MRI / CAT) 99% 23%
Visual field test Possible deviations Normal
TSH response to T, suppression test Negative Partial
DNA mutation analysis Negative Positive
Somatostatin test Decline of FT, >30% FT, does not change

Table 2. | Laboratory tests and treatment - clinical case 1.

Date | TSH plU/ml | FT,pmol/l | FT, pmol/I Treatment TPO n. <35 U/ml Tg Ab n. <40 U/ml
MM.YY (0,4-4) (10,6-21) | (2,8-6,5) TRAK n. <1,75 IU/l TSI <0,55 1U/I
06.2012| 0,017 MMI 3x2tb; propranolol
07.2012| 0,024 89,6 20,5
11.2012 4,21 23,9 7,1 Pregnancy; no treatment
01.2013 1,98 6,4 Pregnancy; no treatment TPO Ab 50,77; TRAK 16 (<30)
06.2013 delivery >MMI
10.2015 3,85 5,5 MMI 2x 1/2 th TPO Ab 120; TRAK 16 (<30)
02.2016 14,8 23,4 MMI 2tb = near total
throidectomy
after 10 116 16,1 3,3 LT, 75 mkg
days
05.2016 69,9 LT, 100 mkg TPO 196
09.2016 21,4 6,2 LT, 125 mkg
01.2017 26,7 36,1 LT, 125/150 mkg
03.2017 17,1 28,3 5,6 LT, 125 mkg
03.2017| 15,2 26,9 53 LT, 125 mkg TPO Ab 70,7; Tg Ab <20
01.2018| 14,5 30,8 4,5 LT, 100/125 mkg; B-bloker TS10,23

FT, - free T,; FT, - free T,, Tg Ab - thyroglobulin antibodies, TPO Ab - thyroperoxidase antibodies,
TRAK - TSH receptor antibodies, TSI - thyroid stimulating immunoglobulin; MMI - methylmercaptoimidazole;
LT, - levothyroxine.
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Clinical case 2

A 58-year-old female presented with increased
emotional lability, episodes of palpitation, increased
sweating and was diagnosed to have thyrotoxicosis. Se-
rum FT, was elevated but TSH was not suppressed. Ul-
trasound of the thyroid gland showed a nodular goiter
and therapy with propylthiouracil (PTU) and proprano-
lol was initiated.

Follow up of the patient confirmed the elevated
TSH in the presence of normal serum FT, and elevated
serum FT, levels while on PTU (Table 4).

A thyroid scintigraphy performed in January 2012
revealed intensive and homogeneous accumulation of
the radionuclide (2mCi 99mTc-pertechnetate) without
evidence of any functionally distinguishable or active
nodules. (Fig. 3A).

The patient continued the antithyroid drugs until
April 2014. Based on the ultrasound data of thyroid
nodules, a fine-needle aspiration biopsy of a hyper-
echoic nodule in the left lobe was performed (benign
result) and a decision was made for thyroid surgery
(isthmectomy, left lobectomy and partial resection of
right thyroid lobe). After the operation (September
2014) the antithyroid drug treatment was discontinued.

Postoperatively, the patient had persistent thyro-
toxic symptoms and elevated levels of serum TH with
unsuppressed TSH and therefore the therapy with anti-

thyroid drug was resumed. The ultrasound examination
revealed the presence of thyroid remnants with nodular
changes (Fig. 3B, C).

Due to suspicion of a TSH-secreting tumor, a
MRI of the head was performed and found a lesion in
the pituitary gland measuring 2,5 mm (anterior-pos-
terior diameter) to 4 mm (cranio-caudal) to 6,3 mm
(medio-lateral diameter) with the appearance of a mi-
croadenoma (Fig. 4).

Additional biochemical assessment did not show
an increased peripheral tissue response to TH (SHBG
49,9 nmo/l; reference range 18-144). Screening tests
in relatives of the patient revealed unsuppressed TSH
in the presence of high serum TH levels in her daughter
(TSH 0,92 ulU/ml, FT, 29,16 pmol/l, FT, 6,26 pmol/I),
without MRI changes in the pituitary area.

Genetic testing of the proband (I-1) and her daugh-
ter (II-1) disclosed a mutation of the THRB gene (Fig.
5C). The detected THRB gene mutation in this family
was also located in exon 7 where the replacement of
guanine with adenine leads in the replacement of the
normal alanine-234 with threonine (A234T). The mu-
tant receptor has 35% of the activity of the WT recep-
tor. The described mutation has been identified in 11
other families (personal observations - S. Refetoff) and
affects the hinge region of TRP. Given the proven mu-
tation in the proband, we assume that the concomitant
pituitary microadenoma represents an incidentaloma.

Table 3. | Laboratory tests and treatment - clinical case 2.

Date TSH plU/ml | FT, pmol/Il | FT, pmol/l Treatment TPO n. <35 U/ml Tg Ab n. <40 U/ml
MM.YY (0,4-4) (10,6-21) | (2,8-6,5) TRAK n. <1,75 IU/I TSI <0,55 1U/I
10. 2010 1,43 27,2 PTU 4tb Propranolol 20mg TPO 31; TRAK 0,994
11. 2010 4,1 28,3 8,5
12.2011 1,42 33,2 10,5 TRAK 1,93
05. 2012 2,32 26,5 MMI 2tb
11.2013 20,1 21 7,1 MMI 2tb Propranolol 20mg
02.2014 10,5 7,6 MMI 2tb Propranolol 10mg TRAK 2,13
04.2014 25,3 12,7 6,6
09.2014 Partial thyroidectomy
11.2014 3,02 33,8 8,2 MMI 1tb
07.2018 6,28 29,7 8,0 TSI <0,1
08. 2018 24,3 15,8 6,5 MMI 4tb Propranolol 20mg TPO Ab <10; Tg Ab <20
09. 2018 100 3,2 2,8 B-bloker
10. 2018 9,3 22,1 8,1
03.2019 4,43 22 6,7 Propranolol 40mg/daily

FT, - free T,; FT, - free T,, Tg Ab - thyroglobulin antibodies, TPO Ab - thyroperoxidase antibodies,
TRAK - TSH receptor antibodies, TSI - thyroid stimulating immunoglobulin; MMI - methylmercaptoimidazole;

PTU - propylthiouracil.
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Ultrasound of the thyroid gland - clinical case 1

Thyroid remnants
on the left and
right with mild
inhomogeneity of
the parenchyma
without nodular
changes.
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Pedigree of the family (Miv) of the first case and results of thyroid function tests and genetic analysis.
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Q 1 RTHR family Miv
|
1
!
P) 1
n
[—
@ Age years 61 32 6 68 Normal range
TT, pg/dl 8,6 14,9 11,5 14,5 5,4-11,5
TT, ng/dl 122 158 197 177 80-190
TrT, ng/dl 33,0 66,7 33,0 93,4 16-36
FT,l 9,8 18,5 13,0 20,2 6-10,5
TSH mlU/L 2,0 26,9 2,8 4,3 0,4-3,6
TG ng/ml 10 26 6 15 2-38
TGab 28 28 <04 0,3 <0,4
TPOab <0,4 <0,4 <0,4 <0,4 <0,4
Genotype WT/WT MUT/WT WT/WT MUT/WT WT/W

Legend 1 l
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The proband (II-1) hypoparathyroidism following thyroidectomy and at the time of testing was on 137 pg/day
of levothyroxine.

(A) The pedigree with generations indicated by Roman numerals and subjects by Arabic numbers. AITD- au-
toimmune thyroid disease, WT-wild-type or common type, MUT-mutant.

(B) Results of thyroid function tests are aligned with each symbol representing a member of the family. Ab-
normal values are in bold red numbers. TT - total T,, TT.- total T,, TrT.- total reverse T,, FT,I - free T, index, TSH
- thyroid-stimulating hormone, TG - thyroglobulin, TGab - thyroglobulin antibodies, TPOab - thyroperoxidase
antibodies.

(C) Electropherograms of a portion of THRB gene (exon 7 reverse sequence) showing a heterozygous muta-
tion (see legend) in subjects I-2 and II-1.

Sy ——— -

3) b,c Ultrasound of left and right thyroid remnant.

Std, Descr.: HEAD*ROUTINE

Ser. %5 2018.07-27
09184
09:20:33

448 x 378

Pituitary magnetic resonance imaging - clinical case 2. TR : 3600.00

. . . . . . TE: 10900
Microadenoma in the sella turcica with dimensions

2,5/4,0/6,3 mm. Slice Thi.: 4.00 mm
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Pedigree of the family (Mnm)
of the second case and re-
sults of thyroid function tests
and genetic analysis.

The proband (1-1) underwent a partial thyroidectomy five year earlier.
(A) The pedigree with generations indicated by Roman numerals and subjects by Arabic numbers. WT-wild-

Q

RTHR family Mmn 1

o

Legend

THRB
WT<’ MUT

GCC =p ACC

R2347

’ Proband

Age (Years) 39 66 Normal range
TT, pg/dl 13,2 14,5 54115
TT, ng/dl 140 185 80-190
TrT, ng/dl 76,1 53,1 16-36
FT,l 17,2 18,4 6-10,5
TSH mlU/L 1,7 4,9 0,4-3,6
TG ng/ml 39 160 2-38
TGab <04 <04 <04
TPOab <0,4 <0,4 <0,4
Genotype WT/MUT| WT/MUT WT/W

type or common type, MUT-mutant.

(B) Results of thyroid function tests are aligned with each symbol representing a member of the family. Ab-
normal values are in bold red numbers. TT- total T,, TT,- total T,, TrT - total reverse T,, FT,| - free T, index, TSH
- thyroid-stimulating hormone, TG - thyroglobulin, TGab - thyroglobulin antibodies, TPOab - thyroperoxidase

antibodies.

(C) Electropherograms of a portion of THRB gene (exon 7 forward squence) showing a heterozygous muta-
tion (see legend) in subjects I-

1 and II-1.

N
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Conclusion

In most patients, the syndrome of RTHP appears
to be successfully compensated by increased endoge-
nous TH production, and in most cases the individuals
are clinically euthyroid. Failure to recognize the symp-
toms and signs of these rare syndromes leads to inap-
propriate reduction of TH levels with antithyroid drugs
or permanently with radioiodine and surgical resection.
Such therapeutic decisions may exacerbate the signs of
tissue hypothyroidism in resistant tissues and again lead
to imbalance between the temporarily normalized T4
values and the clinical complaints.

Levothyroxine replacement therapy after partial or
complete thyroid ablation should be titrated by using
the pre-treatment TSH, FT, and FT, levels of the pa-
tient as a target, as well as concomitant monitoring of
parameters that assess thyroid hormone action on pe-
ripheral tissues, such as SHBG, cholesterol, ferritin and
creatinine kinase (6).
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Pe3slome

YpuHHama GogHa koHueHmpauua (UIC) ompazaBa peaaHua npuem Ha Gog u ce uznoa3Ba 3a oueHka Ha Gog-
HUA Npuem Ha NonyaauuoHHO HuBo.

Lleama Ha npoyuBaHemo e ga ce HanpaBu oueHka Ha akmyaAHua npuem Ha Gog om 6pemeHHU >keHu 6 bba-
2apun ype3 aHaAu3 Ha MmeguaHama Ha ypuHHama GogHa koHueHmpauua (mUIC).

Mamepuan: 13caegBaru ca 537 6pemeHHu >keHu Ha cpegHa Bb3pacm 30,4915 2. MNpoBegeHo e cpe3oBo
MHo2oueHmpoBo nonyaauuoHHo-6a3upaHo npoyuBaHe npe3 2019 2. B8 obwo 84 ceauwa Ha bvazapus - ¢ u3z-
Becmen B8 muHaromo GogeH gegpuuum (CmoasH, foue AeaveB, Tpoar, labpoBo, Cocua u obaacmma) u ¢ GogHa
gocmambuHocm ([MaeBeH, bypeac, Cmapa 3azopa).

Memogu: 3cregBan e koaudecmBerno TSH ¢ ECLIA memog u e onpegeaeHa ypuHHama logHa KoHueHmpa-
uua cbc cepmudpuyuparHa uHgykmuBHo cBvbp3aHa naazmeHa maccnekmpomempus (ICP-MS).

Pe3zyamamu: B 3 pezuoHa ce ycmaroBu aeko noHuwkeHa mUIC (Toue AeaueB - 144,5 ug/L, labpoBo - 130,5
pg/L u Tpoan - 113,5 pg/L). HanpaBu ce cpaBreHue mexkgy me3u 3 pe2uoHa u ocmaHaaume 7 ¢ HoOpmaAHu HuBa
mUIC u ce nombpcu npuduHama 3a masu pa3auka. 3Hauumo noBeue 6pemeHHu om fabpoBo-TpoaH-Toue AeaueB
ca ¢ Hucka UIC npu cpaBHeHue ¢ 6pemeHHume om gpyaume 2pagoBe (59% cpewy 38,1%) u obpamHomo -
3HAYUMO NO-MAAKO om max umam Hag-onmumaaHa UIC (6,4% cpewy 21,8%), p <0,001. bpemeHHume, kKoumo He
npuemam HukakBu megukameHmu, 8 moBa uucao u kombuHupaHu BumamuHu ¢ muHepaau, om fabpoBo-TpoaH-To-
ue AeaueB ca 23,1% uau 1/4 om uzcaegBanume mam cpewy 15,7% uau 1/6 om GpemeHHume 8 ocmaHaaume
7 2paga (p<0,006).

3akaroderue: [No Bpeme Ha bpemeHHocm e BaxkHo ga ce cybecmumyupa ¢ KombuHupaHu BumamuHu ¢ MUHe-
paAu, ¢ koemo ga ce ocuzypaBa gocmambueH 3a MO3u Nnepuog gonbAHUMEAEH Npuem Ha Uogug.

KaroyoBu gymu: ypurna GiogHa KoHueHmMpauus - HUCKa, HOPMaAHa, Hag-oNnMuMmaAHa; GpemeHHoCm;
cynAaemeHmauun
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BbBegeHue

Mogruam gecbuuum e couuaaHo 3HaYum npobaem,
KOUMmo 3acaza 3HayumeAHa Yacm om HaceaeHuemo 6
pe2uoHU C HUCKO CbgbpykaHue Ha (og B okoaHama
cpega, m.Hap. eHgemudHu pea2uoHu. Haud-epekmub-
Hama npoduAaKmMuyHa cmpameaus 3a NoggbprkaHe
Ha agekBameH npuem Ha (l0g OM UAAOMO HaceAeHue
6 me3u pezuoHu e o6oeamaBaHe C enemeHma Ha ma-
coB0 KoOHCyMupaH NPOgyKm, Kamo CoAma.

MopBama gbp>kaBHa npoepama 3a npebBeHuun
Ha GogHuAa gecpuuum cmapmupa npe3 1869 2. 6 mpu
eHgemuyHu genapmameHma Ha DpaHuus. Ta ckopo e
npekpameHa nopagu cmpaHuyHu edpekmu (tog-base-
goB), BcaegcmBue Ha uzbpaHama mHo20 Bucoka KOH-
ueHmpauua Ha tog - 100 go 500 mg/kg coa (1). 3a
nbpBu Nbm GogupaHe Ha coaAmMa C NpoguAAKMUYHA
ueA e BvuBegero B LLIBeluapua u CALL npe3 1920 2. u
pe3yamamume ca goka3aau, Ye moBa e ycnewHa map-
Ka 3a npogpuaakmuka Ha GogHua gedpuuyum (2). [Npe3
1941 2. macoBo GogupaHe Ha coama ce BbBexga 6
HoBa 3enaangusa, a 8 nepuoga 1950-1960 2. 2oaam
6pol cmparu 6 EBpona, 8 moBa vucro u bbazapus,
BvBexkgam mo3u epekmuBeH U UKOHOMUYECKU U320-
geH memog 3a ychewHa npouaakmuka Ha UogHua
gedpuuum. [pe3 1956 2. y Hac e cvb3gageHa cneyuaa-
Ha pyna om ekchepmu-eHgoKpuHoOAO3U 3a u3y4daba-
He Ha 2ywaBocmma B8 bbacapua u ce npoBexkga ma-
coB ckpuHuHa (4000 ceauwa, T 000 000 HaceAeHue),
npu koemo ce ycmaHoBaBa 50% eywabBocm u 3%
KpemeHu3bm. AHaau3upa ce CbgbprkaHuemo Ha (og
8 nouBa u Boga om pazauuHu ob6AaCMU HA cmMpaHama
u ce uzzomBa Kkapma Ha eHgemuuHume Pe2uUoHU Ha
6aza cmenenma Ha 2ywaBocm. Cv3gaBa ce nbpBa-
ma HauyuoHaAHa npoepama 3a NpouAaKMUKA HA eH-
gemuuHama 2ywa upe3 BouBexxgaHe Ha GogupaHa coa
6 eHgemuuHume pezuoHu. Hanaza ce pazbupaHemo
3a Heobxogumocm om gbp>kaBHa noAumuka 3a pewa-
BaHe Ha moBa 3aboaaBaHe u MuHucmepcku cbBem
Ha HPB u3gaBa NMocmaHoBaeHue 3a 3agbA>KUMEAHO
dogupaHe Ha coama - 16 okmomBpu 1958 2. (3). 3a
nbpBu nbm ,yHuBepcarHo” GlogupaHe Ha coAma Ha
uarama mepumopus Ha bbazapus, obaue, e BbBege-
Ho egBa npe3 1994 2., creg koemo B cpaBHumeaHu
Kpamku cpokoBe ce nocmuzam 3HaYUMEAHU pPE3YA-
mamu. [Npe3 2005 2. oueHkama Ha mexXkgyHapogHa
ekcnepmHa 2pyna nocmaBa cmpaHama cpeg ycnew-
HO npeogoAeaume npobaema ,logeH gecpuuum” (4).

[MpenopbyaHuam cmaHgapm npe3 1994 2. 3a
dogupaHe Ha coanma om World Health Organization
(WHO)/United Nations Children’s Fund (UNICEF) e
20-40 ppm, koemo 2apaHmupa agekBamen gHeBeH
npuem Ha Gog 150 pg npu cpegHo-gHeBHa KOHCyma-
uua Ha con om 10 g (5). Ekckpeyuama Ha Gog ¢ ypuHa-
ma (ypuHHa GogHa koHueHmpauua - UIC) ompa3zaBa

peaAHuUs npuem Ha Uog u ce u3znoa3Ba 3a oueHka Ha
dogHua npuem Ha nonyaauuoHHo HuBo. lNpu cpeg-
HogHeBeH npuem Ha Gog om 150 pg ekckpeuusma Ha
tog B cayuaiHa nopuua ypuHa Bapupa 8 uimepBa-
Aa 100-199 pg/L (6). Koeamo meguaHama Ha nonyaa-
UUOHHa 2pyna om yyeHuuu Ha Bvb3pacm 6-11 20guHu
e 6 mo3u uimepBar, ma ompazaBa agekBameH Uo-
geH npuem. pu GpemeHHU >XeHu nompebHocmume
om Uog HapacmBam c okoao 70% cnpamo Hebpe-
MeHHUMe, nopagu koemo meguaHama Ha UIC (mUIC)
mpa6bBa ga 6bge cbomBemHo no-Bucoka - 150-249
pg/L. MNpuyuHama e B npomeHeHUA PU3UOAOUUHO NO
Bpeme Ha bpemeHHocm memaboAu3bm Ha Goga. Om
egHa cmpara e noBuweHa O0bOpevHama 3azyba Ha
Goga nopagu noBuweHama 2A0MepyAHa puampauus,
a om gpyeza cmpaHa HapacmBatemo Ha hCG (human
chorionic gonadotropin) Bogu go noBuweHue Ha mu-
peougHama oyHKUUA U 0m MyK - u go noBuweHa KoH-
cymauus Ha cybcmpama Gog 3a CUHME3 Ha N0-20Aemu
KoAudecmBa XOpMOHU. AONbAHUMEAHU (haKmopu ca
HapacmBaHemo c okoao 50% Ha protein-bound T4/T3,
Kakmo u Bucokua mpaHcgep Ha Uog npe3 naaueHma-
ma. Ta3u npomaHa no Bpeme Ha BpemeHocm e npu-
yuHama 3a Bb3npuemaHe Ha pazaudHa Hopma Ha UIC
u HeBb3mMoXKHOCMMa ga ce npuaaza ma 3a obwama
nonyaauus (7-9).

PazBumuemo Ha MO3bKa Ha NAOga € KOMNAEKCEH
npouec, koimo 3ano4Ba B panHHama GpemeHocm u
npogbaxkaba 6 nbpBume 2oguHu Ha xxuBoma. VMinme-
AU2eHmMHocmma Ha 4voBek 3aBucu om pazBumuemo
Ha HepBHama mbkaH, a mupeougHume XOPMOHU ca
ocHoBHu 3a pazBumuemo U (10-12).

Lleama Ha Hacmoawomo npoyuBaHe e ga ce
HanpaBu oueHka Ha akmyaAHua npuem Ha Uog om
O6pemeHHU >xeHu B BbA2apus Ha HaUUOHAAHO U peau-
OoHaAHO HuBo upe3 aHaAu3 Ha ypuHHama UogHa KOH-
ueHmpauus.

AM3AMH: TpoBegeHo e cpe3oBo MHO20UEH-
mpoBo nonyaauuoHHo-6a3upaHo npoyuBaHe B ne-
puoga om 25 cenmemBpu go 6 HoemBpu 2019 2. 6 10
peauoHa Ha bbacapua - Cocpua u Cocpulicka obracm
- CamokoB, TMupgon u okoaHume ceaa, CmoasH, Toue
AeaueB, TabpoBo, TposaH-Anpuauu, bypeac, Cmapa
3azopa, IMaeBer uau obwo 84 ceauwa. MNogbopbvm
Ha peauoHume He GOewe caydaeH. baxa BkaoueHu
eHgeMuuHu pez2uoHu c¢ uzBecmeH B muHaromo Uo-
geH gecpuuum, kamo CmonaH, Toue AeaueB, Mabpo-
B0, TpoaH, Coua-epag, Cogpuiicka o6Aacm, Kakmo u
pea2uoHu ¢ GogHa gocmambyHocm - bypzaac, Cmapa
3azopa, INreBen u ob6racmume um. MNpoyuBanemo ce
ocbwecmBu brazogapeHue Ha cbmpygHudecmBo Ha
104 eHgOKPUHOAO3U U 2UHEKOAO3U, KOUMO NOKaHuxa
3a yyacmue B ckpuHuH2a Hag 630 GpemeHHU >KeHu.
Ommax yuacmue B3exa 537 6pemeHHu xeHu (85,2%).
PaznpegeaeHuemo Ha yyacmHuukume no pe2uoHU e
npegcmabBero 6 Tabauua 1 (Taba. 1).
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Mamepuan

M3caegBanume 537 GpemeHHU >KeHu ca Ha cpeg-
Ha Bb3pacm 30,4915 2. [95% Cl:30,06-30,91], megu-
aHa - 30 2. (18-47 2.) [95% Cl:30-31]. B Tabauua 2 e
npegcmaBena cpegHama Bb3pacm Ha GpemeHHume
>KEHU NO pea2uoHu, Kamo He ce ycmaHoBu 3Havyuma
pa3zauka mexkgy max. Hal-maagume ca 8 Toue Aen-
yeB (27,85+5,48 2.), a HaU-Bb3zpacmHume - 6 Cocpun
(31,39£3,98 2.) (Taba. 2).

Bcuuku yyacmHuuku ca nognucaau uHcopmupa-
HO cbeaacue, nomBbpgeHo om AokarHama Komucua
no emuka 8 YHuBepcumemcka boaruua ,Cocpuameq”,
kamo mo e nogezomBeHo B cbeaacue ¢ emuyHume
cmaHgapmu cnopeg gekaapauusma om  XeA3uHKu
- 1964 2. u no-kbcHume U gonbAHeHua (13). Bcaka
OpemeHHa >KeHa € NONbAHUAA AUMHO BbNPOCHUK € no-
MOWw,ma Ha cheyuasHoO onpegeAreHO MegUUUHCKO AUUe
om ekuna ,Auue B8 Auue” ¢ uea KopekKmHo cbbupaHe
Ha gaHHU OMHOCHO ucmopua Ha bpemeHocmma, a-
MUAHOCM, Npuem Ha KOMBUHUpaHU BumamuHu ¢ MuHe-
paAu, gpyau megukameHmu no Bug u go3u, 3a HaAuY-
HU MUpEeougHU UAU gpyau 3aboaaBaHus.

Okaza ce, ue 85% (458/537) om OpemeHHU-
me >KEeHU ca npuemaau megukameHmu [Magnesium
supplements - 125 (23,27%), Acid Folic - 118 (21,9%),
Micronised progesterones - 23 (4,2%), Iron supplements
- 64 (11,9%), Spasmolytics - 32 (5,9%), Aspirin - 30
(5,5%), Low molecular weight heparins - 27 (5,0%),
Levothyroxine/mupeocmamuk - 77 (14.3%), Methyldopa
- 4 (0,7%)] - camocmoameAHo uAu B pazAuuHU KOM-
6uHauuu. OcHoBHo, obaue, B Hag 50% (271/537) om
caydaume moBa ca 6uau kombuHupaHu BumamuHu ¢
MUHepaAu, KOUmMo ca NpuemaHu CamoCmOfMEAHO UAU
3aegHO C gpy2u MegukameHmu, cnopeg NpPOmMOKO-
Aa npu Al cneuuaarucmume u maka ce ocuzypaBa no
150 pg Gog gHeBHo. Had-yecmo om megukameHmume
ce cpewam mazHe3ul, poaueBa KuceAuHa U XeAa3o
(57%), gokamo ocmaHaaume npenapamu ca gaBanu
Ha omgeAHu GpemeHHU >KeHu € ueA 3anazBaHe Ha Gpe-
meHocmma u goBeskgaHemo U go ycneweH 3aBbpuwiek
- CNAa3MOAUMUUU, NPO2ECMUHU, aHMmMuKoa2yAraHmu.
Mpu 77 (14,3%) om 6pemeHHume e ycmaHoBeHa cyb6-
cmumyuus ¢ Levothyroxine uau mupeocmamuk 3a u3-
BecmHo mupeougHo 3aboaaBaHe. Bcuuku yuacmHuuu
ca om kaBka3zkama paca, 6e3 gaHHU 3a YepHOgpPOOHU,
6bbpeuHu 3ab6oraBaHuA UAU gaHHU 3a marabcopbuus.
BpemeHHume »eHu ca caegBaau obuvalHua cu gHeBeH
pexkum Ha >xuBom npe3 npegxogHume meceuu.

Memogu

Caeg nonbaBaHe Ha nepcoHaaHuA BbnpocHuK, Ha
Bcaka GpemerHa >keHa e B3ema Ha eragHO cympewHa
BeHo3Ha kpbB om kybumaasama Bexa, npoba npacHa-
cympewHa ypuHa, npoBegeHo e exozpacko uzcaeg-

Bare Ha wumoBugHama >kae3a.

OcHoBHume uHguKamopu, KOumo onpegeAam
{og-gecpuyumHOMO CbCMOAHUE Ca: pa3mepbm Ha
ypuHHama GogHa KoHueHmpauus, HuBomo Ha TSH u
obembm Ha wumoBugHama »kae3za. OcHoBeH Kpume-
pull 32 OUEHKa Ha peaAHUA NpUem Ha U0g € KOHUEH-
mpauuama Ha tog 8 ypuHama (UIC), mbl kamo 90%
om npuemomo koauvecmBo ce ekckpemupa 6 ypuHa-
ma nacuBHo 8 nbpBume 24 yaca 6 3aBucumocm om
eGFR) (14). Taka, UIC npu paBHomepeH xpaHumeaAeH
npuem npegcmaBa paBHoBecuemo mexgy guemuy-
HUA Nnpuem, MupeougHama UOgHa ekcmpakuus, 00-
WOoMO MUPEOoUgHO XOPMOHAAHO geno U pazmepa Ha
2romepyaHa puampauusn (GFR).

/_IpU/\O)KeH areopumsm npu CKpUHUHza:

1. OnpegearaHe Ha eywaBocmma cpeg u3creg-
BaHama nonyaayus. OcBeH naanauua Ha wudHama
obaacm 3a onpegeaaHe pazmepa Ha wumoBugHama
»Ae3a e npoBegeHo u exozpadpcko uzcaegBaHe, kamo
obembm e u3uyucAeH No cmaHgapmuHa opmyisa u
npegcmabBex 6 mL (15-17).

2. AabopamopHuam aHaau3 Ha Bcuuku KpbBHU
npobu e npoBegeH 6 egHa LlenmpaaHa aabopamo-
pua B8 geHa Ha B3emaHe Ha KpbBHama npoba cympuH
Ha 2AagHo. M3noa3Banu ca BakymelHepu 3a cepym
CbC cenapayuoHeH 2eA, KOUMO ca mpaHcnopmupaHu
ueHmpodgyaupaHu go Aabopamopusama. V3caegBan e
koauvecmBero TSH ¢ ECLIA memog mun caHgBuy Ha
aHaauzamop Cobas e 601. Pesyamamume ca u3pase-
HU B8 mIU/L (pecbepermuu epanuyu: 0.27-4.2).

3. OnpegeneHa e ypuHHama UogHa KOHUeHmMpa-
yus (UIC).

AHaAu3bM Ha ypuHHama GogHa KOHUgHMpauua
ce u3zBobpwbBa B cayualHa nopuua cympewHa ypuHa.
B cneuuaaHu gobpe 3amBopeHu KoHmelHepu ce no-
cmaBa ~20 mL ypuHa, KoAmo ce mpaHchopmupa go
ueHmpaAHama Aabopamopus 3a aHaAu3. YpuHume ce
3ampazaBam u ce coxpaHaBam Ha -20°. 3ampazeHume
npobu ce uznpawam 3a aHaau3 B aabopamopuama
Limbach Laboratory, Heidelberg, Germany. Memogbm
3a aHaAu3 e cepmudpuyupaHa uHgykmuBHo cBbp3aHa
naagmeHa maccnekmpomempusa (ICP-MS), cbc caeg-
HUMe Xapakmepucmuku Ha memoga: AUHeeH guana-
30H Ha cmaHgapmHama kpuBa 6 uHmepBana 0-4000
pg/L, npeuyusHocm 6 cepua npu 304 pg/L, Bbmpew-
Ho AabopamopHa Bb3npouszBogumocm (RSD) 0,8%,
Bb3npouzBogumocm B cepua cbe SeronormTM Trace
Elements urine (SNU): (RSD) 4,5%, n=15, aHaaumuveH
go6uB 104%. Pesyamamume ca npegcmaBenu 6 pg/L.

CbeaacHO mpume MeXKgyHapogHU op2aHu3auuu
- World Health Organization (WHO), International
Council for Control of lodine Deficiency Disorders
(ICCIDD) u United Nations Children’s Fund (UNICEF)
tuogeH gecouuum ce gedpuHupa npu mUIC nog 100
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Tabauya 1. Pa3npegeseHue Ha bpemeHHUME >XeHU No Bpol U NPOUEHM NO Pe2uoHU.

Ob6Aacm bpou Mpouenm | Baaugen npouyenm | KymyaamuBen npoueHm
bypzac 102 19,0 19,0 19,0
loue AeaueB 20 3,7 3,7 22,7
labpobo 34 6,3 6,3 29,1
Mupgon 9 1,7 1,7 30,7
MaeBen 83 15,5 15,5 46,2
Camoko6 29 5,4 5,4 51,6
CmonaH 24 4,5 4,5 56,1
Cmapa 3azopa 84 15,6 15,6 71,7
Codpun 128 23,8 23,8 95,5
Tpoau 24 4,5 4,5 100,0
O6wo 537 100,0 100, 00

Tabauuya 2.

CpegHa Bb3pacm Ha 6pemeHHUME XeHu No
mecmoykuBeeHe.

Pezuon CpegHa CmangapmHo
CMOUHOCM | OMKAOHeHue
bypzac 31,069 5,243
Toue AeaueB 27,850 5,480
rabpo6o 31,265 4,999
Mupgon 30,444 7,350
MaeBen 29,880 5,279
Camoko6 30,000 6,777
CmonaH 28,750 5,024
Cmapa 3azopa 30,571 4,752
Codpun 31,398 3,985
Tpoan 28,458 5,013
O6uwo 30,490 5,062

pg/L 3a obwama nonyaauua u geuama, gokamo Hop-
MaAHUMe cmoUdHocmu 3a bpemeHHU >keHu mpabBa ga
6bgam mexxgy 150-249 pg/L (15, 18). 3a goaHa pe-
pepeHmHa 2paHuua Ha UIC npu BpemeHHU >KeHu ce
npuema 150 pg/L kamo npu mUIC Ha 2pyna nog masu
cmoUHOCM Ce npuema, ye uma puck om GogeH gedu-
uum (19, 20). Bbznpuemume uHmepBaau 3a oueHka
Ha UIC cnopeg meguaHama Ha noka3ameas npu bpe-
MeHHU >XeHu e: Hucka 1-149 pg/L, HopmaaHa 150-249
pg/L, Hag-onmumaaHa > 250 pg/L.
Cmamucmuyeckuam aHaAu3 e npoBegeH ¢ no-
mowyma Ha cmaHgapmen SPSS 13.0 for Windows: ge-
ckpunmuBeH aHaau3 (cpegHa cmoUHoCcm, cmaHgapm-
HO OMKAOHEHUe, MeguaHa); KopeAauUuoOHeH aHaAu3 U

aHaau3 Ha Bapuauuume (ANOVA, post-hoc test - with
Bonferroni alpha correction), napamempuueH u Hena-
pamempuueH aHaau3, BkatouBaw, - Chi-Square Test,
Fisher's Exact Test, Kolmogorov-Smirnov, Shapiro-Wilk
Tests, Levene's Test for Equality of Variances, Student’s
t-test, Kruskal-Wallis test u Mann-Whitney test. Bcuuku
KoaudecmBeHu npomeHAuBu ca npegcmaBeHu kamo
cpegHa CmoUHOCM U CMaHgapmHoO OMKAOHEHUE, Me-
guaHa uAu npoueHm, P cmouHocm nog 0,05 e npu-
ema 3a cmamucmu4ecku Cu2HUUKaHmMHa.

Pesyanmamu

CpegHomo HuBo Ha UIC 3a usrama 2pyna 6pe-
MeHHU >keHu (n=537) e 181,605+93,972 ug/L, a megu-
aHama Ha ypuHHama GogHa koHueHmpauua (mUIC) 3a
uarama 2pyna bpemeHHu >keHu (n=537) e 170 ug/L (11
pg/L-497 ug/L), (95% goBepumerer uHmepBan 161
pg/L-177 pg/L), 20mu nepceHmua 102 ug/L, 80mu
nepceHmuA - 248,0 pg/L. B caegBawama Tabauua 3
ce npegcmabBa cpegHomo HuBo Ha UIC u mUIC 6v68
Bceku uzcaegBaH pezuoH. YemanoBu ce, ue bpemeH-
Hume >keHu camo om TposaH, fabpoBo u loue AerueB
umam mUIC nog goaHama pedpepeHmHa 2paHuya Ha
Hopmama 3a 6pemeHHu >keHu om 150 pg/L (Taba. 3).

Kakmo ce Buyxga camo 6 mpu pea2uoHa ce ycma-
HoBu Aeko noHuxkeHa mUIC [labpoBo - 130,5 pg/L
(108-168), Tpoan - 113.5 pg/L (93-185), Toue AeaueB
- 144,5 pg/L (119-208)]. HanpaBu ce cpaBHeHue mex-
gy me3u mpu peauoHa U OCmaHaAume cegem C Hop-
maAHu HuBa Ha mUIC u ce nombpcu npudyuHama 3a
maszu pazAuka.

O6wuam 6poi 6pemeHHu xxeHu B FabpoBo, Tpo-
aH u Toue AeaueB e 78 (14,5%), a 6 ocmaHaaume 7
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(mean+SD u median, 95% CI for median).

Tabauya 3. HuBa Ha ypuHHa GogHa KoHueHmpauua 6 gecemme peauoHa Ha cmpaHama.

Pezuon CpegHa CmangapmHo Meguana 95% ClI
CMOUHOCM | OMKAOHEHue Lower Bound | Upper Bound
bypaac 182,1 91,5 167,5 152,0 182,0
I. AerueB 161,8 87,1 144,5 119,0 208,0
la6poBo 144,7 69,0 130,5 108,0 168,0
Mupgon 163,5 71,8 176,0 89,0 224,0
MaeBen 186,5 97,5 172,0 146,0 204,0
CamokoB 245,6 113,5 201,0 171,0 306,0
CmoAaH 187,5 73,6 181,0 130,0 231,0
Cmapa 3azopa 170,6 89,8 162,0 141,0 186,0
Codpun 192,1 99,5 178,0 160,0 200,0
Tpoan 137,3 66,6 113,5 93,0 185,0
Obwo 181,6 94,0 170,0 161,0 177,0

Tabauya 4. PagnpegeaeHue Ha BpemeHHUMe xeHu cnopeg HUBomo Ha UIC 6
fabpoBo-TpoaH-Toue AeaueB cpewy ocmaHaaume 7 peauoHa.

Hu6o la6po6o-Tpoau- Apyzaume 7 pezuoHa O6wo

Ha Glogypua loue Aeaueb (n-78) (n-459) (n-537)
1-149 pg/L 46 (59%)* 175 (38,1%)* 221 (41,1%)
150-249 pg/L 27 (34,6%) 184 (40,1%) 211 (39,3%)
250-497 pg/L 5 (6,4%)* 100 (21,8%)* 105 (19,6%)
O6wo 78 (100%) 459 (100%) 537 (100%)

*p<0,001(Fisher's Exact Test)

peauoHa e 459 (85,5%). Cnopeg HuBomo Ha UIC 6pe-
MeHHUMe ca paznpegeaeru 6 3 nogepynu - A) Hucka
1-149 pg/L (41,2%); b) HopmaaHa 150-249 ug/L (39,3);
B) Hag-onmumanHa 250-497 pg/L (19,6%). Paznpege-
AeHUemo Ha bpemeHHUMe >KeHU cnopeg me3u mpu
HuBa Ha UIC om labpoBo-Tpoar-Toue AeaueB cpewy
ocmaHaaume 7 peauoHa ce npegcmabBa 6 Tabauua 4
(Taba. 4).

Obwo 3a cmpaHama Hucka UIC e Haauue npu
221 6pemeHHU >keHu (41,1%), a HOpMaAHa u Hag-on-
mumaAHa - npu 316 6GpemeHHu (58,9%). Oka3Ba
ce, ye 3Ha4yumo noBeue GpemeHHU >XeHu om [abpo-
Bo-Tpoan-Toue AeauyeB ca ¢ Hucka UIC npu cpa6-
HeHue c OpemeHHumMe om gpy2ume pea2uoHu (59%
cpewy 38,1%) u obpamHOMO - 3HAYUMO NO-MAAKO
om max umam Hag-onmumaaHa UIC (6,4% cpewy
21,8%), p < 0,001.

Ob6embm Ha mupeougeama 8 mpume peauoHa 6
cpaBHeHue ¢ ocmaHaAume cegem He Noka3a 3Havuma
pa3Auka (7,7+2,3 mL cpewy 8,3£2,4 mL, NS).

Ha kak60o ce gbAKu A€KO NOHWKeHama ypuHHa tog-
Ha KoHueHmpauua 6 la6poBo-Tpoan-Toue AerueB?

AHaAu3upa ce npuembm Ha KombuHupaHu Bu-
MamMuHU C MUHEpaAu UAU gpyau AekapcmBa 8 uana-
ma 2pyna u3caegBaHu bpemeHHu keHu. OkaszBa ce,
ye 79 GpemeHHu >xeHu (14,71%) He npuemam HUWO
(epyna A), 271 (50,47%) om bpemeHHUMe npuemam
KombuHupaHu BumamuHu ¢ MuHepaau (2pyna b) u 187
(34,82%) npuemam gpyau rekapcmBa 6e3 BumamuHu
(epyna B). B Tabauua 5 npegcmaBame obwo npuema
Ha megukamenmu no BugoBe 3a uarama 2pyna om
537 GpemeHHU >eHu, kakmo u omgeaHo 6 gBeme
nogepynu pezauoHu (Taba. 5).
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Mpuem Ha megukameHmu | Fa6poBo-TpoaH- Apyzaume Obwo Tabauya 5.
no Bug loue AeaueB 7 pe2uoHa
Mpuem Ha megukameHmu
Ipyna A 6 labpoBo-TpoaH-Toue
He npuemam megukameHmu 18 (23,1%)* 72 (15,7%)* 90 (16,8%) AeaueB cpewy ocmata-
AUMe 7 pe2uoHa.
Ipyna b
Mpuemam komGuHUpaHu 27 (34,6%) 248 (54%) 275 (51,2%)
BumamuHu ¢ MuHepaAu
Ipyna B
[Mpuemam gpyzu
MegukameHmu pa3AuYvHU 33 (42,3%) 139 (30,3%) 172 (32%)
om BumamuHu
O6wo 78 (100%) 459 (100%) | 537 (100%)

*p<0,006 Fisher's Exact Test

OkaszBa ce, ue npuembm Ha KomOuHupaHu Buma-
MUHU € MuHepaau ce aBaBa pewaBaw, 3a noggbp>kaHe
Ha HopmaaHa UIC. bpemeHHUmMe >KeHu, Koumo He npu-
emam HukakBu megukameHmu 6 moBa yucao u Komou-
HupaHu BumamuHu ¢ muHepaau om fabpoBo-Tpoar-To-
ue AeaueB ca 23,1% uau 1/4 om uzcaegBaHume mam
cpewy 15,7% uau 1/6 om GpemeHHUmMe B8 ocmaHaau-
me 7 peeauoHa (p<0,006, Fisher's Exact Test). Ako ce
obeguHam pyna A u B (He npuemam Bumamunu) u ce
cpaBuam c [pyna b (npuemam kombuHupaHu Bumamu-
HU C MUHepaau), we ce ycmaHoBu, ve 65,4% om bpe-
meHHume 6 TabpoBo-Tpoan-Toue AeaueB uau noumu
2/3 He npuemam BumamuHu cpewy 46% 6 ocmaHaau-
me 7 peauoHa (p<0,006).

N360gbm om mo3u aHaAu3 e, 4e uma 3HauYuUMa-
ma pazAuka mMexxgy me3u Mpu peauoHa Ha cmpaHa-
ma (FabpoBo-Tpoan-Toue AeaueB) u gpyeume cegem
No omHoweHue npuema Ha kombuHupaHu BumamuHu
¢ murepaau. OueBugHo no Bpeme Ha GpemeHHoCM e
BaxkHo ga ce cybcmumyupa ¢ kombuHupaHu Bumamu-
HU C MUHepaAu, C Koemo ga ce ocueypaBa gocmamo-
yeH 3a MOo3U Nepuog goNbAHUMEAEH Npuem Ha Uo-

gug. Taka moxke ga ce noggbp>ka HOpMaAHa YpuHHa
GogHa KoHueHmpauua no Bpeme Ha GpemeHHOCM.

baazogapHocmu:

ABmopume 6razogapam Ha 104 eHgOKPUHOAO3U
U aKywep-2UHEKOAO3U, KOUMO Nnogkpenuxa npoekma:
B. MomoBa (Tpoar), C. AumumpoBa (labpoBo), AHueB
(fabpoBo), MumeB (labpoBo), A. MonoB (loye Aes-
yeB), A. AHgpeeB (CamokoB), E. AnocmoaoBa (Cmo-
AgH), M. XybueB (Cmonan), C. Aumumpo8 (Iupgon),
P. HaymoBcka (IreBen), M. ManyeauaH (bypeac), K.
KupoBakoB (bypzac), labpoBcka (bypeac), M. Anze-
AoBa (Cmapa 3azopa), K. BenkoBa (Cogus), P. BereB
(Cogpua), V. Cuepugo8 (Cogpus), b. boeocaoBoBa (Co-
¢pua) ... obwo 104 cneyuaaucmu om cmpaHama.

TexHu4ecka nogkpena: T. KopHuaoBa (Cogpus), 3.
MemogueBa (Cogpua), tO. TeopaueBa (Cogpus), X.
AmanacoBa (bypeac), A. iaueBa (Cmapa 3azopa).

lpoekm®em e nogkpeneH ¢ epaHm om bwvazap-
cko ApyxxecmBo no EngokpuHoAozua kamo 4Yacm
om Hayuonarna enugemuonozuyna [Ipozpama 3a
b6pemenHu xeHu 6 bvazapus, 2019 ecoguHu.
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Urinary iodine concentration (UIC) is used to assess iodine intake at the population level.

The aim of the study was to assess the current iodine intake of pregnant women in Bulgaria by analyzing the
median urinary iodine concentration (mUIC).

Material: 537 pregnant women, mean age of 30,49%5 years were studied. A cross-sectional multicenter popu-
lation-based study was conducted in 2019 in a total of 84 settlements in Bulgaria consisting of regions with a known
iodine deficiency in the past (Smolyan, Goce Delchev, Troyan, Gabrovo, Sofia), as well as regions with iodine suf-
ficiency (Pleven, Burgas, Stara Zagora).

Methods: TSH was quantified by the ECLIA method and the UIC was determined by certified inductively cou-
pled plasma mass spectrometry (ICP-MS).

Results: In three regions a slightly reduced mUIC was found (Gotse Delchev, Gabrovo, Troyan). A compari-
son was made between these three regions and the other seven with normal mUIC. Significantly more pregnant
women from Gabrovo-Troyan-Gotse Delchev had low UIC (<149 pg/L) compared to pregnant women from other
regions (59% vs 38,1%) and conversely significantly fewer of them had over-optimal UIC (>250 pg/L) - 6,4% vs
21,8%, p<0,001. Pregnant women who did not take any medications, including combined vitamins with minerals
from Gabrovo-Troyan-Gotse Delchev were 23,1% vs 15,7% in the other seven regions (p<0,006).

Conclusion: During pregnancy it is important to substitute with combined vitamins and minerals to ensure
sufficient additional intake of iodide for this period.

Key words: urinary iodine concentration - low, normal, over-optimal, pregnancy, supplementation
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Introduction

lodine deficiency is a socially significant problem
that affects a significant part of the population in re-
gions with low iodine content in the environment, the
so-called endemic regions. The most effective prophy-
lactic strategy for maintaining adequate iodine intake
by the entire population in these regions is enrich-
ment with the element of a mass-consumed product,
such as salt.

The first state program for the prevention of iodine
deficiency started in 1869 in three endemic depart-
ments of France. It was soon discontinued due to side
effects (iodine-Bazedov), due to the chosen very high
concentration of iodine - 100 to 500 mg/kg of salt (1).
Salt iodization was first introduced for prophylactic pur-
poses in Switzerland and the United States in 1920, and
the results proved that it was a successful measure for
the prevention of iodine deficiency (2). In 1941, mass
iodization of salt was introduced in New Zealand, and
in the period 1950-1960 a large number of countries
in Europe, including Bulgaria, introduced this effective
and cost-effective method for the successful preven-
tion of iodine deficiency. In 1956, a specialist group of
endocrinologists was established in Bulgaria to study
goiter in the country and mass screening (4 000 settle-
ments, 1 000 000 population) was conducted, during
which 50% goiter and 3% cretinism were established.
The iodine content in soils and water from different
areas of the country was analyzed and a map of en-
demic regions was prepared based on the degree of
goiter. This resulted in the first National Program for the
prevention of endemic goiter by introducing iodized
salt in endemic regions. The understanding of the need
for a state policy to solve this disease was necessary
and the Council of Ministers of the People's Republic
of Bulgaria issued a Decree on mandatory iodization
of salt - October 16, 1958 (3). The first time, however,
Juniversal” iodization of salt in the whole of Bulgaria
was introduced was not until 1994, after which signifi-
cant results were achieved in a relatively short time. In
2005, the evaluation of an international expert group
placed the country among those who had successfully
overcome the problem of ,iodine deficiency” (4).

The recommended standard set in 1994 for salt
iodization by the World Health Organization (WHO)
/ United Nations Children's Fund (UNICEF) is 20-40
ppm, which guarantees an adequate daily intake of 150
pg of iodine with an average daily salt consumption of
10 g (5). Urinary iodine concentration (UIC) reflects ac-
tual iodine intake and is used to assess iodine intake at
the population level. At an average daily iodine intake
of 150 g, the excretion of iodine in a random portion
of urine varies in the range of 100-199 ug/L (6). When
the median of a population group of children aged 6-11
years is in this range, it reflects adequate iodine intake.

In pregnant women, iodine requirements increase by
about 70% compared to non-pregnant women, so the
median of UIC (mUIC) should be correspondingly higher
- 150-249 pg/L. The reason for this is the physiologically
altered iodine metabolism during pregnancy. On the one
hand, renal iodine loss is increased due to increased glo-
merular filtration, and on the other hand, the increase in
hCG (human chorionic gonadotropin) leads to increased
thyroid function and hence to increased consumption of
iodine substrate for the synthesis of larger amounts of hor-
mones. Additional factors are an increase of about 50% in
protein-bound T,/T,, as well as high iodine transfer across
the placenta. This change during pregnancy is the reason
for the perception of a different rate of UIC and the inabil-
ity to apply that to the general population (7-9).

The development of the fetal brain is a complex
process that begins in early pregnancy and continues
in the first years of life. A person's intelligence depends
on the development of nervous tissue, and thyroid hor-
mones are essential for its development (10-12).

The aim of the present study was to assess the
current iodine intake of pregnant women in Bulgaria at
the national and regional level by analyzing the urine
iodine concentration.

Design

A cross-sectional multicenter population-based
study was conducted in the period from September 25
to November 6, 2019 in 10 regions of Bulgaria - Sofia
and Sofia region - Samokov, Pirdop and the surround-
ing villages, Smolyan, Gotse Delchev, Gabrovo, Troy-
an-Apriltsi, Burgas, Stara Zagora, Pleven or a total of
84 settlements. The selection of the regions was not
random. Endemic regions with known iodine deficien-
cy in the past were included, such as Smolyan, Gotse
Delchev, Gabrovo, Troyan, Sofia-city, Sofia region, as
well as regions with iodine sufficiency - Burgas, Stara
Zagora, Pleven and their districts.

The study was carried out thanks to the coopera-
tion of 104 endocrinologists and gynecologists, who in-
vited more than 630 pregnant women to participate in
the screening. Of these, 537 pregnant women (85,2%)
took part. The distribution of participants by region is
presented in Table 1 (Table 1).

Material

The 537 pregnant women studied had a mean age
of 30,49%5 years, [95% Cl: 30,06 - 30,91], median - 30
(18-47), [95% CI: 30-31]. Table 2 presents the average
age of pregnant women by region, with no significant
difference between them. The youngest were in Gotse
Delchev (27,85+5,48 years), and the oldest - in Sofia
(31,39£3,98 years) (Table 2).

All participants signed an informed consent, con-
firmed by the local Ethics Committee at Sofiamed Uni-
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versity Hospital, and it was prepared in accordance
with the ethical standards according to the Helsinki
Declaration of 1964 and its later additions (13).

Each pregnant woman filled in a personal ques-
tionnaire with the help of a specially designated medi-
cal person from the ,face to face” team in order to cor-
rectly collect data on the pregnancy history, the intake
of combined vitamins with minerals, other medications
by type and dose and any family history available for
thyroid or other diseases.

It became apparent that 85% (458/537) of preg-
nant women were taking medication [Magnesium sup-
plements - 125 (23,27%), Folic Acid - 118 (21,9%),
Micronised progesterones - 23 (4,2%), Iron supple-
ments - 64 %), Spasmolytics- 32 (5,9%), Aspirin - 30
(5,5%), Low molecular weight heparins - 27 (5,0%),
Levothyroxine/thyrostatic - 77 (14,3%), Methyldopa -
4(0,7%)] - alone or in different combinations. Howev-
er, mainly in 50,46% (271/537) of the cases these were
combined vitamins with minerals, which were taken
alone or together with other medications, according to
the protocol of the gynecologists, and thus 150 ug io-
dine was provided daily. The most common drugs are
magnesium, folic acid and iron (57%), while the other
drugs are given to individual pregnant women in order
to preserve the pregnancy and bring it to a successful
conclusion - antispasmodics, progestins and anticoagu-
lants. In 77 (14,3%) pregnant women, substitution with
Levothyroxine or a thyrostatic was found for a known
thyroid disease. All participants were Caucasian, with
no evidence of liver or kidney disease or evidence of
malabsorption. Pregnant women had been following
their usual daily routine in previous months.

Methods

After filling in the personal Questionnaire, morn-
ing venous blood from the cubital vein and a sample
of fresh morning urine was taken from each pregnant
woman on an empty stomach and an ultrasound exam-
ination of the thyroid gland was performed.

The main indicators that determine iodine defi-
ciency are: the urine iodine concentration (UIC), the
level of TSH and the volume of the thyroid gland. The
main criterion for assessing the actual iodine intake is
the UIC, as 90% of the ingested amount is excreted in
the urine passively in the first 24 hours depending on
eGFR (14). Thus, the UIC with a uniform diet represents
the balance between dietary intake, thyroid iodine ex-
traction, total thyroid hormone depot and glomerular
filtration rate (GFR).

Applied screening algorithm:

Determination of goiter among the studied popu-
lation. In addition to palpation of the cervical region to
determine the size of the thyroid gland, an ultrasound

examination was performed, the volume was calculat-
ed according to a standard formula and is presented in
mL (15-17).

The laboratory analysis of all blood samples was
performed in one Central Laboratory on the day of tak-
ing the blood sample in the morning on an empty stom-
ach. Serum vacutainers with separation gel were used,
which were transported centrifuged to the laboratory.
TSH was quantified by the ECLIA sandwich method on
a Cobas e 601 analyzer. Results are expressed in mIU/L
(reference limits: 0,27-4,2).

Urine iodine concentration (UIC) is determined.
The analysis of urine iodine concentration is per-
formed in a random portion of morning urine. About
20 mL of urine is placed in special tightly closed con-
tainers and transported to the central laboratory for
analysis. Urine was frozen and stored at -20° until all
samples were collected for analysis. The frozen sam-
ples are sent for analysis to the Limbach Laboratory,
Heidelberg, Germany. The analysis was performed us-
ing the accredited inductively coupled plasma mass
spectrometry (ICP-MS) method with the following
characteristic: linearity in the range of 0-4000 pg/L,
precision in the series at 304 ug/L, RSD 0,8%, inter-as-
say SNU=304 pg/L, 15 shifts, RSD 4,5%; accuracy
percentage deviation from adjusted nominal value of
the certified reference material SeronormTM Trace El-
ements urine (SNU) (304 pg/L): 4,0% (data set=4x12),
recovery 104%. The results are in ug/L.

According to three international organizations - the
World Health Organization (WHO), the International
Council for Control of lodine Deficiency Disorders (IC-
CIDD) and the United Nations Children's Fund (UNICEF)
iodine deficiency is defined at a median urinary iodine
concentration (mUIC) below 100 pg/L for the total pop-
ulation and children, while normal values for pregnant
women should be between 150-249 ug/L (15, 18). The
lower UIC reference limit in pregnant women is 150 pg/L
and the median group below this value is considered to
be at risk of iodine deficiency (19, 20). The accepted
intervals for assessment of UIC according to the median
of the indicator in pregnant women is: low 1-149 ug/L,
normal 150-249 ug/L, over-optimal >250 pg/L.

The statistical analysis was performed using stan-
dard SPSS 13,0 for Windows: descriptive statistics
(mean, medians, standard deviation), correlation anal-
ysis and analysis of variance (ANOVA, post-hoc test -
with Bonferroni alpha correction), using parametrical
and non-parametrical methods, including - Chi-Square
Test, Fisher's Exact Test, Kolmogorov-Smirnov, Shap-
iro-Wilk Tests, Levene's Test for Equality of Variances,
Student’s t-test, Kruskal-Wallis test and the Mann-Whit-
ney test. All quantitative variables were presented as
mean with standard deviation, median or percentage
(unless specified otherwise), p values below 0,05 were
accepted as statistically significant.
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Table 1. Number and percentage of pregnant women by regions.

Region Number | Percentage | Valid percentage | Cumulative percentage
Burgas 102 19,0 19,0 19,0
Gotse Delchev 20 3,7 3,7 22,7
Gabrovo 34 6,3 6,3 29,1
Pirdop 9 1,7 1,7 30,7
Pleven 83 15,5 15,5 46,2
Samokov 29 5,4 5,4 51,6
Smolyan 24 4,5 4,5 56,1
Stara Zagora 84 15,6 15,6 71,7
Sofia 128 23,8 23,8 95,5
Troyan 24 4,5 4,5 100,0
Total 537 100,0 100, 00

Table 2. Average age of pregnant women by
place of residence.
Region Mean Standard
Deviation
Burgas 31,069 5,243
Gotse Delchev 27,850 5,480
Gabrovo 31,265 4,999
Pirdop 30,444 7,350
Pleven 29,880 5,279
Samokov 30,000 6,777
Smolyan 28,750 5,024
Stara Zagora 30,571 4,752
Sofia 31,398 3,985
Troyan 28,458 5,013
Total 30,490 5,062
Results

The mean UIC level for the whole pregnant group
(n=537) was 181,605+93,972 ug/L and the mUIC for
the whole pregnant group (n=537) was 170 pg/L (11-
497 pg/L), (95% confidence interval 161-177 pg/L),
20" percentile 102 pg/L, 80th percentile - 248 pg/L.
The following Table 3 presents the mean UIC and the
mUIC level in each study region. It was found that preg-
nant women only from Troyan, Gabrovo and Gotse
Delchev have a mUIC below the lower reference limit
of the norm for pregnant women of 150 ug/L (Table 3).

As can be seen, only in three regions was the mUIC
level slightly reduced [Gabrovo - 130,5 ug/L(108-168),
Troyan - 113,5 ug/L (93-85), Gotse Delchev - 144,5
pg/L (119-208). A comparison was made between

these three regions and the other seven with normal
mUIC levels and the reason for this difference was
sought.

The total number of pregnant women in Gabro-
vo, Troyan and Gotse Delchev is 78 (14,5%), and in
the other seven regions it is 459 (85,5%). According
to the level of UIC, pregnant women are divided into
three groups - A) low 1-149 ug/L (41,2%); B) normal
150-249 pg/L (39,3%); C) over-optimal 250-497 ug/L
(19,6%). The distribution of pregnant women accord-
ing to these three levels of UIC from Gabrovo-Troy-
an-Gotse Delchev against the other seven regions is
presented in Table 4 (Table 4).

In total for the country low UIC is present in 221
pregnant women (41,1%), and normal and over-op-
timal in 316 pregnant women (58,9%). It transpired
that significantly more pregnant women from Gabro-
vo-Troyan-Gotse Delchev have a low UIC compared to
pregnant women from other regions (59% vs. 38,1%)
and, conversely, significantly fewer of them have an
over-optimal UIC (6,4% vs 21,8 %), p<0.001.

What is the reason for the slightly reduced
urine iodine concentration in Gabrovo-Troyan-Gotse
Delchev regions?

The intake of combined vitamins and minerals or
other drugs in the whole group of studied pregnant
women was analyzed. It was revealed that 79 pregnant
women (14,7%) did not take anything (Group A), 271
(50,47%) of pregnant women took combined vitamins
with minerals (Group B) and 187 (34,82%) took other
drugs without vitamins (Group C). Table 5 presents the-
total drug intake by type for the whole group of 537
pregnant women, as well as separately in the two sub-
groups of regions (Table 5).

It proved to be the case that the intake of com-
bined vitamins with minerals is crucial for maintaining
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Table 3. Levels of mean UIC and mUIC in the ten regions of the country (mean % SD, Median,
95% CI for Median).
Regions Mean Standard Median 95% Cl
deviation Lower Bound | Upper Bound

Burgas 182,1 91,5 167,5 152,0 182,0

Gotse Delchev 161,8 87,1 144,5 119,0 208,0

Gabrovo 144,7 69,0 130,5 108,0 168,0

Pirdop 163,5 71,8 176,0 89,0 2240

Pleven 186,5 97,5 172,0 146,0 204,0

Samokov 245,6 113,5 201,0 171,0 306,0

Smolyan 187,5 73,6 181,0 130,0 231,0

Stara Zagora 170,6 89,8 162,0 141,0 186,0

Sofia 192,1 99,5 178,0 160,0 200,0

Troyan 137,3 66,6 113,5 93,0 185,0

Total 181,6 94,0 170,0 161,0 177,0

Table 4. Urine iodine Gabrovo-Troyan- Other seven regions Total
Distribution of pregnant | concentration Gotse Delchev (n=738) (n-459) (n-537)
women according to the
level of UIC in Gabrovo- 1-149 pg/L 46 (59%)* 175 (38,1%)* 221 (41,1%)
Troyan-Gotse Delchev 150-249 pg/L 27 (34,6%) 184 (40,1%) 211 (39,3%)
against the other seven 250-497 pg/L 5 (6,4%)* 100 (21,8%)* 105 (19,6%)
regions. Total 78 (100%) 459 (100%) 537 (100%)
*p<0,001(Fisher's Exact Test)
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Table 5.

Do not take medication 18 (23,1%)*

Taking the drug Gabrovo, Troyan, | Other seven Total
by type Gotse Delchev regions
Group A

72 (15,7%)*

intake in Gabrovo-Troy-
90 (16,8%)

Group B
Supplemented with
vitamins and minerals

27 (34,6%)

248 (54%)

the other seven regions.

275 (51,2%)

Group C
Take other
medications other
than vitamins

33 (42,3%)

139 (30,3%)

172 (32%)

Total 78 (100%)

459 (100%)

537 (100%)

*p<0,006 Fisher's Exact Test
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Opu2uHanHa cmamus

lIpomenu 6 ob6ema u cmpykmypama Ha Wumo-
Bugnama xne3a, mupeougeH abmoumyHumem
Npu OPEMEHHU XEHU — 0bAZAPCKU gaHHU Om
2019 zoguna
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' KauHuka no EHgokpuHoaozug, YHuBepcumemcka boaHuua ,Cocuameq”,

2MeguuuHcku gpakyamem, Cocpulicku YHuBepcumem ,C8emu Kaumenm Oxpugceku”, Cogua, bbazapusa

Agpec 3a KopecnoHgeHyuA: MocmwnBare: 13. 07. 2020
Mpodp. AHHa-Mapusa bopucoBa, gmH PeBuzupare: 11.10. 2020
' KauHuka no EHgokpuHoaozus, YHuBepcumemcka [Mpuemanre: 18. 10. 2020

boaHuua ,Cocpuameq”,
2MeguuuHcku cakyamem, Cocputicku YHuBepcumem
,CBemu Kaumenm Oxpugcku”, Cocpun, bvazapusa

Pe3slome

Mo npuHuyun 6pemeHHocmma moxe ga ce pazBuBa 8 ycaoBuama Ha Aek GogeH gecpuuum nopagu Bucoku-
me HY>kgu 8 mo3u nepuog u moBa moxke ga ce HabaogaBa gopu 6 30HU ¢ GogHa gocmambyHocm. Lleama Ha
u3caegBaHemo e ga ce nombpcu Bpb3kama mexxgy mupeougHua obem u cneyuduyHume 3a bpemeHHOCMMa
pakmopu, KaKmo U ga ce onpegeAu Yecmomama U xapakmepa Ha CmpykmypHUme mupeougHU NPpomeHu npu
OpemeHHuU.

Mamepuan: V3caegBanu ca 547 GpemeHHu >keHu, cpegHa Bb3pacm 3045 2. INbpBa GpemeHHocm ce ycma-
HoBu npu 245 (45,1%) u nopegHa npu 302 (54,9%) BpemeHHU XeHu.

Memogu: YAmpacoHo2padhcko U3yucAeHUe Ha mupeougHua obem no cmaHgapmHa popmyaa; OnpegeaaHe
HuBomo na TSH, FT,, TPOAb upe3 ECLIA memog; V3mepBare Ha ypuHHama koHuermpauua Gogug (UIC) upes
akpegumupaH memog Ha uHgykmuBHa kynaupaHa naazmeHa mac cnekmpomempus (ICP-MS).

Pesyamamu: Hag 97% om GpemeHHUMe >XeHU umam HopmaseH mupeougeH obem - 8,94%2,62 mL, koe-
mo e cBbp3aHo ¢ HopmaaHOomMo cpegHo HUBo Ha UIC - 181,60+93,97 ug/L pecn. meguaHa Ha UIC (mUIC) -
170 pg/L (95% Cl: 161-177). B xoga Ha bpemeHHOoCcmmMa mupeougHuam obem HapacmBa (nbpBu mpumecmbp
8,42£2,55 mL cpewy mpemu mpumecmbp 9,31+£2,80 mL, p<0,011). MNpu nvpBa bpemeHHOCM MupeougHUAM
obem e no-manbk B8 cpaBHeHue ¢ obema npu nopegHa bpemeHHocm - 8,67%2,23 mL cpewy 9,15+2,85 mL,
p<0,01. TupeougHuam obem npu 55 bpemerHu >xeHu ¢ TPOAb(+) e 3Hauumo no-2oaam B cpaBrerHue ¢ 492 bpe-
MeHHU keHu ¢ TPOADb(-) - 10,17+3,67 mL cpewy 8,80£2,42 mL, p<0,002. Oka3Ba ce, ye mupeougHuam obem e
3HaYUMO No-20AaM U Npu HoBoomkpuma Bb3aecma 2ywa - 9,77+2,81 mL cpewy 8,73£2,51 mL, p<0,001, kakmo
u npu 6pemeHHu >eHu ¢ noBeue om eguH Bb3er - 11,39+3,18 mL cpewy 8,77+2,48 mL, p <0,001. Bv3au Ha
wumoBugHama »Ae3a ca Haauue npu 21,75% om GpemeHHumMe >keHu (ocHOBHO Kucmo3Hu), kamo camo 6 6,7%
ca buau uzBecmHu.

3akatodeHue: TupeougHuam obem npu HpemeHHume Gbaeapku e 6 Hag 97% om cayuyaume HOPMaAeH U
npako ompazaBa ycmaHoBeHama HopmaAHa cpegHa Gogypua npu max. Aekomo my yBeauueHue B xoga Ha
bpemeHHOoCMMa e u3pa3 Ha pu3zuoroz2uyHa aganmauua 8 omaoBop Ha Aek GogeH gecpuuum B8 mo3u nepuog Ha
noBuweHu HY>Xgu.

KarouoBu gymu: mupeougen o6em, mpumecmup, nopegha 6pemennocm, TPOAb(+), Bb3au
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BbBegeHue

IMpoyuBarua Bbpxy ypuHHama UogHa KOHUEH-
mpauua (UIC) npu GpemeHHu >xeHu B bwbacapua
ca npoBegeHu npe3 1999 2. (BapHa, 180 »xeHu) (1),
2001 2. (Cogpusn, 51 »eHu) (2), 2003 2. (HaUUOHAAHO,
355 »keHu) (3), 2008 2. (HayuoHaaHO, 150 >xeHu) (4).
C uskatoueHue Ha npoyuBaHemo npe3 1999 2., npu
ocmaHaaume ca BkaloueHu GpemeHHU >KeHu camo om
Bmopu u mpemu mpumecmubp. Pe3yamamume om
me3u npoyuBarua ca aHaauzupaHu om A. MBaHoBa u
cbmp. npe3 2013 2. (5). ABmopume obobwaBam, ue
meguaHama Ha dogypuama Ha GpemeHHume >eHu B
BbAcapua e Ha goAHama 2paHuua Ha pedepeHmHun
uHmepBan, koemo nokazBa HeBucok npuem Ha (og
u Bepoamto moBa e pe3yamam om Cb3HamMeAHOMO
oepaHuvaBaHe KoHcymauuama Ha CoA, OMHOCUMEAHO
HUCKUA CmaHgapm 3a JogupaHe Ha CoAma u Auncama
Ha gONbAHUMEAHO CcynAemeHmupaHe ¢ Gogcbgbpika-
WU Npenapamu Ha 3HavumeAHa Yacm om GpemeHHu-
me >eHu.

To3u mBbpge gbabe uHmepBar om 12 2., 6 kouU-
mo He e HanpaBeH HUMO eguH CKPUHUH2 Ha UOgHUA
U mupeougeH cmamyc Ha OpemeHHUMe ObA2apcKu
YKEHU, HAAOXKU ga ce opeaHu3upa u npoBege cucmem-
Ho u3zcaegBaHe Ha ma3zu BaxkHa yacm om nonyaauus-
ma, koemo uma mBbpge Bucoko Meguko-COUUaAHO
3HaueHue.

B Hacmoawua aHaau3 ce npegcmaBa eguH MHO20
MaAbK OMpPA3bK OM UAAOCMHO NONYAAUUOHHO NPO-
yuBaHe, kamo ce cbcpegomovaBame ocHoBHO Bbp-
xy npomeHu 8 mupeougHua obem, kakmo u Bbpxy
cmpykmypHume npomeHu 8 wumoBugHama >kae3a
(o2HUWHU U gudby3HU) HA BpemeHHUME >KeHU.

bpemeHHocmma gaBa ompaxkeHue Bbpxy obema
Ha wumoBugHama >kAe3a, kKakmo u Bbpxy HelHama
yHKuua. B cmpaHume ¢ gocmamvyueH UogeH npu-
em e ycmaHoBeHo, ye obembm Ha wumoBugHama
*ae3a ce yBeauuaBa c okoro 10% no Bpeme Ha Hpe-
meHHocm, a 6 obaacmu ¢ Hegocmuz Ha Gog obembm
HapacmBa ¢ 20-40% (6).

Ouwge npe3 1921 2. Marine D u Kimball PO om-
6eanzBam, ye opopmaHemo Ha 2ywa no Bpeme Ha
OpemeHHOCM e pe3yamam Ha UogeH gecpuuum u
moBa moxe ga ce npeBeHmupa ¢ npuem Ha tog (7).
B MNMpeambiora Ha moHozpagpuama lodine Deficiency
Disorders and Their Elimination’2017 nog pegakuuama
Ha Elizabeth N. Pearce (8) ce yumupa nybaukayuama
Ha Clements FW u comp., 1960 2. (9) - ,,... les aspects
pratiques de la lutte contre le goitre endemique, ainsi
que la legislation de la prophylaxie par l'iode.” u om
umemo Ha C30, ce nocmaBa Bbnpoca 3a uzkAtoUU-
meAHo npocmama u eBmutxa npeBeHuuama c Gog Ha
eHgemuyHama 2ywa. Mo npuHuyun GpemeHHOoCMMa
moxke ga ce pa3BuBa 6 ycaoBuama Ha Aek logeH ge-
dpuuum nopagu Bucokume Hy>kgu 8 mo3u nepuog u

moBa moxke ga ce HabaogaBa gopu B 30HU ¢ GogHa
gocmambuHocm. VimeHHo mo3u UogeH gedpuuyum
cnopeg Hintze G u comp. (1991 2.) upe3 noBuweHue
8 TSH e npuuuHa 3a yBeauuyeHuemo Ha wumoBugHa-
ma »Ae3a npu 6pemeHHu >eHu (10).

Rasmussen NG u comp. (1989 2.) ycmaHoBaBam
yBeauueHue B obema Ha wumoBugHama >kAe3a no
Bpeme Ha bpemeHHocm - om 20.2£2.0 mL npe3 Bmo-
pua mpumecmbp go 24.1+2.2 mL npe3 mpemua mpu-
mecmbp, kamo B cobwomo Bpeme He ce omkpuBa npo-
maHa B HuBomo Ha TSH npe3 6pemenHocmma (11).
Omkpum ocmaBa Bbnpocbm gaau yBeauueHuemo 6
mupeougHua obem no Bpeme Ha GpemeHHOCM ompa-
3a8a puzuoroeuuHa aganmauua 6 o6aacmu c Aek Uo-
geH gecpuuum uau moBa e NnamoAO2UYHO CbCMonAHUE,
cBbp3aHo ¢ gepuyuma Ha Gog. HopmaaHuam obem
Ha wumoBugHama »Ae3a e (PyHKUUA Ha npuema Ha
tog, noguepmaBam u Berghout A u cemp. (12).

OcHoBHume cmumyramopu 3a pacmexx Ha wu-
moBugHama >ae3a npu bpemeHHocm ca TSH, uoBew-
kuam xopuaaeH 2oHagomponuH (hCG) u GogHuam
gecpuyum, kamo no Bpeme Ha bpemeHHocm TSH ce
gbp>ku 6 pamkume Ha HopmaaHume cu 2paHuuu (13).
TupeougHuam obem Kkopeaupa ¢ HuBomo Ha TSH.
To3u xopmoH cnaga npe3 nbpBua mpumecmsvbp u
ce Bpvwa kbm HuBama cu om npegu GpemeHHOCM-
ma npe3 mpemua mpumecmdsbp (14). Kamo ce umam
npegBug npomeHume B xoga Ha GpemeHHocmma 6
HuBomo Ha TSH 6 HopmaaHume my epaHuuu, mpabBa
ga gonycHem, ye mupeougHuam obem BepoamHo He
e noBauaH om TSH.

B obaacmu c¢ GogHa gocmamubyHocm obembm
Ha wumoBugHama >ae3a He ce yBeauyaBa no Bpe-
me Ha 6pemeHHocm, Bbnpeku Bucokomo HuBo hCG
npe3 nbpBua mpumecmsbp, Ho 8 Mo3u momeHm HuBo-
mo Ha TSH e Hucko. B o6racmu c GogeH Hegocmue,
obembm Ha wumoBugHama >kae3a HapacmBa u moBa
BepoamHo e cBobp3aHo ¢ aBmopeayramopHu mexa-
HU3Mu Ha Uoga Bbpxy pacmexa Ha mupeougeama
(15). Berghout A u Wiersinga W npaBam cucmemeH
aHaAu3 Ha obema u pyHkuyuama Ha wumoBugHama
»KAe3a no Bpeme Ha bBpemeHHOCM U gocmu2am go 3a-
KAloYeHue, ye BcobwHocm o6embm U pyHKUUAMA Ha
wumoBugHama >kae3a no Bpeme Ha GpemeHHOCM ce
aganmupam no (pu3uUOAO2UYEH NbM 3a NoCpewaHe
Ha noBuweHume Hy>kgu om Uog u eHepausa (15).

Yecmomama Ha Bv3aecmama 2ywa npu 3gpabu
Auua (6e3 bpemeHHoCcm), KOAMO e guaz2HOCMUUUpPa-
Ha cAeg yampacoHozpadua ce gBuxku mexxgy 17-23%
B peauoHu c epaHuveH GogeH gecpuuum (16). C Ha-
npegBaHe Ha Bb3pacmma HapacmBa u yecmomama
Ha Bb3Arecmama 2ywa 6 gBama noaa (>keHu: 20-46%,
mbxe: 7-23%) (17). Mpu bpemeHHU >KeHu yecmoma-
ma Ha Bb3Aecmama 2ywa gokazaHa caeg yAmpacoHo-
epacpun e 25% (18).
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MpuuuHume 3a hopmupaHemo Ha MupeougHu
Bb3AU ca MHO206poUHU U BrkalouBam, kakmo GogHua
gedpuuum, NoggbpKaw, XPOHUYHO CMuMyAupaHe Ha
peuenmopa 3a TSH, maka u gpyau ¢pakmopu - my-
mauuu 8 mo3u peuenmop, cmumyrauua om hCG no
Bpeme Ha GpemeHHocm, akmuBHocmma Ha pazAuYHU
pacmexxHu cpakmopu (IGF-1, epidermal growth factor).
[MoBeuemo om u3zbpoeHume cmumyaupawu gakmo-
pu moz2am ga cbuwecmByBam no Bpeme Ha GpemeH-
Hocm u moBa obacHaBa 3awo HapacmBam mupeoug-
Hume Bb3Au 8 Mmo3u nepuog (19).

Hawe nonyaauyuoHHo npoyuBave om 2012 e.
(MbXKe u >keHu, Bb3pacm 20-80 2.) ycmaHoBu uecmo-
ma Ha Bb3Arecmama a2ywa 6 24,4%, kamo npu >XeHume
ma e 32,1% u npu mbxkeme 15,7%, p<0,001. Oka3za ce,
ye npu maagume >keHu (20-29 2. Bv3zpacm) yecmoma-
ma Ha Bb3Arecmama 2ywa e 16%, a npu Hag 70-20guw-
Hume e 45% m.e. noumu 3 nbmu no-yecmo (20).

OcHoBHume uHgukamopu, koumo ca cBvp3aHu
C Haaudyuemo Ha GogeH geduuum ca mpu: UIC, Hu-
Bomo Ha TSH u o6embm Ha wumoBugHama >ae3a.
Ha nbpBo macmo e UIC, Ho u mpume napamembpa
ca macHo cBvbp3aHu no mexgy cu (21). Emo 3awp,
npu npoBe>kgaHe Ha CKPUHUHZ OMHOCHO CbCMoAHUE-
mo Ha wumoBugHama >kAe3a npu GpemeHHu xeHu 6
arzopumbma ce BkaouBam u mpume napamembpa
- oueHka Ha UIC, onpegeaare HuBomo Ha TSH u ya-
mpacoHozpagckomo u3caegBare Ha wumoBugHama
Ae3a 3a uzmepBaHe Ha obema U, Kakmo U 3a ycma-
HoBaBaHe eBeHmyaAHOMO HaAuvue Ha CMPYKMYpPHU
NpomeHu (02HUWHU U gudpy3HuU).

Lleama Ha u3caegBavemo e 8 cpe3zoBo mHozo-
ueHmpoBo nonyaauuoHHo Ga3upaHo npoyuBare ga
ce nombpcu Bpb3kama mexxgy mupeougHua obem u
cneuudpuyHume 3a GpemeHHoCcMMa akmopu, ga ce
onpegeAam decmomama U Xxapakmepbm Ha cmpyk-
MypHUME MUPEoUgHU NPOMEHU NPU BpemeHHU >KeHu,
Kakmo U gOKOAKO 06embm u cmpykmypHuUme npome-
Hu ca cBbp3aHu ¢ mupeougHua aBmoumyHumem.

AusaiiH Ha npoy4yBaHemo

[NpoBegeHo e cpe3oBo mHoz2oueHmMpoBo nonyaa-
UUOHHO 6a3zupaHo npoyuBaHe om 25 cenmemBpu go
6 HoemBpu 2019 2. B8 10 pezuoHa Ha bwvazapusa (Co-
us, Coputicka o6racm - lMupgon, CamokoB; Cmo-
AsH; Toue AeaueB; FabpoBo; Tpoar-Anpuauu; bypeac;
Cmapa 3azopa; NaeBen), kamo 6axa BkaloUeHU MaA-
Ku 2pagoBe u ceara om Bceku pe2uoH uau obwo 84
ceauwia. MNogbpaHu ca peeuoHu ¢ uzBecmen 6 muHa-
Aomo togeH gecpuuum - Cocpua u obracmma, Cmo-
AsH, Toue AeaueB, lfabpoBo, TpoaH, Kakmo u pe2uoHu
¢ GlogHa gocmambyHocm - bypeac, Cmapa 3azopa,
MaeBer u o6Aacmume um. INpoyuBaremo e npoBege-
HO c nogkpenama Ha 104 eHgOKPUHOAO2A U 2UHEKO-
AO2a om nocoyeHume peauoHu. Om gucnaHcepHama

AUCMa Ha pe2ucmpupaHu BpemeHHU npu NOCOoYeHu-
me cneuuaAucmu ca nokaHeHu 3a ydyacmue 630 bpe-
MEHHU >XeHu, kamo ce om3oBaxa 86.8% om max uau
547 xeHu.

Mamepuan

M3caegBaru ca 547 GpemeHHU XKeHu, cpegHa 6b3-
pacm 30%5 2., meguaHa 30 2. (18-47 2.) - 40% (28-32
2.), 23,4% (33-37 2.), 21% (23-27 2.), 8,4% (38-42 2.),
6% (18-22 2.) u 1,1% (43-47 2.). Chopeg mpumecmbpa
OpemeHHUMe >KeHU ca paznpegeaeHu, kakmo caegBa:
nbpBu - 110 (20,10%), Bmopu - 276 (50,45%) u mpe-
mu - 161 (29,43%).

Bcuuku 6pemeHHu »keHu ca om KaBka3zkama paca,
6e3 gaHHU 3a YepHOgpPOOHU, 6bOpevuHu 3aboaaBaHusn
uau manabcopbuua. YyacmHuukume ca nhognucaau
UHPOPMUPaHO CbaAacue, nomBbpgeHo om AOKaAHa-
ma Komucua no emuka 8 YHuBepcumemcka 6oaHu-
ua ,Cocpuameq”, Cocpuicku yHuBepcumem ,CBemu
Kaumenm Oxpugcku”, kamo mo e nogzomBeHo 8 cb-
2Aacue ¢ emuyHUMe cmaHgapmu chopeg gekaapauu-
ama om XeA3uHku -1964 2. u no-KkbCcHUMe U gonbAHe-
Hua (22). Bcaka bpemeHHa >KeHa e NONbAHUAA AUYHO
BbnpocHuk ¢ nomowma Ha cneyuasHO ONpegeAeHo
MEgUUUHCKO Auue om ekuna ,Auue 8 Aauue” ¢ uea Ko-
peKkmHo cbbupaHe Ha gaHHU OMHOCHO uCMopua Ha
bpemeHHocmmMa, npuem Ha KoMbuHUpaHu BumamuHu
Cc MuHepaau, BumamuH D, gpyeu megukameHmu no
Bug U go3u, HaAUYHU MUPEOUgHU UAU gpyau 3aboas-
BaHusa. Mo gaHHUMe om BbnpocHuka ce u3AacHu, ye
npu 245 (44,8%) >keHu ce kacae 3a nbpBa Opeme-
Hocm, npu 216 (39,5%) - 3a Bmopa, npu 57 (10,4%)
- 3a mpema, npu 19 (3,5%) - 3a yemBvbpma u npu
10 (1,8%) - 3a nema u wecma bpemeHHocm. Onepa-
muBHo AeueHue Ha wumoBugHama >ae3a npegu Ha-
cmoawama 6pemeHHocm e npoBegeHo npu 9 (1,6%)
O6pemeHHu >xeHu. pu 151 (27,6%) bpemeHHU >KeHu
ce ycmaroBu HapyweHa yHkuua Ha wumoBugHama
xae3a - 144 (26,3%) xunomupeougu3zbm, 7 (1,3%)
xunepmupeougu3zbm, a 77 (14,07%) ca Ha AeyeHue
cBbp3aHo ¢ mupeougeama (76 ¢ AeBomupokcuH u 1
C Mupeocmamuk).

Memogu

Caeg nonbaBaHe Ha AuuHume gaHHU Bb6 Bb-
npocHuka, GpemeHHuUMe >keHu ca npoBeau mpu 2pynu
u3caegBanua:

1. OnpegenaHe obema Ha wyumoBugHama >kAre3a u
eBeHmyaAHU CMpPYKMyYpHU NPOMEHU (0O2HUWHU U qu-
¢hy3Hu) cpeg uzcaegBarume GpemenHu >xeHu: OcBen
naanauua Ha wulHama obAacm obembm Ha wumo-
BugHama >xae3a e onpegeaeH upe3 yampacoHozpadg-
cko u3caegBane c¢ Digital Color Doppler Diagnostic
Scanner, C5 Ex (Shenzhen Landwind Medical Industry,
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China). M3noa3B8aHa e cmaHgapmHa popmyaa 3a onpe-
geasHe Ha obema Ha wumoBugHama >ae3a, npegcma-
BeH 6 mL (23, 24). 3a GbA2apcka nonyAauua cnopeg us3-
caegBaruama Ha M. boaHoB (25) e npuem HopmamuB
3a cpegeH obem Ha wumoBugHama »ae3a npu 3gpa-
Bu >xeHu (15-74 2. Bv3pacm) om 12,4£3,34 mL (9,06~
15,74 mL). B nogaHaau3a cnopeg Bb3pacmma 3a 2py-
nama 20-29 2. mupeougHuam obem cpegHo e 11,73 mL
(meguara 11,58 mL), a 3a Bv3pacmma 30-44 2 - 13,6
mL (meguaHa 12,93 mL). ABmopbm gonbAHUMEAHO e
aHaauzupaa Bv3npouzBogumocmma npu exozpadcko
uzmepBaHe Ha pazmepume u mupeougHus obem u e
cmueHaa go u3Boga, ue koepuuueHmMbM Ha Bapuauun
(CV, cm3) npu gBe uzmepBarua om eguH uzcaegoBa-
mea e 1,59 mL. [Npe3 2017 2. 8 Amaaca no mupeougHa
yAmpacoHozpapua e NoCoYeHa 2opHama epaHuua 3a
obem npu xeHu <17,4 mL, a CBemoBHama 3gpabHa op-
2aHuzauua (C30) npegaaza 3a HoOpmaaeH mupeougeH
obem npu xeHu 4,4-18 mL (26, 27)

bauzku ca gaHHume u Ha uzcaregoBameau om Cao-
BeHua. Te cpaBHaBam obema Ha wumoBugHama »Ae3a
6 xoga Ha bpemeHHOCMMAa, 4 Mmeceua caeg paXkgaHemo
u 14 meceua no-kbcHo. VimerHo 6 mo3u KbceH nepuog
cAeg pakgaHemo, me npegcmaBam mupeougeH obem
7,842,4 mL uau 6 guanazoHa 5,4 go 10,2 mL (28).

OmHuoBo we noguepmaem, ye MHO20KPAMHO pasz-
AUYHU aBmopu ca uzmbkBaau ocHoBHUA HegocmambK
Ha exoepadpckama Boaymempua - Hucka Bb3npous-
Bogumocm Ha pesyamamume (29). Vimatku npegBug
Bcuuku me3u gaHHu, HuUe ce cbobpazuxme cbe C30
U npuexme goAHa 2paHuua 3a obem Ha wumoBugHa
KAe3a npu >keHu 4,4 ml, a 3a 2opHa epaHuua - 18
mL. ViMeHHO me3u pegpepeHmHuU 2paHuuu NOCAYKU-
xa kamo ocHoBa 3a oueHka Ha Bpb3kama Ha obema
Ha wumoBugHama >Ae3a C HAKOU (PaKmopu, Kamo
pazmep Ha UIC, mpumecmbp, nopegHa bpemeHHocm,
Haauuue Ha TPOADb(+), HuBo Ha TSH, HoBoomkpum xu-
nomupeougu3bm, Haaudue Ha Bb3aecma 2ywa.

2. AabopamopHuam aHaau3 Ha Bcuuku KpbBHU
npobu e npoBeger B egHa ueHmpaatHa aabopamopus
6 geHa Ha B3emaHe Ha kpbBHama npoba cympuH Ha
2nagHo. B cepym ca uzcaegBaHu koauuecmBeHo Ha
aHaauzamop Cobas e€601: TSH ¢ ECLIA memog mun
cangbuy (pecpepeHmuu 2panuuu 0,27-4,2 mlU/L); FT,
c komnemumuBex ECLIA memog (pedepeHmHu 2paHu-
uu 9,3-17,0 ng/L), kakmo u TPOAb ¢ komnemumuBeH
ECLIA memog (pedpepenmnu 2paHuuu <34 1U/mL).

3. Onpegeaare Ha ypuHHama UogHa KOHUeHmpa-
yua. Bcaka GpemeHHa »keHa e gaaa nopuus cympeuwHa
cpegHa cmpya npacHa ypuHa ~20 mL 6 yucma naacm-
macoBa vawa 3a onpegeaaHe Ha UogHama KOHUEH-
mpauus. [Mpobume BegHaea ca mpaHcnopmupaHu Ha
cmaltHa memnepamypa 68 HeympaaHu moHokioB8emu
go LleHmpaaHa rabopamopusn (Cb2AaCHO UHCMPYKUU-
ume npu mpaHcnopm Ha cmalHa memnepamypa

3a Bpeme nog 8 uaca, Hama npomanHa 6 kauecmBomo
Ha npobama). Bcuuku aaukBomu Ha ypuHHU npobu ca
3ampazeHu Ha -20°C go aHaau3a um. Ha caegBawun
geH 3ampazeHume npobu ca mpaHcnopmupaHu 6
cheyuaAHu KoHmelHepu go akpegumupaHama Aabo-
pamopusa Limbach laboratory 8 Heidelberg, Germany.
AHaau3zbm e HanpaBeH upe3 akpegumupaH memog
Ha uHgykmuBHa KynAaupaHa nAa3meHa mac Cnekmpo-
mempusa (ICP-MS) cbc caegHume xapakmepucmuku:
linearity in the range of 0 - 4000 pg/L, precision in
the series at 304 mcg/L RSD 0,8%, inter-assay SNU =
304 pg/L, 15 shifts, RSD 4,5%; accuracy percentage
deviation from adjusted nominal value of the certified
reference material SeronormTM Trace Elements urine
(SNU) (304 pg/L): 4,0% (data set = 4x12), recovery
104%. Pesyamamume ca npegcmaBenu 6 pg/L.

Cmamucmuyeckuam aHaAu3 e npoBegeH cbc
cmaHgapmeH nakem SPSS 13,0 3a Windows: ge-
ckpunmuBeH aHaau3 (cpegHa cmoUHocm, cmaHgapm-
HO OMKAOHEHUE, MeguaHa), KOpeAauUuoHeH aHaAu3 U
aHaAu3 Ha Bapuauuume (ANOVA, post-hoc test - ¢
Bonferroni alpha correction), usnoazBaHu ca napame-
mpuueH u HenapamempuueH memogu - Chi-Square
Test, Fisher's Exact Test, Kolmogorov-Smirnov, Shapiro-
Wilk Tests, Levene's Test for Equality of Variances,
Student’s t-test, Kruskal-Wallis test u Mann-Whitney test.
Bcuuku koauuecmBeru npomeHauBu ca npegcmabe-
HU Kamo CpegHO CbC CMaHgapmMHO OMKAOHEHUE UAU
npoueHm, p cmouHocmma nog 0,05 e npuema kamo
cmamucmuyecku Cu2HUUKaHmMHa.

Pesyamamu

Hal-Hanpeg ce onpegeau cpegHuam mupeou-
geH obem Ha u3caegBaHume 547 GpemeHHU XeHu -
8,94%2,62 ml, meguana - 8,65, muHumym 0,26/makcu-
mym 23,04; (25™ nepceHmua - 7,23, 50™ nepceHmuA
- 8,65, 75™ nepceHmua - 10,37). YcmaHoBu ce, ue
npu obwo 15 (2,73%) GpemeHHU >KeHu uma OMKAO-
HeHue B obema Ha wumoBugHama >Ae3a, cnopeg
npuemume HOPMaAHU epaHuuu - om 4,4 go 18 mL.
Om max ¢ HamaaeH ob6em Ha wumoBugHama >kae3a ca
11 6pemeHHU >keHu (2%), kamo camo gBe om max ca
onepupaHu npegu 6pemeHHocmma u ce omkpoaBam
om ocmaHaaume om ma3u 2pyna ¢ mBbpge mMarbk
mupeougeH obem - 0,26 u 1,43 mL. OcmaHaaume 9
OpemeHHU >KeHu ca ¢ mupeougeH obem om 3,28 go
4,27 mL. Ipu 4 6pemenHu >xeHu (0,73%) ce ycmaHo-
Bu yBeauueH mupeougeH obem - om 20,18 go 23,04
mL. Mpu egHa om max e Haauue akmuBHo aBmoumyH-
Ho 3aboaaBaHe C KAUHUYEH Xunepmupeougu3bm, Npu
gBe >xeHu - GogeH gedpuuum u Bb3Au Ha wumoBugHa-
ma >Ae3a, a yemBbpmama bewe Had-Bb3pacmHama-
om 2pynama - Ha 42 2. u 6e3 mupeougHa namoaoaus.
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Taka, HopmareH obem Ha wumoBugHama >ae3a ce
ycmanoBu npu ocmaraaume 532 (97,25%) 6pemeHHu
»eHu. ToBa moxe ga 6bge cBbp3aHo ¢ ycmaHoBeHo-
mo HopmaaHo cpegHo HuBo Ha UIC 3a uarama epyna
O6pemerHu xeHu - 181,60+93,97 ug/L, pecn. Ha megu-
aHama Ha UIC (mUIC) - 170 pg/L (95% Cl: 161-177).
B aHaAu3a e pazaaegaHo BauaHuemo Ha pakmop pas-
mep Ha Gogypusa Bbpxy mupeougHua obem.

INpegu HacmbnBaHe Ha bpemerHHocmma 9 (1,6%)
om >KeHUme ca npemdbpneAu onepauua Ha wumo-
BugHama >ae3a - 3 no noBog Ha eymupeougHa 6b3-
Aecma 2ywa u 6 no noBog Ha Mupeomokcuko3a npu
aBmoumyHHo mupeougHo 3aboaaBaHe. Yemupu om
onepupaHume GpemeHHU KeHu ca Ha 3amecmBawo
AeveHue ¢ AeBomupokcuH npu aBmoumyHHo mupe-
ougHo 3aboanBaHe, kamo camo B eguH cayyal e no-
cmu2Hamo eymupeougHo cbecmoaHue. ABe om max
ca ¢ Hal-MaAbK mupeougeH ocmambk (0bem 0,26 mL
u 1,43 mL) u, Bbnpexu 3amecmBawomo AeveHue, ca B8
XxunomupeougHo cbcmoaHue. OcmaHaaume 5 >keHu
caeg onepamuBHomo AedeHue ca 6e3 AeBomupokcuH
u ca 8 eymupeougHo cbcmoaHue, kKamo 3 ca onepupa-
Hu 3a Bb3aecma 2ywa. CpegHuam mupeougeH obem
npu usaama 2pyna om 9 >keHu, npembvpnaau npegBa-
pumeaHo onepamuBHo AeveHue Ha wumoBugHama
KAae3a, e 6,88+4,13 mL; meguana 8,18, muHumym 0,26/
makcumym 12,10 (25™ nepceHmun - 3,27, 50™ nep-
ceHmua - 8,18, 75™ nepcermua 10,12).

OcmaHarume 538 BGpemeHHU >keHu 06e3 onepa-
muBHo AeueHue Ha wumoBugHama Ae3a ca CbC
cpegeH mupeougeH obem 8,97+2,56 mL; meguaHa
8,65, muHuMym 3,28/makcumym 23,04 mL (25™ nep-
ceHmMuA - 7,24, 50™ nepceHmua - 8,65, 75™ nepcen-
mua 10,37). AaHHUmMe 3a mpume 2pynu (obwga, one-
pupaHu u HeonepupaHu) ca npegcmaBeru 6 Tabauua
1 (Taba.1).

MNpu cpaBrenHuemo 6 mupeougHua obem Ha gBe-
me 2pynu ¢ u 6e3 onepamuBHo AeveHue npegu Ha-
cmoawama bpemeHHOCM He ce goka3a 3Hauuma pas-
auka (NS). Kakmo ce Buxkga meguaHume ca mBbpge
6Au3ku u ocBeH moBa e HezHauumeaeH HGpoam Ha
OpemeHHumMe >eHu (camo 9) ¢ npegwecmBawo one-
pamuBHoO AevyeHue Ha wumoBugHama xae3a. Vgex-
MUYHUMeE gaHHU U Npu AUNCa Ha 3Ha4yuma pa3Auka
3a yaaama zpyna om 547 >keHu u epynama om 538
HeonepupaHu >eHu no3BoaaBa ga ce pa3zeaexkga mu-
peougHuam obem 3a uarama 2pyna om 547 no omHo-
weHue Bpb3kama my c gpyau ghakmopul.

AHaAu3 Ha ghakmopume, koumo okazB6am 6rua-
Hue Bbpxy mupeougHua obem.

1. YpuHHa tGogHa koHuyeHmpauyua (UIC)

Poarama Ha UIC Bbpxy HuBomo Ha TSH u mupeo-
ugHua obem Gewe u3caegBaHa npu mpume ocHOBHU
HuBa Ha UIC - Hucka (<149 ug/L), HopmaaHa (150-249
pg/L) u Hag-onmumanHa (250-497 ug/L), kamo He ce

ycmaHoBu 3Havuma pazauka mexgy nokazameaume
npu mpume HuBa Ha UIC (Taba. 2).

2. [TopegHocm Ha mpumecmbvpa

B xoga Ha OpemeHHocmma obuvalHoO obembm
Ha wumoBugHama »xae3a HapacmBa, koemo ce npeg-
cmaBa 6 Tabauya 3. Ype3 mecm Ha Kruskal-Wallis ce
ycmanoBu 3Hauyuma pa3auka 8 obema Ha wumoBugHa-
ma »xae3a mexgy nbpBu u mpemu mpumecmbp
(8,42£2,55 mL cpewy 9,31+2,80 mL, p<0,011). Aokaza
Ce U KopeAauua mexkgy mupeougeH obem u nopegeH
mpumecmbp (p<0,014) (Taba. 3).

3. NopegHocm Ha bpemeHHOCmMmMa

V3caegBa ce gokoako nopegHocmma Ha Gpemet-
HOCMMa uma 3HadeHue 3a obema Ha wumoBugHama
»Ae3a. YemaHoBu ce, ve 245 (44,8%) om >xeHume ca
c nbpBa GpemeHHocm, a ocmaHaaume 302 (55,2%)
ce paznpegeaam mexkgy B8mopa bpemenHocm - 216
(39,5%), mpema 6pemeHHocm - 57 (10,4%), yuemBop-
ma 19 (3,5%) u nema, pecn. wecma nopegHu 6pe-
meHHocmu - 10 (1,8%). Obembm Ha wumoBugHama
XAe3a bewe 3HaUUMO NO-MaAabK npu >keHu 6 nvpBa
6pemeHHocm B cpaBHeHue ¢ Bcuuku ocmaHaAau no-
pegHu bpemeHHocmu - 8,67+2,23 mL, meguaHa 8,35
mL cpewy 9,15£2,85 mL, meguaHa 8,96 mL (p<0,01)
(Due. 1).

4. Apyeu cpakmopu - TPOAb(+), HoBoomkpum
xunomupeougu3zbm, HoBoomkpuma Bb3recma 2ywa

YcmaHoBu ce  3HauuMO NO-20AAM  MUpPEOU-
geH obem npu 55™ bGpemeHHu >keHu ¢ TPOAb(+)
- 10,17+3,67 mL, meguaHa - 10,12 (MuHumym 1,43/
makcumym 23,04) 8 cpaBHeHue ¢ 492™ GpemeHHU C
TPOAD(-) - 8,80+2,42 mL, meguaHa - 8,42 (MUHUMYM
0,26/makcumym 21,03), p<0,002. IMNpu HoBoomkpum
Xunomupeougu3zbm mupeougHusm obem e 3HaYUMO
no-maabk 6 cpaBHeHue ¢ uzBecmuus - 8,44+2.34 mL,
meguaHa 7,97 (muHumym 3,89/maxkcumym 17,47) cpe-
wy 9,13£2,68 mL, meguara 8,92 (muHumym 0,26/mak-
cumym 23,04), p<0,001.

KoHcmamupa ce, ye mupeougHuam obem e 3Ha-
YUMO NO-20A9M Npu HoBoomkpuma Bb3zrecma 2ywa 6
cpaBHeHue ¢ uzBecmna (9,77+2,81 mL, meguaHna 9,33
- 4,96-20,26 cpewy 8,73%£2,51 mL, meguaHa 8,34,
0,26-23,04, p<0,001), Kakmo u npu OpemeHHU >KeHu
c noBeue om eguH Bb3er B cpaBHeHue ¢ eguHuveH
(11,39£3,18 mL, meguana 11,15, 6,55-20,26 cpewy
8,77%2,48 mL, meguaHna 8,40, 0,26-23,04, p <0,001).

IMpu yampacoHoezpadckua npeaaeg ce ycmaHo-
Buxa B6b3Au Ha wumoBugHama >kAe3a (= 5 mm)npu
119 OpemeHHU >eHu uau yecmoma 21,75%. Camo
npu 8 6pemeHHU >XeHu (6,7%) obpa3zyBaHuemo e 6uro
uzBecmHo owe npegu Hacmoawama bpemeHHocm, a
ocmanaaume 111 (93,3%) GpemeHHU >KeHu ce oKa3-
Bam ¢ HoBoomkpuma Bb3aecma 2ywa. VimeHHo npu
me3u bpemeHHU >keHu 3a nbpBu nbm no Bpeme Ha
CKpUHUH2a ce npaBu yampacoHozpadcko u3caegBa-
He Ha wumoBugHama xae3a. MamuAHOCM 3a Mupeo-
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Tabauya 1. TupeougeH obem 3a uarama 2pyna, € u 6be3 mupeougHa onepauua npegu bpemeHHocmma.

O6em Ha wumoBugHa O6em Ha wumoBugHa O6em Ha wumoBugHa
XAe3a o0wo 3a yarama | ixae3a ¢ npegwecmBawa Ae3a 6e3 npegwecmBawa
2pyna, 547 (100%) onepauuA Ha onepauuA Ha
OpemeHHU XXeHu wumoBugHama xAe3a, wumoBugHama xAe3a,
9 (1,6%) 6pemeHHu xeHu | 538 (98,4%) OpemeHHU >KeHu
CpegHo Hubo 8,94 6,88 8,97
CmaHgapmHo 2,62 4,13 2,56
OMKAOHEHue
MeguaHa 8,65 8,18 8,65
MuHumym 0,26 0,26 3,28
Makcumym 23,04 12,10 23,04
25 7,23 3,27 7,24
Mepcenmuau | 50 8,65 8,18 8,65
75 10,37 10,12 10,37
Hu6o Ha UIC Ungukamop | TSH O6em Ha Tabauya 2.
(mIU/L) | wumoBugnama HuBo Ha TSH u mupeouger o6em npu
*aesa (mL) mpume ocHoBHu HuBa Ha UIC (NS).
0-149 pg/L
Opou 221 221 ugHo 3aboanBaHe e ycmaHoBeHa npu
CpegHo HuBo 2,6 9,08 22/1 196(24,4%) om 6pe6/\/\eHHume >KEeHU ¢
Cmangapmio 143 270 o pa?lg aHu(fl Ha wumoBugHama >xae3a.
pu 6% om b6pemeHHUMe >eHu
OMKAOHEHUEe
(33/547) uma noBeue om egHo obpa3zyBa-
Meguana 2,46 8,70 HUE U NOHAKOZ2A Me Ca C pa3AuyHa Cmpyk-
Muhumym 005 143 mypHa xapakmepucmuka, kKakmo caegBa:
! ! kucmu - 68 (12,4%), cmecen - 41 (7,5%),
Maxcumym 9,89 21,03 coaugeH - 21 (3,8%), xunoexozeHeH - 6
150-249 pg/L (1,1%). Kakmo ce Buxxga Hal-eonam e
6pot 211 211 geAbm Ha kucmozHume Bv3au (12,4%),
O,
CpegHo nuBo 292 8,88 caegBaHu om cmeceHume (7,5%).
PaznpegeaeHuemo no PyHKUUOHA-
CmaHgapmHo 2,32 2,69 AeH cmamyc npu Bb3aecma 2ywa noka-
OMKAOHEeHuUe 3a, ye 23,5% ca c xunomupeougu3bm
Meguana 2,49 8,56 - 28 bpemeHHU >xeHu (20 cbC CYOKAUHU-
MuHuMym 0,02 0,26 YyeH Xunomupeougu3bm U 8 C KAUHUYEH
Makcumym 2415 23,04 xunomupeougu3bm). Camo 4 GpemeHHU
»KeHu (3,3%) ca ¢ xunepmupeougu3bm, a
250-497 ug/L 10 GpemeHHu >xeHu (8,4%) ca c low T,-
6poi 115 115 CUHgPOM, Kamo ocmaHaaume 78 (65,6%)
CpegHo HuBo 277 8,77 ca C HopMaAHa (PyHKUUA Ha wumoBugHa-
ma xaes3a.
Cmatgapmro 1,33 2,26 YcmanoBu ce caaba kopeaauyua mexx-
OMKAOHEHUe
gy Haauvuemo Ha B6b3au 68 wumoBugHa-
MeguaHa 2,60 8,65 ma »xae3a u HuBomo Ha TSH (Spearman's
MuHumym 0,32 3,89 rho=0,139, p<0,01), Kakmo u Mexgy
Makcumym 7,22 18,38 HoBoomkpuma Bb3aecma 2ywa u TSH

(Spearman's rho=0,089, p<0,038).
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Tabauya 3. Auramuxa Ha mupeougen obem npu xeHu 6 pazaudeH cpok Ha bpemeHHocmma.

Tpumecmsp | bpoi | CpegHo | CmaHgapmHo | MeguaHa | MuHuMym Makcumym
Hu6o OMKAOHeHue
MupBu 110 8,42% 2,55 7,98 1,43 17,20
Bmopu 276 8,92 2,47 8,74 0,26 23,04
Tpemu 161 931* 2,80 9,00 4,08 21,03
O6wo 547 8,94 2,60 8,65 0,26 23,04
*p<0,011
MopenHOCT Ha GBpemeHHOCTTa
9,5
9,0
8,5
8,0
7,5
7,0
1 2 3 4 5 6 O6em Ha wumoBugHama »xae3a cnopeg
nopegHocmma Ha 6pemeHHocmmMa.

Camo npu 14 6pemeHHu xeHu (11.8%) c Bb3aecma
2ywa ce Hamepuxa u TPOADb(+). Te3u aHmumena ce
cpewam B % om cayuaume npu GpemeHHU >KeHu C
guyszHu cmpykmypHu npomeru 68 wumoBugHama
KAe3a u camo B % om cayvaume ca HaAuue npu oe-
HUWHU NPOMEHU.

AHaauzbm 3a Bpb3kama mexgy mupeougeH
obem u HuBo Ha TPOADb nokaza, ye 3Ha4YUMO no-ma-
AbK e obembm npu TPOAb(-) 68 cpaBHenue ¢ TPO-
Ab(+) 6pemeHHume xeHu - 8,80£2,42 ml, meguaHa
8,42 (0,26 21,03) cpewy 10,17£3,67 mL, meguaHa
10,12 (1,43-23,04), p<0,002. Aoka3a ce u 3Ha4uma Ko-
peAauun mexgy mupeougeH obem U HaAuyuemo Ha
TPOAb(+) - p<0,02.

HanpaBu BneyamaeHue, yue yecmomama Ha CAY-
yaume ¢ TPOADb(+) e pazauuHa 6 mpume mpumec-
mbpa u gokamo 6 nbpBu u Bmopu mpumecmbp e
okoro 10-12%, mo 6 mpemu mpumecmbp e Haauuge
3Hauyumo HamaneHue Ha TPOAb(+) 8 cpaBHerue c
Bmopu mpumecmsbp - 6,8% (11/161) cpewy 11.96%
(33/276), p<0,05. Mpu GpemeHHUME >KeHu ¢ Xunomu-
peougu3zbm TPOADb(+) ca Haauue 6 28,2% (22/144),
gokamo npu eymupeougHume 6pemeHHu - 6 9,1%
(32/350) m.e. 3 nbmu no-pagko, p=0,057.

MpoBege ce gonbAHUMEAEH aHaAu3 Ha gBe nog-
2pynu 6pemeHHu »keHu - Tpyna 1 (320 ,mupeougHo

3gpaBu”, 58,5%), om koamo 0axa U3KAIOUYEHU >KEeHU-
me ¢ mupeougHa gucyHkyua, ¢ TPOADb(+), kakmo u
npuAazawume megukameHmu c epekm B8bpxy pyHk-
uuama Ha wumoBugHama >xae3a (30) u [pyna 2 (227
,mupeougHo 60AHU", 41,5%). N3caegBa ce omHoBo
Bpb3kama mexkxgy mupeougHua obem u hakmopume,
koumo oka3zBam BauaHue Bbpxy Hezo B gBeme nog-
2pynu u ce HanpaBu cpaBHeHue mexxgy max.

Poag Ha tiogypuama

HuBomo Ha UIC 8 gBeme nogepynu bpemeHHu
»keHu - pyna 1 ,mupeougHo 3gpaBu” u lpyna 2 ,mu-
peougHo 60aHU” e npegcmabBero B Tabauua 4 (Taba. 4).

YcmanoBu ce, ye Hama 3HaYUMa pazAuKa mexxkgy
gBeme nogepynu no omHoweHue Ha togypuama ([py-
nal-174,8+90,1 uyg/mL cpewy pyna 2 - 191,3+98,7
pg/mL, NS), kamo u 8 gBama cayuan Gogypuama e 6
pamkume Ha npuemume HopmaaHu HuBa (150-249 pg/
mL). He ce ycmaHoBu u 3Hauuma pazauka u 6 HuBo-
mo Ha UIC mexgy obwama 2pyna u Bcaka egHa om
nogepynume (NS). B cbwomo Bpeme HanpaBeHomo
cpaBHeHue B8 mupeougHua obem Ha gBeme nogzpynu
O6pemeHHU >xeHu ycmaroBu 3Havuma pazauka (fpyna
1 - 9,16%£2,44 mL cpewy lpyna 2 - 8,62+£2,79 mlL,
T-6,223, p<0,001). CAegoBameAHO, Npu HEZHAUUMO
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no-Hucka Uogypusa e HaAuuge 3Ha4Yumo NO-20AAM MUpPeou-
geH obem npu bpemeHHUMe >keHU 6e3 mupeougHa hamo-
Ao2ug B8 cpaBHeHue ¢ me3u ¢ HaaudHa makaBa (Taba. 5).

PoAd Ha nopegHoCcmMma Ha mpumecmbpa

M3caegBa ce poaama Ha nopegHocmma Ha mpu-
mecmbpa npu gBeme nogepynu u ce ycmanoBu, uve
mupeougHuam obem e 3Hauumo no-2oram camo 6
nbpBu mpumecmbp npu Ipyna 1 (n=62) 6 cpabHe-
Hue c [pyna 2 (n=48) - 8,90+2,40 mL, meguaHa 8,62,
(3,68-15,33) cpewy 7,8+2,64 mL, meguaHa 7,58 (1,43-
17,20, p<0,0015. ToBa o3HauaBa, ye mupeougeama
HapacmBa 3Hauyumo noBeue npe3 nbpBua mpumec-
mbp npu 6pemeHHumMe >keHu 6e3 mupeougHa namo-
Aoz2ua B cpaBreHue ¢ me3u ¢ HaaudHa. TpabBa ga ce
ombeaexu, ve npe3 Bmopu u pecnekmuBHo mpemu
mpumecmbp He ce ycmaHoBu 3Havuma pazauka 8 mu-
peougHume obemu mexxgy gBeme nogepynu.

ObcbikgaHe

TupeougHuam obem no Bpeme Ha GpemeHHOCM
ce noBauaBa om pazauuHU pakmopu - UOgHO 3a-
mecmBare, 2eHemuyHu pakmopu, Bb3pacm, TSH,
aHmMpoNoOMeMpUYHU Napamempu, Opold pakgaHus,
miomioHonywene (31). Zaletel G (2011 2.) gonycka, ve
yBeauveHuemo Ha wumoBugHama >kae3a no Bpeme Ha
bpemeHHoCcm u obpamHOMO U HamaAeHue CAeg pak-
gaHe moz2am ga bbgam cBbp3aHu ¢ noBuweHo kpbBo-
cHabgaBaHe Ha mupeougeama no Bpeme Ha Gpemen-
Hocm (32). Obwonpuemume ocHoBHU cmumyaamopu
Ha pacmeyka Ha wumoBugHama >kAe3a no Bpeme Ha
6pemerHocm ca TSH, hCG u GogHuam gecpuuum (33).

B Hacmoawama paboma Hue ycmaHoBuxme, ye
cpegHomo HuBo Ha mupeougHua obem, Kakmo u Ha
TSH He ce pazaudaBam 3Havumo npu mpume HuBa Ha
UIC. MNMogobHa e koHcmamauuama u Ha Shi X u cemp.

Tabauya 4. CpegHu cmolHocmu u meguaHa Ha UIC 6 obwama 2pyna, kakmo u 8

gBeme nogzpynu (fpyna 1 u pyna 2).

I'pynu 6pemeHHu CpegHo | CmangapmHo | bpou | MeguaHa | MuHumym | Makcumym
XeHu HUBGo | omkAoHeHue

Ipyna 1:

320 6pemeHHu xeHu | 174,84 90,1 317 165 11 482
Ipyna 2:

227 6pemeHHu >xeHu | 191,35 98,7 220 179 21 497
O6wo:

547 6pemenHu xenu | 181,61 93,9 537 170 11 497

PoAg Ha nopegHama bpemeHHocm

Hamepu ce 3Hauumo no-zoaam MmupeougeH
obem npu nvpBa GpemeHHocm 3a xxeHume om [py-
na 1 6 cpaBHeHue c Tpyna 2 - 9,01£2,09 mL, megu-
aHa 8,59, (4,32-15,33) cpewy 8,2+2,35 mL, meguaHa
7,89, (0,26-14,11), p<0,005. B cbwomo Bpeme npu
nopegHa bpemeHHocm (om 2P* go 6™ GpemeHHoCm)
He ce ycmaHoBu 3Hayuma pa3zauka mexgy gBeme
nogepynu (fpyna 1 - 9,29+£2,68 mL, meguana 9,10,
(3,68-21,03) cpewy Ipyna 2 - 8,95+3,07 mL, mequ-
aHa 8,23, (1,43-23,04), NS).

CpegHuasm mupeougeH obem 3a lpyna 1 om
320 6pemeHHU >keHu e 9,16%2,44 mL. Cpeg max 69
»KeHu umam Bb3Aecma e2ywa, yulimo cpegeH obem e
9,99£3,18 mL, HO e He3HauUMO no-2oAaam B cpaBHeHue
c uarama 2pyna, NS. B cowama lpyna 1 He ce ycma-
HoBu u 3Hauuma pazauka B mupeougHua obem npu
49me ykeHu ¢ noBeue om eguH Bb3ea Ha wumoBugHa-
ma >Ae3a 8 cpaBreHue ¢ 20™ cayuvaa ¢ eguH Bb3ea
- 11,21£3,81 mL cpewy 9,48+2,72 mL, NS.

(2015 2.), koumo ycmaHoBaBam, ye Huckomo HuBo
Ha UIC Hama ecpekm Bbpxy cepymHomo HuBo Ha TSH
uau FT, (34). Hue He ycmaHoBuxme u 3HaYuma kopeaa-
uua mexkgy UIC u mupeougHua obem, Kakmo u mex-
gy UIC u HuBomo Ha TSH. CneuuaaHo mpabBa ga ce
ombenexu, ye meguaHama Ha UIC Ha uzcaegBaHume
547 GpemeHHU >KeHU e HopmaaHa u moBa nocmaba
cmpanama Hu 8 2pynama Ha cmpaHume, aukBugupa-
AU GogHua gedpuuum. CaegoBameaHo, HamepeHume
HopmaAHu napamempu 6 Hawua mamepuaa - TSH u
mupeougeH obem ca npak pe3yamam Ha gokazaHama
dogHama gocmamwbuyHocm B cmpaHama. Tpa6Ba ga
ce uma npegBug, ve 6 gpyea Hawa paboma b6ewe go-
KymeHmupaHo, ve Hag 50% om u3zcaegBaHume Ope-
MEHHU >XeHU npuemam gonbAHUMEAHO noAuBumamu-
HU ¢ MuHepaau (6 moBa yucao Gogug 150 ug/L) (35).
ToBa ce npegnpuema no NPOMOKOA Ha akywep-2uHe-
Koao3ume B Hawama cmpaxa u oueBugHo e gonbAHU-
meAeH gpakmop 3a gobpume pezyamamu 6 uzcaegBa-
Hama nonyaauua 6pemeHHU »eHu. Taka, gokamo 280
(51,2%) bpemeHHU >KeHU Nog cynaemeHmMauua
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Tabauya 5. Cpeger obem, pecn. meguaHa Ha wumoBugHama xae3a 6 uanama 2pyna GpemeHHu

>KeHu, kakmo u B8 Tpyna 1 u fpyna 2.

Ipynu 6pemeHHU CpegHo | Cmangapmuo | bpou | MeguaHa | MuHumym | Makcumym

>KeHu Hu6o | omkAaoHeHue
Ipyna 1:

320 6pemeHHU >keHU 9.16 2.44 320 8.96 3.68 21.03
lpyna 2:

227 bpemeHHU >keHu 8.62 2.79 227 8.06 0.26 23.04
O6wo:

547 bpemeHHU >keHU 8.94 2.60 547 8.65 0.26 23.04

BumamuHu U MuHepaau umam mupeougeH obem
7,89£2,12 mL, mo npu 79 (14,4%) 6pemeHHU >KeHu
6e3 cynaemenmauua, obembm e 8,50%£2,37 mL, NS.
Tyk He ce BkaoueHu gpyeu 188 >keHu, KOUMO nNpu-
emam gpye megukameHm pasaudeH om BumamuHu
C MUHEepaAu.

CaoBencku aBmopu Hamupam yBeauueHue B
obema Ha wumoBugHama Ae3a 8 xoga Ha BpemeH-
HOCMmMa U pa3Aaukama e 3Haduma mexxgy nvpBu u
mpemu mpumecmdubp - 8,7+2,5 mL cpewy 11,3£3,1
mL, p <0,001 (28). Cobwama koHcmamauua npaBu u
mypcku aBmop Ozdikici M - 11,95£1,90 mL cpewy
17,20£1,2 mL, p<0,01 (36). [Nogo6HU ca u Hawume
gaHHU, KOUMO UAlOCMpupam 3Hayuma pazauka B
mupeougHua obem mexgy nvpBu u mpemu mpu-
mecmbp, p<0,011.

Hue ycmanoBuxme owge, ye nopegHocmma Ha
6pemeHHocmume cbwo oka3zBa BausHue Bopxy mu-
peougHua obem, Kamo ce gokaza 3Hauuma pazauka
- mupeougeH obem npu 245 xeHu ¢ nbpBa Gpemen-
HOoCmM cpewy mupeougeH obem npu ocmaHaAume
302 bpemeHHU c nopegHa bpemeHHocm - 8,67%2,23
mL cpewy 9,15%£2,85 mL, p<0,01. NpaBu Bneyamae-
Hue no-pazkomo HapacmBaHe 6 mupeogHua oGem
npu Bmopa 6pemeHHocm B cpaBrerue ¢ nbpBa, 3a-
guprkaHe 6 obema npu mpemu u uemBbpma Gpemen-
Hocm u cAaeg Hea caegBa HOB nogem B obema (Due. 1).

Park AE u comp. Hamupam, ye Hag 18% om bpemeH-
HUMe >keHu umam noAo>xumearu TPOAb uau TgAb (37).
[o npuHuun, mHo3uHa aBmopu cuumam, ye TPOAb
npegckazBam puck om pazBumue Ha Xxunomupeo-
uguzbm (38, 39). B Hawua mamepuaa Cbwo ce gokaza
Bpb3ka mexkgy TPOAb(+) u xunomupeouguzma. Okasz-
Ba ce, ye 3HaUUMO NoO-4ecMoO NpubpemeHHUME >KeHU C
xunomupeougu3bm ca Haauue TPOADb(+) 6 cpaBreHue
C eymupeougHume bpemeHHU >eHu, p=0,057. 3Hayu-
MO NO-20AM € U mupeougHua obem npu GpemeHHUMe
»eHu ¢ TPOAb(+) 6 cpaBHeHue ¢ GpemeHHU >XeHu C
TPOAD(-), p=0,002. Taka mpume chakmopa ce oka3zBam
MHO20 macHO cBbp3aHu No mexxgy cu.

Carleé A u comp. ycmanoB8aBam, ue obembm Ha
wumoBugHama >aAe3a npu aBmoumyHeH mupeou-
gum uma laycoBo paznpegereHue u npu gBama noaa,
HO He e OumogareH mogeA. YBeauueH mupeougeH
obem ce HabatogaBa npu auuama ¢ no-Bucoku mupe-
ougHu TPOADb, a no-maabk obem npu Auyama c¢ no-us-
pa3zeH xunomupeougu3zbm (40). Hawama koHcmama-
uua e cblwama - 3HaYUMO NO-20AAM MupeougeH obem
e HaAauue npu Hawume bpemeHHu >xeHu ¢ TPOADb(+)
(p<0,002) u 3Ha4UMO NO-MaAbk mupeougeH obem ce
Hamepu npu GpemeHHUME XeHU C Xunomupeougu3bm
(p<0,001).

Hue gokazaxme u cuaHa 3aBucumocm mexgy
TPOADb u exoepapckama cmpykmypHa Xapakmepuc-
muka Ha wumoBugHama >Ae3a (Xunoexo2eHHoCm,
HexomozeHHocm), p<0,001. YcmaHoBuxa ce exozpadp-
CKU gaHHU 3a xunoexoz2eHHocm npu 13,7% (75/547) u
3a HexomozeHHocm npu 21,6% (118/547) om 6pemen-
Hume >keHu. Te3u CMpPYKMypHU Xapakmepucmuku ce
okazaxa npako cBobp3aHu ¢ HuBomo Ha TPOAb. Ao-
Kamo npu bpemeHHu >xeHu ¢ TPOADb(+) xunoexozeH-
Hocm e Haauue 8 36% (27/75) u HexomozeHHOCmM B
34,7% (41/118), mo npu 6pemeHHu >keHu ¢ TPOAD(-)
xunoexozeHHocm ce ycmanoBaBa 6 5,9% (28/472)
u HexomozeHHocm B 3,3% (14/429). Pazaukume ca
CUAHO 3Havyumu u B gBama cayuan, p<0,001. Caego-
BameAHO e Haauue kpamHo no-Bucoka yecmoma Ha
TPOAD(+) npu BpemeHHU >KeHu C Xunoexoz2eHHa pecn.
HEXOMO2eHHa exoepadpcka CmpyKmMypHa xapakme-
pucmuka Ha wumoBugHama >ae3a.

KaembyHO-MmeguupaHuam u XymopaAHUAM UMy-
HeH omeoBop ca ameHioupaHu no Bpeme Ha Gpe-
meHHocm. VmyHHuam omeoBop e uzmecmeH Kbm
XUMOpaAHUA UMyHUMem u maka ce pa3zBuBa umyHHa
MOAepaHMHOCM KbM MbKaHume Ha naoga. [lopa-
gu ma3u npuvuHa 6 xoga Ha GpemeHHocmma HuBa-
ma Ha TPOADb u TgAb HamaaaBam, kamo gocmuezam
HaU-Huckume cmoUHocmu 6 mpemua mpumecmbp
(41, 42). MNpaBu BneuamaeHue u B Hawua mamepuan,
ye yecmomama Ha caydaume ¢ TPOADb(+) e pazauu-
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Ha Nnpe3 mMpume mpumecmbpa U gokamo npe3 nbpBu
u Bmopu mpumecmbvp e okoro 10-12%, mo 68 mpe-
MU MPUMECMbpP € HaAuue 3HAYUMO HamareHue Ha
TPOAb(+) 8 cpaBHeHue ¢ Bmopu mpumecmsvp - 6,8%
(11/161) cpewy 11,96% (33/276), p<0,05.

AHaauzbm Ha gBeme nogepynu (fpyna 1 u Ipyna
2) He nokaza pa3auuue 8 mupeougHua obem Ha Bcaka
om max C Mo3u Ha usarama 2pyna om 547 bpemen-
Hu >keHu (NS). 3Hauumo no-zoaasmomo HapacmBaHe
8 mupeougHua obem npu 320 GpemeHHU >KeHu 6e3
mupeougHa namoao2ua 68 cpaBrerue ¢ 227 6pemeH-
HU >KEHU C mupeougHa namoaAoezusn, npu ycaroBue, ye
auncBa 3Hauuma pasauka 6 HuBomo Ha UIC, Hu Haka-
pa ga ce cb2Aacum C xunomesama Ha Berghout A u
Wiersinga W (15). BcbwHocm, obembm u chyHKyuama
Ha wumoBugHama »Ae3a no Bpeme Ha GpemeHHOCM
ce aganmupam no HuU3UOAO2UYEH NbM 3a hocpewa-
He Ha noBuweHumMe HYXkgu om Uog U eHepaus.

3akaroueHue: ThobarHo npe3 nocaegHume 25 2.
Hacmbnu nogobpeHue B8 GogHua cmamyc u moBa go-
Bege go nogobpeHue 6 3gpaBHomo u ukoHoMUYECKO
CbCmosHUe Ha HaceareHUemMo ocHoBHo B cmpaHume ¢
HUCHK U cpegeH goxog (43). ToBa e ocHoBHuUamM pak-
mop, koumo okazBa BauaHue Bbpxy mupeougHua
obem. pu H6pemeHHume 6bazapku 6 Hag 97% om
cAydaume mupeougHusm obem e HOPMaAeH U NPAKO
ompazaBa HopmarHomo cpegHo HuBo Ha UIC u mUIC
npu max. AonbAHUMEAHUAM NpUeM Ha KOMBUHUpaHU
BumamuHu ¢ muHepaau (8 moBa vucao Gogug 150
pg/L) ce aBaBa BaxkeHn cpakmop 3a gobpume pe3ya-
mamu 6 uzcaregBaHama nonyaauun GpemeHHU >KeHu.

Aekomo yBeauuyeHue Ha mupeogHua obem 6
X0ga Ha bpemeHHocmma Hal-BepoamHo e u3paz Ha
¢puzuorozuuHa aganmauua 8 omeoBop Ha Aek GogeH
gedpuuum B mo3u nepuog Ha noBuweHu HY>Kgu.

Mo npuHuun 3gpaBeonazHama cucmema mpab-
Ba ga cbcpegomouu ycuauama cu 8 noggbprkaHemo
Ha moBa nocmueHue Ha yHuBepcaaHomo GOgHO
3amecmBaHe, 3a ga ce npegomBpamaBam Gog-gegu-
uumHumMe HapyweHua. bpemeHHume >eHu 3aegHo ¢
geuama ca HaG-yyBcmBumeaHama yacm om nonyaa-
uuama, 3a koumo 2pwkume 8 mo3u acnekm ca Hawa
nbpBocmeneHHa 2puxa.
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In general, pregnancy can develop in conditions of mild iodine deficiency due to high needs during this
period and this can be observed even in areas with iodine sufficiency.

The aim of the study is to look for the relationship between thyroid volume and pregnancy-specific fac-
tors, as well as to determine the frequency and nature of structural thyroid changes in pregnant women.

Material: 547 pregnant women, mean age 3015 years, were examined. First pregnancy was found in 245
(45.1%) and sequence of pregnancy in 302 (54,9%) pregnant women.

Methods: Ultrasonographic calculation of thyroid volume according to a standard formula; Determination
of the level of TSH, FT,, TPOAb by ECLIA method; Measurement of urinary iodide concentration (UIC) by an
accredited method of inductive coupled plasma mass spectrometry (ICP-MS).

Results: Over 97% of pregnant women have a normal thyroid volume - 8,94%2,62 mlL, which is related
to the normal mean UIC level - 181,60+93,97 ug/L resp. median UIC (mUIC) - 170 pg/L (95% Cl: 161-177).
During pregnancy thyroid volume increased (first trimester 8,42%2,55 mL vs third 9,31£2,80 mL, p<0,011).
In the first pregnancy the thyroid volume was smaller compared to the volume in sequence of pregnancy -
8,67%2,23 mL vs 9,15%£2,85 mL, p<0,01. Thyroid volume in 55 pregnant women with TPOAb(+) was signifi-
cantly higher compared to 492 pregnant women with TPOADb(-) - 10,17£3,67 mL vs 8,80+2,42 mL, p<0,002.
It turns out that the thyroid volume is significantly higher in the newly discovered nodular goiter - 9,77+2,81
mL vs 8,73+2,51 mL, p<0,001, as well as in pregnant women with more than one node - 11,39+3,18 mL vs
8,77%2,48 mL, p<0,001. Thyroid nodules (mainly cystic) are present in 21,75% of pregnant women, with only
6,7% being known.

Conclusion: The thyroid volume in pregnant Bulgarian women is in over 97% of cases normal and directly
reflects the established normal mean ioduria in them. Its slight increase during pregnancy is an expression of
physiological adaptation in response to mild iodine deficiency in this period of increased needs.

Key words: thyroid volume, trimester, sequence of pregnancy, TPOAb(+), nodes
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Introduction

Studies on urinary iodine concentration (UIC) in
pregnant women in Bulgaria were conducted in 1999
(Varna, 180 women) (1), 2001 (Sofia, 51 women) (2),
2003 (national, 355 women) (3), 2008 (national, 150
women) (4). With the exception of the 1999 study,
the rest included pregnant women from the second
and third trimesters only. The results of these studies
were analyzed by Ivanova L et al. in 2013 (5). The au-
thors summarize that the median iodine of pregnant
women in Bulgaria is at the lower limit of the refer-
ence range, which indicates low iodine intake and
probably this is a result of deliberately limiting salt
consumption, a relatively low standard of iodization
and lack of additional supplementation with iodine
preparations in a significant proportion of pregnant
women.

This very long interval of 12 years, in which no
screening of the iodine and thyroid status of preg-
nant Bulgarian women was made, necessitated the
organization and implementation of a systematic
study of this important part of the population, which
has a very high medical and social significance.

The present analysis presents a very small sec-
tion of a comprehensive population-based study, fo-
cusing mainly on changes in thyroid volume as well
as structural changes in the thyroid gland (focal and
diffuse) of pregnant women.

Pregnancy affects the volume of the thyroid
gland as well as its function. In countries with io-
dine sufficiency thyroid volume has been found to
increase by about 10% during pregnancy, and in ar-
eas with iodine deficiency, the volume increases by
20-40% (6). As early as 1921, Marine D and Kimball
PO noted that goiter formation during pregnancy is
the result of iodine deficiency and this can be pre-
vented by iodine intake (7). The Preamble to the
monograph lodine Deficiency Disorders and Their
Elimination’2017, edited by Elizabeth N. Pearce (8)
cites the publication of Clements FW et al, 1960 (9)
- ... les aspects pratiques de la lutte contre le goitre
endemique, ainsi que la legislation de la prophylaxie
par I'iode...” and on behalf of the WHO, the question
of extremely simple and inexpensive iodine preven-
tion of endemic goiter is raised. In general, pregnan-
cy can develop in conditions of mild iodine deficien-
cy due to high needs during this period and this can
be observed even in areas with iodine sufficiency.
It is this iodine deficiency, according to Hintze G et
al. (1991), an increase in TSH is the cause of thyroid
enlargement in pregnant women (10).

Rasmussen et al. (1989) found an increase in
thyroid volume during pregnancy - from 20,2£2,0
mL in the second trimester to 24,1+2,2 mL in the

third trimester, while no change in TSH levels was de-
tected during pregnancy (11). The question remains
whether the increase in thyroid volume during preg-
nancy reflects physiological adaptation in areas with
mild iodine deficiency or whether it is a pathological
condition associated with iodine deficiency. Normal
thyroid volume is a function of iodine intake is em-
phasized by Berghout A et al. (12).

The main stimulators of thyroid growth during
pregnancy are TSH, human chorionic gonadotropin
(hCG) and iodine deficiency. During pregnancy TSH
is kept within its normal limits (13) and thyroid vol-
ume correlates with TSH levels. This hormone de-
creases in the first trimester and returns to pre-preg-
nancy levels in the third trimester (14). Given the
changes in the course of pregnancy in the level of
TSH within its normal limits, we must assume that
thyroid volume is unlikely to be affected by TSH.

In areas with iodine sufficiency, thyroid volume
does not increase during pregnancy, despite high
hCG levels in the first trimester, but TSH levels are
low at this time. In areas with iodine deficiency, the
volume of the thyroid gland increases and this is
probably related to the autoregulatory mechanisms
of iodine on the growth of the thyroid gland (15).
Berghout A and Wiersinga W made a systematic
analysis of the volume and function of the thyroid
gland during pregnancy and conclude that in fact
the volume and function of the thyroid gland during
pregnancy are physiologically adapted to meet the
increased needs for iodine and energy (15).

The incidence of nodular goiter in healthy in-
dividuals (without pregnancy) diagnosed after ul-
trasonography ranges between 17-23% in regions
with borderline iodine deficiency (16). With age, the
incidence of nodular goiter in both sexes increases
(women: 20-46%, men: 7-23%) (17). In pregnant
women, the incidence of nodular goiter proven after
ultrasonography is 25% (18).

The reasons for the formation of thyroid nodules
are numerous and include, like iodine deficiency
supporting chronic stimulation of the TSH receptor,
as well as other factors - mutations in this receptor,
stimulation by hCG during pregnancy, the activity
of various growth factors (IGF-1, epidermal growth
factor). Most of these stimuli can exist during preg-
nancy, and this explains why thyroid nodules grow
during this period (19).

Our population study of 2012 (men and women,
20-80 years of age) found an incidence of nodular
goiter in 24.4%, with 32,1% in women and 15,7%
in men, p<0,001. It turned out that in young women
(20-29 years of age) the incidence of nodular goiter
is 16%, and in over 70 years of age is 45%, i.e. al-
most 3 times more often (20).
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The three main indicators that are associated
with the presence of iodine deficiency are: UIC, TSH
level and thyroid volume. In first place is UIC, but
all three parameters are closely related to each oth-
er (21). Therefore, when screening the condition of
the thyroid gland in pregnant women, the algorithm
includes all three parameters - UIC assessment, de-
termination of TSH level and ultrasonographic exam-
ination of the thyroid gland to measure its volume, as
well as to determine the possible presence of struc-
tural changes (focal and diffuse).

The aim of the study was to look at the rela-
tionship between thyroid volume and pregnan-
cy-specific factors in a cross-sectional multicenter
population-based study, to determine the frequency
and nature of structural thyroid changes in pregnant
women, and the extent to which volume and struc-
tural changes are related to thyroid autoimmune.

Study design

A cross-sectional multicenter population-based
study was conducted from September 25 to Novem-
ber 6, 2019 in 10 regions of Bulgaria (Sofia, Sofia re-
gion - Pirdop, Samokov; Smolyan; Gotse Delchev; Ga-
brovo; Troyan-Apriltsi; Burgas; Stara Zagora; Pleven),
including small towns and villages from each region or
a total of 84 settlements. Regions with a known iodine
deficiency in the past were selected - Sofia and the
district, Smolyan, Gotse Delchev, Gabrovo, Troyan, as
well as regions with iodine sufficiency - Burgas, Stara
Zagora, Pleven and their districts. The study was con-
ducted with the support of 104 endocrinologists and
gynecologists from these regions. From the dispensa-
ry list of registered pregnant women, 630 pregnant
women were invited to participate, 86,8% of them or
547 women responded.

Material

We screened 547 pregnant women, mean age
30+5 years, median 30 years (18-47 years) - 40% (28-
32 years), 23,4% (33-37 years), 21% (23-27 years),
8,4% (38-42 years), 6% (18-22 years) and 1,1% (43-
47 g). According to the trimester, the pregnant wom-
en were distributed as follows: first - 110 (20,10%),
second - 276 (50,45%) and third - 161 (29,43%).

All the pregnant women were Caucasian, with
no evidence of liver, kidney disease, or evidence of
malabsorption. The participants signed an informed
consent, confirmed by the local Ethics Commission at
,Sofiamed” University Hospital, Sofia University ,Saint
Kliment Ohridski, and it was prepared inagreement
with the ethical standards according to the Helsinki
Declaration-1964 and its later additions (22).

Each pregnant woman filled in a Questionnaire

personally with the help of a specially designated
medical person from the face-to-face team in order
to correctly collect data on pregnancy history, intake
of combined vitamins with minerals, vitamin D, other
medications by type and doses available, thyroid or
other diseases. According to the data from the Ques-
tionnaire, it was clarified that 245 (44,2%) women
had a first pregnancy, 216 (39,5%) - a second, 57
(10,4%) - a third, 19 (3,5%) - a fourth and 10 (1,8%)
- fifth resp. sixth sequence of pregnancy.

Surgical treatment of the thyroid gland before
the current pregnancy was performed in 9 (1,6%)
pregnant women. Thyroid dysfunction was found in
151 (27,6%) pregnant women - 144 (26,3%) with
hypothyroidism, 7 (1,3%) with hyperthyroidism, and
77 (14,07%) were undergoing thyroid therapy (76
with Levothyroxine and 1 with thyrostatic).

Methods

After filling in the personal data in the Question-
naire, three groups of tests were conducted on the
pregnant women:

1. Determination of thyroid volume and possible
structural changes (focal and diffuse) among the ex-
amined preghant women: In addition to palpation of
the cervical region, the volume of the thyroid gland
was determined by ultrasonographic examination
with Digital Color Doppler Diagnostic Scanner, C5
Ex (Shenzhen Landwind Medical Industry, China). A
standard formula was used to determine the volume
of the thyroid gland presented in mL (23, 24). For
the Bulgarian population, according to the research
of Boyanov M (25), a standard for average thyroid
volume in healthy women (15-74 years of age) of
12,4+3,34 mL (9,06-15,74 mL) was adopted. In the
subanalysis according to age for the group 20-29
years, the thyroid volume averaged 11,73 mL (medi-
an 11,58 mL), and for the age group 30-44 g - 13,6
mL (median 12,93 mL). The author further analyzed
the reproducibility in ultrasound measurement of
size and thyroid volume and concluded that the co-
efficient of variation (CV, cm3) in two measurements
by one researcher was 1,59 mL. In 2017, the Atlas of
Thyroid Ultrasonography indicated an upper limit for
volume in women <17,4 mL, and the World Health
Organization (WHQO) proposed for normal thyroid
volume in women 4,4-18 mL (26, 27).

The data of researchers from Slovenia are also
close. They compare the volume of the thyroid
gland during pregnancy, 4 months after birth and 14
months later. It is in this late period after birth that
they present a thyroid volume of 7,8£2,4 mL or in the
range of 5,4 to 10,2 mL (28).

We will stress again that many different authors
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have repeatedly pointed out the main disadvantage
of ultrasound volumetry which is the low reproduc-
ibility of the results (29). With all these data in mind,
we complied with the WHO and adopted a lower
limit for thyroid volume in women of 4,4 mL and an
upper limit of 18 mL. These reference limits served
as a basis for assessing the relationship of thyroid
volume with certain factors, such as UIC size, trimes-
ter, sequence of pregnancy, presence of TPOAb (+),
TSH level, newly diagnosed hypothyroidism and the
presence of nodular goiter.

2. The laboratory analysis of all blood samples
was performed in a Central laboratory on the day of
the blood sample in the morning on an empty stom-
ach. Serum was quantified on a Cobas e601: TSH
analyzer with ECLIA sandwich method (reference
range 0,27-4,2 mlU/L); FT, with competitive ECLIA
method (reference limits 9,3-17,0 ng/L), as well as
TPOAb with competitive ECLIA method (reference
limits <34 [U/mL).

3. Determination of urine jodine concentration.
Each pregnant woman gave a portion of morning me-
dium stream of fresh urine ~20 ml in a clean plastic
cup to determine the iodine concentration. Samples
were immediately transported at room temperature
in neutral monocuvettes to a Central Laboratory (ac-
cording to the instructions for transport at room tem-
perature for less than 8 hours, no change in sample
quality). All aliquots of urine samples were frozen at
-200 until analysis. The next day, the frozen samples
were transported in special containers to the accred-
ited Limbach laboratory in Heidelberg, Germany.
The analysis was performed by an accredited induc-
tive coupled plasma mass spectrometry (ICP-MS)
method with the following characteristics: linearity
in the range of 0 - 4000 pg/L, precision in the series
at 304 pg/L RSD 0,8%, inter-assay SNU = 304 pg/L,
15 shifts, RSD 4,5%; accuracy percentage deviation
from adjusted nominal value of the certified refer-
ence material SeronormTM Trace Elements urine
(SNU) (304 pg/L): 4,0% (data set=4x12), recovery
104%. The results are presented in pg/L.

Statistical analysis was performed with the stan-
dard package SPSS 13.0 for Windows: descriptive
analysis (mean, standard deviation, median), correla-
tion analysis and analysis of variations (ANOVA, post-
hoc test - with Bonferroni alpha correction), parametric
and nonparametric methods were used - Chi-Square
Test, Fisher's Exact Test, Kolmogorov-Smirnov, Shap-
iro-Wilk Tests, Levene's Test for Equality of Variances,
Student's t-test, Kruskal-Wallis test and Mann-Whitney
test. All quantitative variables are presented as stan-
dard deviation or percentage, p value below 0,05 is
considered statistically significant.

Results

First, the mean thyroid volume of the 547 preg-
nant women examined was determined - 8,94%2,62
mL, median - 8,65, minimum 0,26/maximum 23,04;
(25" percentile - 7,23, 50" percentile - 8,65, 75
percentile 10,37). It was found that in a total of 15
(2,73%) pregnant women there was a deviation in
the volume of the thyroid gland, according to the ac-
cepted normal limits - from 4,4 to 18 mL. Of these,
11 pregnant women (2%) with reduced thyroid vol-
ume, two of them were operated before pregnancy,
and stand out from the rest of this group with a too
small thyroid volume - 0,26 and 1,43 mL. The re-
maining pregnant women had a thyroid volume of
3,28 to 4,27 mL. In 4 pregnant women (0,73%) in-
creased thyroid volume was found - from 20,18 to
23,04 mL. In one of them there is an active autoim-
mune disease with clinical hyperthyroidism, in two
women - iodine deficiency and thyroid nodules, and
the fourth was the oldest in the group - 42 of age and
without thyroid pathology. Thus, normal thyroid vol-
ume was found in the remaining 532 (97,25 %) preg-
nant women. This may be related to the established
normal mean urinary iodine concentration (UIC) for
the whole group of pregnant women - 181,60+93,97
pg / L, as well as the median UIC (mUIC) - 170 ug/L
(95% CI: 161-177). The analysis examines the influ-
ence of ioduria size factor on thyroid volume.

Before pregnancy, 9 (1,6%) women underwent
thyroid surgery - 3 for euthyroid goiter and 6 with
thyrotoxicosis in autoimmune thyroid disease. Four
of the operated pregnant women are on Levothy-
roxine replacement therapy for autoimmune thyroid
disease, with only one case achieving euthyroid sta-
tus. Two of them had the smallest thyroid residue
(volume 0,26 mL and 1,43 mL) and were hypothy-
roid despite replacement therapy. The remaining 5
women after surgery were without levothyroxine and
were in a euthyroid state, with 3 being operated on
for nodular goiter. The mean thyroid volume in the
whole group of 9 women who underwent prior thy-
roid surgery was 6,88+4,13 mlL; median 8,18, mini-
mum 0,26/maximum 12,10 (25" percentile - 3,27,
50" percentile - 8,18, 75™ percentile 10,12).

The remaining 538 pregnant women with-
out thyroid surgery had a mean thyroid volume of
8,97+£2,56 mL; median 8,65, minimum 3,28/maxi-
mum 23,04 mL (25" percentile - 7,24, 50" percen-
tile - 8,65, 75" percentile 10,37). The data for the
three groups (total, operated and non - operated)
are presented in Table 1 (Table 1).

Comparing the thyroid volume of the two groups
with and without surgical treatment before the cur-
rent pregnancy did not prove a significant difference
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Table 1. | Thyroid volume for the whole group, with and without thyroid surgery before pregnancy.
Thyroid volume for Thyroid volume Thyroid volume
the whole group, in previous thyroid without previous
n=547 (100%) surgery, thyroid surgery,
n=9 (1,6%) n=538 (98,4%)
Mean level 8,94 6,88 8,97
Standard 2,62 4,13 2,56
Deviation
Median 8,65 8,18 8,65
Minimum 0,26 0,26 3,28
Maximum 23,04 12,10 23,04
25 7,23 3,27 7,24
Percentiles | 50 8,65 8,18 8,65
75 10,37 10,12 10,37
Level of UIC Indicator TSH Thyroid Table 2.
(mlU/L) | volume (mL) TSH level and thyroid volume at the
0-149 pg/L three main UIC levels (NS).
number 221 221
Mean value 256 908 (NS). As can be seen, the medians are
’ 4 I h
Standard 143 270 very close and, moreover, t e numbgr
o of pregnant women (only 9) with thyroid
Deviation L .
surgery is insignificant. ldentical data
Median 2,46 8,70 and in the absence of a significant differ-
Minimum 0.05 143 ence for the whole group of 547 women
. d ! and the group of 538 unoperated wom-
Maximum 9,89 21,03 en allows us to consider the thyroid vol-
150-249 pg/L ume for the whole group of 547 in terms
number PEE 271 of its relationship with other factors.
Analysis of factors that affect thy-
Mean value 2,92 8,88 roid volume.
Standard 2,32 2,69 . . .
Deviation 1. Urine iodine concentration
Median =4 2.0 (I e role of UIC on TSH level anc
- e role o on evel an
Mlnl'mum 0,02 0,26 thyroid volume was studied at the three
Maximum 24,15 23,04 main UIC levels - low (<149 pg/L), nor-
250-497 pg/L mal (150-249 pg/L) and over-optimal
number 115 115 (250-497 pg/L), without finding a signif-
icant difference between the indicators
Mean value 2,77 8,77 at the three UIC levels (Table 2).
Standard 1,33 2,26
Deviation 2. Sequence of trimester
Median 2,60 8,65 During pregnancy, thyroid volume
Mini 032 389 usually increases, which is presented in
|n|'mum ! ! Table 3. The Kruskal-Wallis Test revealed
Maximum 7,22 18,38 a significant difference in thyroid volume

between the first and third trimesters
(8,42%2,55 mL vs 9,31+2,80 mL, p<0,011).
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Table 3. | Dynamics of thyroid volume in women at different stages of pregnancy.

Trimester Number Mean Standard Median Minimum Maximum
value Deviation
First 110 8,42* 2,55 7,98 1,43 17,20
Second 276 8,92 2,47 8,74 0,26 23,04
Third 161 931* 2,80 9,00 4,08 21,03
Total 547 8,94 2,60 8,65 0,26 23,04
*p<0,011
Sequence of pregnancy
9,5
9,0
8,5
8,0
7,5
7,0
1 2 3 4 5 6 Thyroid volume according to the sequence
of pregnancy.

A correlation between thyroid volume and consecutive
trimester was also demonstrated (p<0,014) (Table 4).

3. Sequence of pregnancy

It is examined to what extent the sequence of preg-
nancy is important for the volume of the thyroid gland. It
was found that 245 (44,8%) of women had a first preg-
nancy, and the remaining 302 (55,2%) were distribut-
ed between a second pregnancy - 216 (39,5%), a third
pregnancy - 57 (10,4%), a fourth - 19 (3,5%) and fifth
respectively sixth sequence pregnancies - 10 (1,8%). He
found a significant increase in thyroid volume when com-
paring the index in the first pregnancy against all other
sequence of pregnancies - 8,67+2,23 mL, median 8,35
mL vs. 9,15£2,85 mL, median 8,96 mL (p<0,01) (Fig. 1).

4. Other factors - TPOAb (+), newly discov-
ered hypothyroidism, newly discovered nodu-
lar goiter

Significantly higher thyroid volume was found in
55 pregnant women with TPOAb(+) - 10,17+3,67
mL, median - 10,12 (minimum 1,43/maximum
23,04) compared to 492 pregnant women with
TPOAD(-) - 8,80£2,42 mL, median - 8,42 (minimum
0,26/maximum 21,03), p<0,002. In newly diagnosed
hypothyroidism, the thyroid volume was significantly

lower than the known - 8,44%2,34 mL, median 7,97
(minimum 3,89/maximum 17,47) against 9,13+2,68
mL, median 8,92 (minimum 0,26/maximum 23,04),
p<0,001.

The thyroid volume was found to be significantly
higher in the newly diagnosed nodular goiter compared
to the known (9,77+2,81 mL, median 9,33 - minimum
4,96/maximum 20,26 vs 8,73%£2,51 mL, median 8,34,
minimum 0,26/maximum 23,04, p<0,001), as well as in
pregnant women with more than one node compared
to a single node (11,39+3,18 mL, median 11,15, min-
imum 6,55/maximum 20,26 vs 8,77%+2,48 mL, median
8,40, minimum 0,26/ maximum 23,04, p<0,001).

Thyroid nodules (=5 mm) or a frequency of
21,75% were found in 119 pregnant women on ul-
trasonographic examination. In fact, only 8 pregnant
women (6,7%) were diagnosed before the current
pregnancy, and the remaining 111 (93,3%) pregnant
women had a newly diagnosed nodular goiter. It is in
these pregnant women that an ultrasonographic ex-
amination of the thyroid gland was performed for the
first time during the screening. Families with thyroid
disease were found in 29/119 (24,4%) of pregnant
women with thyroid nodules.

Six percent of pregnant women (33/547) had
more than one formation and sometimes they had
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different structural characteristics. Based on the struc-
tural characteristics of the nodes, the cases were dis-
tributed as follows: cysts - 68 (12,4%), mixed - 41
(7,5%), solid - 21 (3,8%), hypoechoic - 6 (1,1%).
As can be seen, the largest share is of cystic nodules
(12,4%), followed by mixed (7,5%).

The distribution by functional status in nodular
goiter showed that 23,5% had hypothyroidism - 28
pregnant women (20 with subclinical hypothyroidism
and 8 with clinical hypothyroidism). Only 4 pregnant
women (3,3%) had hyperthyroidism and 10 pregnant
women (8,4%) had low T, syndrome, with the re-
maining 78 (65,6%) having normal thyroid function.

The analysis showed that there is a correlation
between the presence of nodules in the thyroid gland
and the level of TSH - Spearman's rho=0,139, p<0,01,
as well as between the newly discovered nodular goi-
ter and TSH - Spearman's rho=0,089, p<0,038. Only

An additional analysis was performed on two
subgroups of pregnant women - Group 1 (320
,thyroid healthy”, 58,5%), which excluded women
with thyroid dysfunction, with TPOAb(+), as well as
those administering drugs with an effect on thyroid
function (30) and Group 2 (227 ,thyroid patients”,
41,5%). The relationship between thyroid volume
and the factors influencing it in the two subgroups
was re-examined and compared.

The role of iodine

The level of UIC in the two subgroups of preg-
nant women Group 1 and Group 2 is presented in
Table 4 (Table 4).

It was found that there was no significant dif-
ference between the two subgroups in terms of the
mean level resp. median UIC (Group 1 - 174,8£90,1

Table 4. | Mean values and median UIC in the general group as well as in the two sub-

groups (Group 1 and Group 2).

Groups of Mean | Standard [Number | Median | Minimum | Maximum
pregnant women level | Deviation
Group 1
n=320 174,84 90,1 317 165 11 482
Group 2
n=227 191,35 98,7 220 179 21 497
Total
n=547 181,61 93,9 537 170 11 497

14 pregnant women (11,8%) with goiter were found
to have TPOADb(+). These antibodies are found in
% of cases in pregnant women with diffuse thyroid
structural changes and only in % of cases are present
in focal changes.

The analysis of the relationship between thyroid
volume and TPOADb level showed that the volume of
TPOADb(-) was significantly lower compared to TPOADb(+)
pregnant women - 8,80+2,42 mL, median 8,42 (mini-
mum 0,26/maximum 21,03) vs 10,17£3,67 mL, median
10,12 (minimum 1,43 /maximum 23,04), p<0,002. There
was also a significant correlation between thyroid vol-
ume and the presence of TPOAb(+) - p<0,02.

It is noteworthy that the incidence of TPOAb(+)
was different in the three trimesters and while in the
first and second trimesters it was about 10-12%, in
the third trimester there was a significant decrease in
TPOAD(+) compared to the second trimester - 6,8%
(11/161) vs. 11,96% (33/276), p<0,05. In pregnant
women with hypothyroidism TPOAb(+) was present
in 28,2% (22/144), while in euthyroid pregnant wom-
en -in 9,1% (32/350), ie. 3 times less often, p=0,057.

pg/mL vs Group 2 - 191,3£98,7 pg/mL, NS), and in
both cases UIC was within the accepted normal lev-
els (150-249 pg/mL). There was also no significant
difference in the level of UIC between the general
group and each of the subgroups (NS). At the same
time, the comparison made in the thyroid volume of
the two subgroups of pregnant women found a sig-
nificant difference (Group 1-9,16%2,44 mL vs Group
2 -8,62£2,79 mL, T-6,223, p<0,001). Therefore, with
slightly lower UIC, there was a significantly higher
thyroid volume in pregnant women without thyroid
pathology than in those with existing (Table 5).

The role of trimester sequence

The role of trimester sequence in the two sub-
groups was investigated and it was found that the thy-
roid volume was significantly higher only in the first tri-
mester in Group 1 (n=62) compared to Group 2 (n=48)
- 8,90%£2,40 mL, median 8,62, minimum 3,68/ maxi-
mum 15,33 vs 7,8£2,64 mL, median 7,58, minimum
1,43/maximum 17,20 (p<0,0015). This means that the
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Table 5. | Mean and median of thyroid volume in the whole group of pregnant women, as

well as in Group 1 and Group 2.

Groups Mean | Standard | Number | Median | Minimum | Minimum

level | Deviation

Group 1

n=320 9,16 2,44 320 8,96 3,68 21,03

Group 2

n=227 8,62 2,79 227 8,06 0,26 23,04

Total

n=547 8,94 2,60 547 8,65 0,26 23,04

thyroid gland increases significantly more in the first
trimester in pregnant women without thyroid patholo-
gy than in those with existing pathology. It should be
noted that during the second and third trimesters, re-
spectively, no significant difference in thyroid volumes
was found between the two subgroups.

The role of sequence of pregnancy

Significantly higher thyroid volume was found in
the first pregnancy for women in Group 1 compared
to Group 2 - 9,01£2,09 mL, median 8,59, minimum
4,32/maximum 15,33 mL vs 8,2%£2,35 mL, median
7,89, minimum 0,26/maximum 14,11 mL, p<0,005.
At the same time, in sequence pregnancy (from sec-
ond to sixth pregnancy) no significant difference
was found between the two subgroups (Group 1 -
9,29£2,68 mL, median 9,10, minimum 3,68/ maxi-
mum 21,03 mL vs Group 2 - 8,95£3,07 mL, median
8,23, minimum 1,43/maximum 23,04 mL, NS).

The mean thyroid volume for Group 1 of 320
pregnant women was 9,16+2,44 mL. Among them, 69
women had nodular goiter, whose average volume was
9,9943,18 mL, but was slightly higher than in the whole
group, NS. In the same Group 1, no significant differ-
ence in thyroid volume was found in the 49 women with
more than one thyroid node compared to the 20 cases
with one node - 11,21£3,81 mL vs 9,48+2,72 mL, NS.

Discussion

Thyroid volume during pregnancy is influenced by
various factors - iodine replacement, genetic factors,
age, TSH, anthropometric parameters, number of births
and smoking (31). Zaletel G (2011) suggests that an
increase in the thyroid gland during pregnancy and a
reverse decrease after birth may be associated with
an increased blood supply to the thyroid gland during
pregnancy (32). The most common major thyroid
growth stimulators during pregnancy are TSH, hCG,
and iodine deficiency (33).

In the present work, we found that the mean thy-
roid volume level as well as the TSH level did not differ
significantly at the three UIC levels. A similar finding
was found in Shi X et al. (2015), who found that low
UIC levels had no effect on serum TSH or FT, levels
(34). We also did not establish a significant correlation
between UIC and thyroid volume, as well as between
UIC and TSH level. It should be noted that the median
UIC of the 547 pregnant women surveyed was normal
and this puts our country in the group of countries
that have eliminated iodine deficiency.

Therefore, the found normal parameters in our
material - TSH and thyroid volume are a direct re-
sult of the proven iodine adequacy in the country. It
should be borne in mind that in another of our stud-
ies it was documented that over 50% of the studied
pregnant women take additional multivitamins with
minerals (including iodide 150 pg/L) (35). This is
done according to the protocol of obstetricians and
gynecologists in our country and is obviously an ad-
ditional factor accounting for the good results in the
studied population of pregnant women. Thus, while
280 (51,2%) pregnant women under vitamin and
mineral supplementation had a thyroid volume of
7,89£2,12 mL, in 79 (14,7%) pregnant women with-
out supplementation, the volume was 8,50£2,37 mL,
NS. This does not include 188 other women who are
taking a medicine other than vitamins and minerals.

Slovenian authors found an increase in thy-
roid volume during pregnancy and the difference
was significant between the first and third trimester
- (8,7£2,5 mL vs 11,3%3,1 mL, p<0,001) (28). The
same finding was made by the Turkish author Ozdi-
kici M (2018) - 11,95£1,90 mL against 17,20+1,2
mL, p<0,01 (36). Our data are similar, illustrating a
significant difference in thyroid volume between the
first and third trimesters, p<0,011.

We also found that sequence of pregnancies
also affected thyroid volume, proving a significant dif-
ference - thyroid volume in 245 women with a first
pregnancy versus thyroid volume in the remaining
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302 pregnant women with sequence pregnancies -
8,67£2,23 mL vs 9,15%+2,85 mL (p<0,01). Of note is
the sharper increase in thyroid volume in the second
pregnancy compared to the first, retention in the vol-
ume in the third and fourth pregnancies and then a
new rise in volume (Fig. 1).

Park CE (2018) found that over 18% of pregnant
women have positive TPOAb or TgAb (37). In gener-
al, many authors believe that TPOAb predicts the risk
of developing hypothyroidism (38, 39). In our materi-
al, a link between TPOAb(+) and hypothyroidism was
also demonstrated. It turns out that TPOADb(+) is sig-
nificantly more often presentin pregnant women with
hypothyroidism than in euthyroid pregnant women,
p=0,057. Thyroid volume was also significantly high-
er in pregnant women with TPOAb(+) compared to
pregnant women with TPOAb(-), p=0,002. Thus, the
three factors turn out to be very closely related.

Carlé A et al. (2009) found that thyroid volume
in autoimmune thyroiditis has a Gaussian distribution
in both sexes, but is not a bimodal model. Increased
thyroid volume is observed in individuals with higher
thyroid TPOAb, and lower volume in individuals with
more pronounced hypothyroidism (40). Our finding is
the same - significantly higher thyroid volume is pres-
ent in our pregnant women with TPOAb(+) (p<0,002)
and significantly lower thyroid volume is found in
pregnant women with hypothyroidism (p<0,001).

We also proved a strong correlation between
TPOADb and the ultrasound structural characteristic
of the thyroid gland (hypoechogenicity, inhomogene-
ity), p<0,001. Ultrasound data were found for hypoe-
chogenicity in 13,7% (75/547) and for inhomogene-
ity in 21,6% (118/547) of pregnant women. These
structural features were found to be directly related
to the level of TPOAb. While in pregnant women
with TPOADb(+) hypoechogenicity is present in 36%
(27/75) and inhomogeneity in 34,7% (41/118), in
pregnant women with TPOAb(-) hypoechogenicity is
found in 5.9% (28/472) and inhomogeneity in 3,3%
(14/429). The differences were very significant in
both cases, p<0,0001. Therefore, there is a multiple
higher frequency of TPOAb(+) in pregnant women
with hypoechoic respectively inhomogeneous ultra-
sound structural characteristic of the thyroid gland.

The cell-mediated and humoral immune re-
sponses are attenuated during pregnancy. The im-
mune response is shifted to humoral immunity and
thus develops immune tolerance to fetal tissues. For
this reason, TPOAb and TgAb levels decrease during
pregnancy, reaching their lowest levels in the third
trimester (41, 42). It is also impressive in our material
that the frequency of cases of TPOADb(+) was differ-
ent in the three trimesters and while in the first and
second trimesters it was about 10-12%, in the third

trimester there was a significant decrease in TPOAb(+)
compared to second trimester - 6,8% (11/161)
against 11,96% (33/276), p<0,05.

The analysis of the two subgroups (Group 1 and
Group 2) did not show a difference in the thyroid
volume with that of the whole group of 547 pregnant
women (NS). The significantly greater increase in thy-
roid volume in 320 pregnant women without thyroid
pathology compared to 227 pregnant women with
thyroid pathology, provided that there was no signifi-
cant difference in the level of UIC, led us to agree with
the hypothesis of Berghout A, Wiersinga W (15). In
fact, the volume and function of the thyroid gland
during pregnancy is physiologically adapted to meet
the increased needs for iodine and energy.

Conclusion: Globally, iodine status has improved
over the last 25 years and this has led to an improve-
ment in the health and economic situation of the pop-
ulation, mainly in low- and middle-income countries
(43). This is the main factor that affects thyroid vo-
lume. In pregnant Bulgarian women in more than 97%
of cases the thyroid volume is normal and directly re-
flects the normal mean level of UIC/mUIC in them.
The additional intake of combined vitamins with
minerals (including iodide 150 pg/L) is an important
factor for good results in the studied population of
pregnant women. The slight increase in thyroid vol-
ume during pregnancy is most likely an expression of
physiological adaptation in response to mild iodine
deficiency in this period of increased needs.

In general, the health care system must focus its
efforts on maintaining this achievement of universal
iodine replacement in order to prevent iodine defi-
ciency disorders. Pregnant women together with chil-
dren are the most sensitive part of the population, for
which care in this aspect is our primary concern.
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Pe3siome

Xunomupeougu3zmbm u 3amabcmaBaHemo ca yecmo cpewaru 3aboaaBaHus, koumo Bausam Bbpxy Aunug-
Hua memaboauzbm. MNpeguzBukameacmBama 6 maxHama Ko-mopbugHocm ca cBbp3aHu ¢ pazaudHUMeE namo-
2eHemMUYHU MexaHu3mu, cBbp3aHu ¢ AUnUugHUME HapyweHus, UHCYyAuHoBama pe3ucmeHmHoCcm u yyacmue Ha
agunouumoKuHUMme.

Llea: ga ce uzcaegBam amepozeHHUME (Ppakuuu Ha AUNONPOMEUHUMeE, UHgEeKCUMe Ha UHCYAUuHoBa pe-
3ucmeHmMHoOCM U cepymHume HuBa Ha agunoHeKMUH NpU nayueHmMu C Xunomupeougu3bm U Bpb3kama um ¢
MeAeCHOMO Me2Ao.

Mamepuaau u memogu: B npoyuBanemo ca BkatoueHu 118 nauuenmu (85 >keHu u 33 mbxke, cpegHa 6b3-
pacm 43£11 2.), pazgeaeHu 6 4 2pynu cnopeg uHgekc Ha meaecHa maca (MTM): Tpyna A - 31 xunomupeougHu
nauueHmu cbc 3amabemabare, fpyna B - 30 eymupeougHu navyueHmu cbe 3amabvemabane, fpyna C - 28 xu-
nomupeougHu nauueHmu ¢ HopmaaeH VITM u pyna K - 29 eymupeougHu Auua ¢ HOpMaAHO Me2A0 (KOHMPOAU).
AabopamopHruam nanea BkaouBa: TSH u FT, (CMIA), Lipoprotein(a) [Lp(a)] (umyHHO-mypBogumempuyeH eH3u-
meH memog - ITDM), Anoaunonpomeut B (ApoB) (ITDM), 06w, xonecmepon (T-Chol), AunonpomeuHu ¢ Hucka
naAbmHocm (LDL), agunoHekmuH (ELISA), cmaHgapmen OGTT (2at0k03a u uHcyauH), HOMA-IR. Cmamucmudye-
ckume aHaAu3u ca uzBbpwenu ¢ SPSS/Windows 13.0.

Pezyamamu. XunomupeougHume nauvueHmu ¢ HopmaaeH VITM (pyna C) umam Had-Bucoka cpegHa cmou-
Hocm u meguaHa Ha T-Chol, LDL, Lp(a), ApoB u agunoHekmuH 6 cpaBreHue ¢ me3u 6 ocmaHaaume mpu 2pynu
(p<0,0001). MeguaHama Ha Lp(a) Ha obeguHeHume xunomupeougHu 2pynu (A+C) e HekoAkokpamHo no-Buco-
Ka cnpamo ma3u Ha obeguHeHume eymupeougHu 2pynu (B+K) cbc cmotnocmu cbomBemuo 117 u 22 mg/L
(p<0,0001). Haauue e noaoxkumeaHa kopeaauusa mexxkgy TSH u Lp(a). HOMA-IR u cmumyAaupaHusm uHCYAUH
Npu opaneH 2Al0k030 moaepaHimer mecm (OGTT) ca 3Hauumo no-Bucoku npu XunomupeougHume OMKOAKOMO
npu eymupeougHume nauueHmu (p<0,001). AgunoHekmuHbM € cueHUUKAHMHO No-BucoK Npu Xunomupeoug-
Hama omkoakomo 8 o6eguHeHama eymupeougHa 2pyna (p<0,001). Haauue e noroXKumeAHa KopeAauua mexgy
TSH u agunoHekmuHa u 8 gBeme 2pynu xunomupeougHu nauueHmu (p<0,001)

3akarveHue. AaHHume nokazBam 3HauumeaHo noBuweHu HuBa Ha Lp(a) u agunoHeKMUH Npu NauueHmMu ¢
Xunomupeougu3bm, kopecnoHgupawu ¢ HuBama Ha LDL, ApoB, BMI u HOMA-IR. Moe ga ce npegnoaoxu, ve
noBuweHusmM agunoHeKMUH e komneHcamopHa hpomekmuBHa peakyua cnpamo noBuweHusa cbpgeuHo-cbgoB
PUCK UAU MOYKE ga Ce gbAXKU HAa pe3uCmeHMHOCM KbM agunoHeKmuHa.

KaroyoBu gymu: xunomupeougu3bm, anoAUNONPOMEUHU, aguNOHEKMUH, UHCYAUHOBa pe3ucmeHmHocm
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BbBegeHue

Xunomupeouguzmbm U 3amabcmaBaHemo ca
yecmo cpewaHu 3aboanBaHus, 3a koumo e uzBecmHo,
ye Bauaam Bopxy AunugHua memaboauzbm. Hecmoma-
ma Ha gBeme 3aboaaBaHua HapacmBa npoezpecuBHo 6
cBemoBen mawab, 3acazaiku Hag 50% om HaceAeHue-
mo no omHoweHue Ha 3amabcmaBaHemo. Cnopeg
MHo2oueHmpoBu npoyuBarua npu 19 996 nayueHmu
cbe 3amabemaBaHe  paznpocmpaHeHuemo Ha abeH u
cybKAUHUYEH Xxunomupeougu3bm e cbomBemHo 14%
u 14,6% (1). MpeguzBukameacmBama omHOCHO Max-
Hama Ko-mopbugHocm ca cBbp3aHu ¢ pazaudHU namo-
2eHeMuUYHU MexaHu3mu, obycaaBawu Hapywerun 6
AunugHama obmaHa, uHcyauHoBa pe3ucmeHmHocm u
XpoHUuHO Bb3nareHue. VImyHoAO2UMHUAM MOAEpaHC
moxke ga 6bge noBauaH gupekmHO U UHgUPEKMHO om
cekpeuuama Ha pa3AudMHU agunouyumokuHu (2aaBHo
AenmuH, agunoHekmut, Bucgamut), cbwo uHmMepaed-
KuH-6 (IL-6), mymop-Hekpomusupaw, gakmop aada
(TNFa), uHmepaeBkun-10 (IL-10). KpadHuam pe3yamam
e npexog om Th-2 kem Th-1 umyHeH omeoBop, cmumy-
Aupaw, npoaBama Ha aBmoumyHHu peakuuu (2,3).

Xunomupeougu3mbm uma HezamuBeH edgekm
Bbpxy memaboAuzma Ha AunonpomeuHume, Kakmo u
Bbpxy gpyau puckoBu gpakmopu 3a pazBumue Ha ame-
pockAepo3a U CcbpgeuHo-cbgoBu ycaoxkHeHua. ToBa
ce peaAu3upa No HAKOAKO mexaHu3ma: 1. [MomuckaHe
akmuBHocmma Ha 3-XugpoKCu-3 MeEMUAAYMAPUA-KO-
eH3um A-pegykmazama, koemo e nbpBama cmbnka 6
HGuocuHmesama Ha xoaecmepoaa; 2. [lomuckaHe Ha
2eHHama ekcnpecua Ha LDL-peuenmopume; 3. INoBau-
aBaHe Ha nAazmeHume HuBa Ha AUNONPOMEUH AUNa3-
Ha akmuBHocm, koumo yBeauuyaBam ocmamubuume
Ha AunonpomeuHume (4).

Xunomupeouguzmbm Bogu go yBeauuaBae
Ha amepozeHHUMe anoAunonpomeuHoBu gpakuuu
kamo AnoaunonpomeuH B (ApoB) u Lipoprotein (a)
[Lp(a)]. ApoB cbwecmByBa 68 gBe popmu- ApoB100 u
ApoB48, Bkatouumearo LDL, VLDL, IDL u xuAomuKkpo-
Hu. Lp(a) e omgeaeH nogkaac, cbgbpykaw, LDL-nogob-
HU Yacmuuu u cneyudguyeH anoAUNONPOMeEUH, Kou-
mo e koBareHmHo cBbp3aH ¢ ApoB. Tou peaausupa
Bpb3kama mexkgy Aunugume u kpbBocbcupBaHemo,
cbomBemHo mexgy amepozeHe3ama u cbgoBama
mpombo3a. YcmaHoBeHa e cmpykmypHa aHaao2us
mexxkgy Lp(a) u naa3muHozeHa, mbl Kamo 2eHbm Ha
Lp(a) ce eeHepupa om gybAupaHe Ha NAA3MUHO2EHHUA
2eH (5). Bucokume HuBa Ha Lp(a) npegckazBam pan-
Ha amepockAepo3a, HezaBucumo om gpyau puckoBu
pakmopu, BkaouumeaHo LDL. pu nayueHmu ¢ Ha-
npegHaAu cbpgedHo-cbgoBu 3aboaaBarua Bucokuam
Lp(a) nokazBa noBuweH KoazyaaHMHUA pUCK U MPOM-
603a Ha nAakume, Kamo CMUMYAUpPa npoAudepauu-
aMa Ha 2AagKOMYCKYAHUMe kaemku (6). NoHacmos-
wem EBponelickama acouuauua 3a amepockaepo3a

npenopbuBa npu nauueHmume ¢ ymepeH uau Bucok
puck om cbpgeuHo-cbgoBu 3aboaaBaHua ga ce npo-
Bepam HuBama Ha Lp(a) (7).

AoKa3zaHo e, ye omgeAHUME U30POPMU Ha MuU-
peougHume peuenmopu (TR) npucbcmBam kakmo
8 6arama (WAT), maka u 6 kadgpaBama (BAT) macmHa
mbKaH, ¢ npeobragabare Ha T3R-B1. T, pezysupa ekc-
npecuama Ha MHO20 2€HU, KOgupawu Auno2eHe3ama
(ocobeHo LDL amepozeHHUME AUNONPOMEUHU C HUCKA
NABMHOCM), KaKMO U AuNoAu3ama. AucgyHkuuama Ha
wumoBugHama »xaAe3a e cBbp3aHa Cbwo ¢ UHCYAuHOBa
pezucmenmHocm (IR) (8). TSH cmumyaupa uHcyauHoBu-
me HuBa Ha 2ragHO U CAeg XpaHeHe, Kamo nogmucka
uHcyauHoBama yyBecmBumeaHocm. YecmaroBeHo e, ve
HucKo-HopmaAHume HuBa Ha FT ca cBbp3aHu ¢ noBuwe-
Ha uHcyauHoBa pesucmenmHocm (9,10).

Hakou npoyuBarua nokazBam, ue npu nayueHmu
CbC 3axapeH guabem mun 2 cepymHume HuBa Ha agu-
NOHEKMUH KopeAupam ¢ uHcyauHoBama pezucmeHm-
Hocm (8). Huckume HuBa Ha agunoHekmuH u Buco-
kume HuBa Ha cBobogHu macmHu kuceauHu (FFA) ca
cBobp3aHu ¢ IR, Ho moxke ga ce HabatogaBa agumuBen
epekm (11). Te3u KoOHCMamayuu ce nogkpenam om in
vitro u in vivo npoyuBaHun, nokazBawu, Ye agunoHe-
KMuHbM uHxubupa cuHme3a Ha MaCMHU KUCEAUHU U
CMuUMyAUpa MAaXHOMO oKucAeHue. Aoka3zBa ce kalouo-
Bama poAa 3a agunoHeKMUH Kamo UHCYAuHoB ceHcu-
6uauzamop 6 myckyaume, yepHua gpob u macmHama
mbkaH (12,13).

Llean Ha uzcregBanemo e ga ce npoyvam ame-
po2eHHUMe (Ppakuuu Ha AUNONPOMeEUHUMe, cepy-
MHUMe HuBa Ha agunoHeKMuUHa U UHgeKcume Ha
uHcyAauHoBa pe3ucmeHMHOCM Npu nayueHmu C Xu-
nomupeougu3bm, cBbp3aHu ¢ merecHOMoO Me2A0 u
BucuepaaHomo 3amabcmabane.

Mamepuaau u memogu

B npoyuBanemo ca BkatoueHu 118 nauueHmu
(85 »eHu u 33 mbxe, cpegHa Bb3pacm 4311 2.),
pazgeaeHu B8 4 Bb3zpacmoBo cvBnagawu 2pynu, Cb-
nocmaBeHu cnopeg UTM: Tpyna A - 31 3amabcme-
AU XUnomupeougHu nauueHmu (24 >xeHu, 7 MbXKe,
cpeger VITM-36,1 kg/m?); Tpyna B - 30 3amabcmenu
eymupougHu nauueHmu (16 >xeHu, 14 mbKe, cpe-
geH NTM-38,6 kg/m?); Tpyna C - 28 xunomupeougHu
nauueHmMu ¢ HopmaAHO mez2nao (16 >keHu, 12 mbike,
NTM- 24,8 kg/m?) u Fpyna K - 29 3gpaBu gobpoBoauu
C eymupeougHa yHkuyua Ha wumoBugHama >kae3a
Kamo koHmpoau (19 »eHu, 10 moxe, UTM-22,4 kg/
m?). CpegHama cmolHoCcm Ha 0b6uKoAKama Ha maau-
ama u npu gBeme 2pynu ¢ HagHOpMmeHO mez2ao e 102
cm (Mbxke) u 88 cm (>keHu).

Aabopamopuuam nauea BkarouBa: TSH (CMIA,
pepepeHmen o6xBam 0,35-4,9 mU/L), FT, (CMIA,
pecdepeHmeH ob6xBam 9-19 pmol/L), Lipoprotein(a)
[Lp(a)] (umyHHO-MypbogumempuveH eH3uMeH memog
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- ITDM, pedepermen o6xBam 0-300 mg/L), Anoau-
nonpomeuH B (ApoB) (ITDM, pecepenmen 06xBam
0,53-1,82 g/L), obw, xorecmepoa (T-Chol, pegpepen-
meH o6xBam 3,5-6,2 mmol/L), AunonpomeuHu c
Hucka nAbmuocm (LDL, pegpepeHmen o6xBam 1,8-4,1
mmol/L), aunonpomeuru ¢ Bucoka naAbmHocm (HDL,
peepeHmeH o6xBam 1,0-2,1 mmol/L)), agunoHek-
muH (ELISA, pegepermen ob6xBam 5-8,3 pg/mL), un-
CYUAUH Ha 2aagHo (upe3 CMIA, pepepeHmer ob6xBam
3-17,1 mU/mL), oueHka Ha XomeocmamuyeH MOgeA
Ha uHcyauHoBa pe3ucmermuocm (HOMA-IR), cmah-
gapmeH OGTT (cepymHa 2A10K03a u UHCYAUH Ha 0, 60
u 120 muHymu ). HOMA-IR ce uzuucaaBa no popmy-
A2 (2AIOKO3a Ha 2AagHO, YMHOXKEHA NO UHCYAUH, pa3-
geAeHa Ha pakmop 22,5). CmaHgapmHuam opaaseH
2AtoK030 moAepadmer mecm (OGTT), uzBbpuweH npu
Bcuuku nayueHmu 6e3 guabem, BkatouBa 2Al0KO3a U
CEePYMEH UHCYAUH (Da3areH UHCYAUH, pedpepeHmeH
o6xBam 3-17,1 mlU/L). HOMA-IR >2,5 u cepymeH
uHcyAauH >30mU/mL Ha 120 muHyma om OGTT 6axa
npuemu Kamo noka3ameAHu 3a uHcyauHoBama pe-
3ucmeHmHocm.

Cmamucmuyeckama obpabomka Ha gaHHume
BkatouBa: BapuauuoHeH U YecmomeH aHaAu3, He3a-
Bucumu npobu T-mecm, egHONOCOYEH gUCNEPCUOHEH
aHaau3 (Oneway ANOVA), HenapamempuyHu memogu
(xu-kBagpam mecm, moueH mecm Ha Duwep, mecm
Ha Kpyckaa-Yoauc, mecm Ha Max-YumHu), napame-
MpuyeH KoepuyueHm Ha AuHelHa Kopeaauus Pearson,
HenapamempuyeH KoeuuueHM Ha AUHelHa KopeAa-
uua Spearman. KpumuuyHomo HuBo Ha 3Hadumocm e
a=0,05. 3a obpabomka Ha gaHHU e uznoa3Bara Bepcu-
ama SPSS - SPSS 3a Windows 13.0. Cmamucmuuecku
aHaausu 6axa uzBopwenu om SPSS 3a Windows 13.0.

Pesyamamu

CpegHume cmouHocmu Ha TSH u cmangapmuume
omkaoHeHusa B uzcaegBarume 2pynu nayuenmu ca: lpy-
na K - 1,68+0,92 mU/L, Tpyna A - 12,23+11,08 mU/L,
fpyna B - 1,87%0,92 mU/L, Tpyna C - 27,93£30 mU/L
(meguaHu: cbomBemHo 1,40-8,88-1,65-12,57 mU/L).

OcHoBHume koauvecmBeHu napamempu 3a Bca-
kKa om cpaBHeHume epynu ca npegcmaBeru 6 Tab-
Auga 1. TlauyueHmu ¢ xunomupeougHa (PYHKUUA Ha
wumoBugHama »Ae3a C HOPMAAHO MEAECHO ME2A0
(Tpyna C) nokazBam 3HauumeaHo Hal-Bucoku cpeg-
HU cmoUHocmu Ha obwua xoarecmepoa, LDL, HDL,
Lp(a) u agunoHekmuH 6 cpaBHeHue ¢ me3u om gpy-
2u 2pynu (p<0,0001). MeguaHume Ha Lp(a) 6 ywemu-
pume 2pynu ca nogobHu (Que. 1). MeguaHama Ha
Lp(a) Ha obeguHeHume 2pynu hayueHmu C Xunomu-
peougu3zbm (2pynu A+C) e 3HauumeaHo no-Bucoka 6
cpaBHeHue ¢ ma3zu Ha obeguHeHume 2pynu eymu-
peogHu nauueHmu (epynu B+K), yuumo cmodHocmu
ca cobomBemuo 117 u 22 mg/L ¢ p<0,0001 (Due. 2).
YcmaroBaBa ce HenapamempuyHa NOAOYKUMEAHA Kope-
Aauua mexkgy TSH u xoaecmepoaa, ApoB u Lp(a) (Due.
3). HOMA-R u cmumyaupaHama 2atoko3a om OGTT ca
3HauuMeAHO No-BUCOKU NpU XUNOMUPEOUGHU OMKOA-
KOMO Npu eymupeougeH nayueHmu, HezaBucumo om
WITM (p<0,001).

CpegHume cmoUHOCMU U mMeguaHume Ha agu-
NOHeKMUH ca MHo20 no-Bucoku npu obeguHeHama
2pyna nauyueHmu ¢ XunomupeougHa yHKuUA Ha wiu-
moBugHama >kAe3a, OmKOAKOmMO npu obeguHeHama
2pyna ¢ eymupeougHa ¢pyHkuusa (p<0,001) (Due. 4).
ToBa e 3HauuMeEAHa NOAOXKUMEAHA KOpeAauua mexxgy
TSH u agunoHekmuH u 6 gBeme 2pynu nauueHmu c
xunomupeougHa >Ae3a (rho=0,344, p<0,001) (Due. 5).

8004
__ 600 ~
>
£
)
o, 400 1 T Meguaru Ha Aunonpomeun (a) npu u3-
caegBaHume 2pynu navueHmu.
[pyna K - eymupeougHu KOHMPpOAU ,
j [pyna A - xunomupeougHu nauvueHmu
200 | —I} cbce 3amabemaBate,
[pyna B - eymupeougHu nayueHmu cbe
T 3amabcmaBane,
0,00- = [pyna C - xunomupeougHu nauueHmu c
T T T T HOPMAAHO MEAECHO Me2A0
K A B C

lpyna nauneHTn
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_ CpegHu cmoUHOCMU U meguaHu Ha koaudecmBeHume nokazameau Ha uzcaegBaHume

2pynu navueHmu.

Variables Pationt groups Difference | Test P
K A 8 C
Count 29 31 30 28
Mean 49 54 5,9 6,4 ¢ kw | 0,001
Cholesterol +SD 0,78 1,06 0,93 2,32
(mmol/1) Median 4,82 5,53 5,8 5,79
Mean 1,48 1,70 1,58 1,25
3-glicerides +SD 0,285 1,061 0,831 0,659
(mmol/l) Median 1,48 1.32 1,37 1.1
Mean 1,14 3,17 3,51 3,70 . KW  [<0,0001
Lot +SD 0,806 0,673 0,666 1,627
(mmol/l) Median 0,84 3.1 3,45 3,15
Mean 2,51 1,30 1,23 1,64 ANOVA |<0,0001
HDL +SD 0,561 0,306 0,234 0,431
(mmol/l) Median 2,33 1,2 1,185 1,615
Mean 0,97 1,00 1,15 1,06 ° kw | 0,005
ApoB +SD 0,136 0,218 0,210 0,479
&/ Median 1,02 1,0 1,1 0,93
Mean 74 131,2 92,4 207,3 ¢ kw | 0,012
LP(a) +SD 5,73 118,63 138,42 199,78
(mg/1) Median 7,35 77.9 36,5 156,6
Mean 1,48 4,82 5,10 1,55 . KW  [<0,0001
HOMA-IR +SD 0,71 3,56 2,85 1,01
Median 1,3 3,14 4,36 1,39
Mean 6,0 11,6 7,5 19,1 o KW [<0,0001
Adiponectin +SD 4,14 7,01 4,39 10,96
(mg/1) Median 5,0 10,5 6,87 15,25

CuzHuukaHMHU pa3AuKu Mexkgy noHe egHa gBouika 2pynu, 3a koumo cbomBemHume mecmoBe ca mapkupaHu ¢ (*)

Obcbikgane

AaHHume om Hacmoawomo npoyuBaHe nokas-
Bam, ue xunomupeouguzmbm Bogu go Mexku Ha-
pyweHua Ha AunugHUa memaboAu3bM, OMHACAWO Ce
3a amepozeHHUMe pPakyuu Ha XOAeCMepoAa - Au-
nonpomeuHume ¢ Hucka NAbmHocm. B Hal-20Aama
cmeneH moBa ce omHaca 3a Lp(a), yuumo cpegHu
cmoUHOCMU NpU XUNomMupeougHuUme AuUa C HOPMaA-
HO meaecHo meaao (fpyna C) HagxBbpaam HeKOAKO-
KpamHO me3u Npu eymupeougHume Auua, Bkarouu-
MEeAHO Npu CcAydaume CbC 3amabecmaBaHe u cxogeH
MTM (Tpyna B). Peguua npoyuBarua npe3 nocaeg-
Hume 2oguHu gokazBam, ye Lp(a) e BucokopuckoB
npoz2HOCMuUYeH (hakmop 3a aMmepOCKAEPOMUYHO Cbp-

geuHo-cbgoBo 3aboaaBare (ACCC3) u uHcyam, He3a
Bucum om gpyau AunugHu napamempu, Bkarouumen-
Ho LDL (14,15). Ha moBa ocHoBaHue EBponeldckomo
gpykecmBo no amepockaepo3a npenopbuBa npu na-
yueHmu ¢ ymepeH uau Bucok puck om CC3 ga ce u3-
cregBa Lp(a), kamo ueaeBume cmoiHocmu mpa6Ba
ga ca <14 mg/dL. Mpoekmwbm BiomarCaRE, ocbwecm-
BeH Bbpxy eBponelicka nonyaauus, nomBoupikgaba,
ye Lp(a) e mapkep 3a noBuweH puck om CC3 npu
HuBo >50 mg/dL, koemo cbomBemcmBa Ha npeno-
pbkume Ha amepukaHckume acouuauuu ACC/AHA
(16-18). AaHHUMe om Hacmoawemo npoyuBaHe no-
kazBam mHo20 no-Bucoku HuBa om maka npenopb-
yumeaHUmMe, Koemo ce omHaca 3a Bcuuku 2pynu u3-
caegBaru nauuenmu, 8 Hal-2oAama cmeneH 3a me3u
€ xunomupeougu3bm, HezaBucumo om meaecHOMoO

280

EHgokpuHonozus Tom XXV N24/2020



. TSH

150 7
. AOVNOHEKTUH
LP
100 -
c
o
3
= Queypa 2.
50 Meguanu Ha TSH, AgunoHekmuH u Lp (a) npu obegu-
HeHume 2pynu, cnopeg yHKuuama Ha wumoBugHama

)ae3a: 0 - eymupeougHu (2pynu K+B); 1- xunomupeo-
ugHu (epynu C+A)

O —
0 Mpyrn 2 1
804 o .
7,09 : °° o o
<
o 38 of
£ 6,04 o © °
£ 5
—= o ° o
o) o
2 5,0 “g’ﬁﬁ%o °
3 ® -,
2 «%
Q 404 ©° o
Queypa 3. = o 5
R Sq Linear = 0,008
AuHeUHa Kopeaauua mexgy TCX u 06-
wua XoAeCMepOoA NPU XUNOMUPEOoUgHU- 3,01
1 T 1 1 1 I I
me nayuexmu (p<0.01). 00 100 200 300 400 500 60,0
0 Crartyc 1
15,001
T
£ 10,00-
)
I
o
S
=8 G)ua ad4.
< 5,007 -
’ CpegHu cmolHOCMU U MeguaHu Ha agu-
NOHEKMUH Npu obeguHeHume 2pynu ey-
MUPEOUgHU U XUNOMUPEOUgHU nauueH-
mu (p<0,001) 0 - eymupeougHu (2pynu
0.00 - K+B); 1 -xunomupeougHu (2pynu A+ C)

Mean Median Mean Median

Endocrinologia vol. XXV N24/2020




Jlo3aHoB, JIbye3ap b. u compygHuyu

100,000
80,000+
£
o
2
.8_ 60,0004
o
<
S
- 40,000+
C
©
o
20,000+
o ©°°%, ° e nin AuHelHa KopeAauua mexgy aguno-
°° of ° e HekmuH u TCX npu xunomupeougHu-
0,000 - °© o & me nauueHmu (A+C).
0,000 20,000 40,000 60,000 80,000 100,000

meaao. YcmaHoBaBam ce cbwo HezamuBHU edpekmu
Ha xunomupeougu3ma Bbpxy uHcyauHoBama uyBcm-
Bumeanocm, koemo cbomBecmBa Ha gaHHUMe U Ha
gpyau aBmopu (8-10).

Ecdpekmume Ha mupeougHume XopmoHu Bbp-
Xy ekcnpecuama Ha agunoHekmuHoBua 2eH npu
mupeougHa gucyHkuua ocmaBam HeacHu (19).
AaHHUMe 3a poAama Ha mupeougHUme XOPMOHU
NoO omHoweHue Ha agunoHekmuHa ca npomuBope-
yuBu. Hakou npoyuBarHua ycmaHoBaBam HamareH
aguNOHEKMUH NpuU XUNOMUPEOUgU3bM, gpyau He
Hamupam 3HavYuUMeAHU Pa3AuKU CNpAMO eymupeo-
ugHu Auua. M3caegBanua Bbpxy ekcnepumeHmanHu
»kuBomHu nokazBam noBuwenu HuBa Ha aguno-
HekmuH B8 cepyma Ha XunomupeougHu Kydema u
mopcku cBuHuema u HamaaaBaHemo um caeg 3a-
mecmBare ¢ AeBomupokcun (20). Cowuam egpekm
Ha 3amecmumeAHama mepanua 8bpxy agunoHekmu-
HoBume HuBa e onucaH u npu xopa ¢ MaHugecmen
xunomupeougu3zbm. B Hacmoawemo npoyuBane
Hue ycmaHoBaBame noBuweHu HuBa Ha agunoHe-
kmuH u 8 gBeme xunomupeougHu 2pynu (C u A).
Kamo ce uma npegBug, ue agunoHekmuHbM € go-
kKazaH npomekmuBeH pakmop 3a CC3 moxe ga ce
npegnoaaeza, ye noBuwerume HuBa Ha agunoHeKMuUH
NpuU XunomMupeougu3dbm Ca KOMNEHCamopHa peak-
uua 3a HamaaaBaHe Ha KapguoBackyaapHua puck

UAU Ce gbAXKam Ha pe3ucmeHmHOCMm Ha agunoHe-
kmuHoBume peuenmopu. Heobxogumu ca gonba-
HUMEAHU KAUHUYHU npoyuBaHua OmHOCHO poAama
Ha agunoHekmuHa u Bpb3kama My ¢ amepoz2eHHUMe
AUNONPOMEUHU NPU  XUNOMUPEOUgU3bM, Kakmo u
Bbpxy eekma Ha 3amecmumeaHama mepanua C Ae-
BomupokcuH Bbpxy me3u nokazameau (21).

3akaloueHue

AanHume om npoyuBanemo nokazBam, ue xu-
nomupeouguzmbm e BaxkeH namozeHemuveH (ak-
mop 3a u3zaBama Ha memaboAumHu HapyweHus,
koumo Bogam go 3Hauumo HapacmBaHe Ha ame-
po2eHHUMe anoAunonpomeuHu, ocobeHo Ha Lp(a),
yBeauuaBalku 3HayumeAHO CbpgeuHo-cbgoBua
puck. NMoBuweHume cmolHoCMU Ha aguNOHeKMUH
MOXKE ga ce p32AeXkgam Kamo KomneHcamopHa pe-
aKuua UAU ga ce gbAaXkam Ha pe3ucmeHmHocm Ha
agunoHekmuHoBume peuenmopu. ToBa e cBobp3a-
HO Cc HamaAsBaHe Ha uHcyauHoBama uyyBcmBumen-
Hocm, meHgeHuua 3a yBeauuaBare Ha mearecHOMO
me2A0 U Ha gpyaume amepo2eHHU (Pakmopu.

Aekaapayua 3a uHmepecu. Bcuuku aBmopu ge-
KAQpupam, ye HAMa KOH(PAUKM Ha uHmMepecu, Kou-
mo 6u Mo2bA ga 6bge Bb3npuem Kamo HakbpHA-
Baw, 6egnpucmpacmHocmma Ha moBa uzcaegBane.
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Abstract

Background. Hypothyroidism and obesity are common diseases known to influence lipid metabolism. The
challenges in their co-morbidity are associated with different pathogenetic mechanisms aggravating lipid disturbanc-
es, insulin resistance and the contribution of adipokines.

The aim of the study was to investigate atherogenic lipoprotein fractions, insulin resistance indices and serum
adiponectin levels in patients with hypothyroidism in relation with body weight.

Material and methods. 118 studied patients (85 females, 33 males, mean age 4311 years) were divided into
4 age-matched groups regarding body mass index (BMI): Group A - 31 obese hypothyroid patients, Group B -
30 obese euthyroid patients, Group C - 28 hypothyroid patients with normal BMI, and Group K - 29 euthyroid
individuals with normal BMI as controls. The laboratory panel included: Thyrostimulating Hormone (TSH) and Free
Thyroxine (FT,) (CMIA), Lipoprotein(a) [Lp(a)] (immune-turbodimetric enzymatic method - ITDM), Apolipoprotein
B (ApoB) (ITDM), Total Cholesterol (T-Chol), Low Density Lipoprotein (LDL), Adiponectin (ELISA), Homeostatic
Model Assessment for Insulin Resistance (HOMA-IR), standard Oral Glucose Tolerance Test (OGTT) (serum glucose
and insulin). Statistical analyses were performed by SPSS/Windows 13.0.

Results. Hypothyroid patients with normal BMI (Group C) revealed significantly higher median values of T-Chol, LDL,
Lp(a), ApoB and Adiponectin compared to those of other groups (p<0,0001). The Lp(a) median of the united hypothyroid
groups (A+C) was significantly higher compared to the united euthyroid groups (B+K) whose median values were 117
and 22 mg/L, respectively (p<0,0001). There was a positive correlation between TSH, ApoB and Lp(a). HOMA-IR and
stimulated insulin in OGTT were significantly higher in hypothyroid than in euthyroid patients (p<0,001). Adiponectin
was higher in united hypothyroid patients than in the united euthyroid group (p<0,001). There was a significant positive
correlation between TSH and adiponectin in both hypothyroid patient groups (rho=0,344, p<0,001)

Conclusion. The data showed significantly increased Lp(a) and adiponectin levels in hypothyroid patients corresponding
to levels of LDL, ApoB, BMI and indices of insulin resistance. It could be assumed that increased adiponectin appeared
as a compensatory reaction protecting against cardiovascular risk or may be due to adiponectin resistance.

Key words: hypothyroidism, apolipoproteins, adiponectin, insulin resistance

known to influence lipid metabolism. The incidence of

Introduction
both diseases is growing progressively worldwide, af-

Hypothyroidism and obesity are common diseases
known to influence lipid metabolism. The incidence of
both diseases is growing progressively worldwide, af-
fecting over 50% of the population in terms of obesity.
Hypothyroidism and obesity are common diseases

fecting over 50% of the population in terms of obesity.
According to a multicenter study in 19,996 obese pa-
tients, the prevalence of manifest and subclinical hypo-
thyroidism was 14% and 14,6%, respectively (1). The
challenges in their co-morbidity are associated with
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different pathogenetic mechanisms aggravating lipid
disturbances, insulin resistance and chronic inflamma-
tion. Immunoligical tolerance can be affected both
directly and indirectly by the altered secretion of ad-
ipocytokines (mainly leptin, adiponectin and visfatin)
and/or cytokines (interleukin 6; IL-6), tumor necrosis
factor alpha (TNFa) and interleukin 10 (IL-10). The end
result is a transition from a Th-2 to a Th-1 immune
response, the latter stimulating the manifestation of
autoimmune reactions (2,3).

Hypothyroidism has a negative effect on the me-
tabolism of lipoproteins as well as other risk factors for
the development of atherosclerosis and cardiovascular
complications. This is realized by several mechanisms: 1.
Suppressing the activity of 3-hydroxy-3 methylglutaryl-co-
enzyme A-reductase, which is the first step in the biosyn-
thesis of cholesterol; 2. Suppressing the gene expression
of LDL receptors; 3. Affecting the plasma levels of lipopro-
tein lipase activity which increase lipoprotein residues (4).

Hypothyroidism leads to an increase in atherogenic
apolipoprotein fractions such as Apolipoprotein B (ApoB)
and Lipoprotein(a) [Lp(a)]. ApoB exists in two forms -
ApoB100 and ApoB48, including low density lipoproteins
(LDL), very low density lipoproteins (VLDL), intermediate
density lipoproteins (IDL) and chylomicrons. Lp(a) is a
separate subclass containing LDL-like particles and a
specific apolipoprotein which is covalently bound to
ApoB. It realizes the connection between lipids and
blood clotting, respectively, between atherogenesis
and thrombosis. A structural analogy between Lp(a)
and plasminogen is established because the Lp(a) gene
is generated from the duplication of the plasminogen
gene (5). High Lp(a) is a prediction of early athero-
sclerosis independently of other risk factors, including
LDL. In patients with advanced cardiovascular disease
high Lp(a) indicates a coagulant risk of plaque throm-
bosis and also promotes the proliferation of smooth
muscle cells. These unique features of Lp(a) suggest a
generation of clots and atherosclerosis (6). The Euro-
pean Atherosclerosis Society currently recommends
that patients with moderate or high risk of cardiovas-
cular disease have their Lp(a) levels checked (7). The
individual isoforms of thyroid receptors (TR) have been
shown to be present in both white (WAT) and brown
(BAT) adipose tissue with a predominance of T3R-p1.
T3 regulates the expression of many genes that encode
lipogenesis (especially low-density LDL atherogenic li-
poproteins) as well as lipolysis.

Thyroid dysfunction insulin resistance has also
been associated with insulin resistance (8). TSH is as-
sociated positively with fasting and postprandial insulin
levels, and negatively with insulin sensitivity, respective-
ly. In addition, low-normal FT-4 levels are significantly
associated with elevated IR (9,10).

Some studies have demonstrated that adiponectin
serum levels correlate with insulin resistance in type 2
diabetic patients (8). It was shown that low adiponectin

levels and high FFA levels are associated with IR. In addi-
tion, an additive effect of low adiponectin and high FFAs
with high AVF on the manifestation of IR was observed
(11). These findings are supported by in vitro and in vivo
studies showing that adiponectin (ADH) inhibits fatty
acid synthesis and stimulates their oxidation. The key
role of ADH as an insulin sensitizer in muscle, liver and
adipose tissue has been demonstrated (12, 13).

Aim of the study was to investigate atherogenic
lipoprotein fractions, serum adiponectin levels, and in-
sulin resistance indices in patients with hypothyroidism
in association with body weight and visceral obesity.

Material and methods

118 studied patients (85 females, 33 males, mean
age 43%11 years) were divided into 4 comparable age-
matched groups regarding BMI: Group A - 31 obese
hypothyroid patients (24 females, 7 males, mean BMI
36,1 kg/m?); Group B - 30 obese euthyroid patients
(16 females, 14 males, mean BMI 38,6 kg/m?); Group
C: 28 normal weight hypothyroid patients (16 females,
12 males, mean BMI 24,8 kg/m?) and Group K: 29 nor-
mal weight euthyroid healthy volunteers as controls (19
females, 10 males, mean BMI 22,4 kg/m?). The mean
waist circumference in both obese groups was 102 cm
(males) and 88 cm (females).

The laboratory panel included: TSH (CMIA, refe-
rence range: 0,35-4,9 mU/L), FT, (CMIA, reference
range 9-19 pmol/L), Lp(a) (immune-turbodimetric enzy-
matic method - ITDM reference range: 0-300 mg/L),
ApoB (ITDM) (reference range: 0,53-1,82 g/L), total
cholesterol (T-Chol, reference range: 3,5-6,2 mmol/L),
low density lipoproteins (LDL, reference range: 1,8-4,1
mmol/L), high density lipoproteins (HDL, reference
range:1,0-2,1 mmol/L)), adiponectin (ELISA, reference
range: 7-5-8,3 ug/mL), fasting insulin (by CMIA, reference
range: 3-17,1 mU/mL), Homeostatic model assessment
for insulin resistance (HOMA-IR), standard oral glucose
tolerance test (OGTT) (serum glucose and insulin at 0,
60,120 min). HOMA-IR was calculated by the formula
(fasting glucose multiplied by insulin divided by factor
22,5). The standard OGTT performed in all non-diabetic
patients included glucose and serum insulin (basal insu-
lin reference range 3-17,1 mlU/L). HOMA-IR >2,5 and
serum insulin >30 mU/mL at 120 min during OGTT were
accepted as indicative of insulin resistance.

Statistical data processing included: Variation and
frequency analysis, independent samples T-test, One-
way analysis of variance (Oneway ANOVA), non-para-
metric methods (Chi-square test, Fisher's exact test, Krus-
kal-Wallis test, Mann-Witney test), parametric coefficient
of linear correlation Pearson, nonparametric coefficient
of linear correlation Spearman. The critical level of signif-
icance was a=0.05. The SPSS version- SPSS for Windows
13.0 was used for data processing. Statistical analyses
were performed by SPSS for Windows 13.0.
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Results

TSH mean values and standard deviations in the
studied groups were as follows: Group K - 1,68+0,92
mU/L, Group A - 12,23+11,08 mU/L, Group B -
1,87£0,92 mU/L, Group C - 27,93£30 mU/L (medi-
ans:1,40-8,88-1,65-12,57 mU/L, respectively).

The main quantitative parameters for each of the
compared groups are presented at Table 1 (Table 1).
Hypothyroid patients with normal body weight (Group
C) revealed significantly higher mean values of total
cholesterol, LDL, HDL, Lp(a) and Adiponectin com-
pared to those of other groups (p<0,0001). Their Lp(a)
medians are similar (Fig. 7). The median of Lp(a) of the
united hypothyroid patients’ groups (A+C) is significant-
ly higher compared to that of the united groups euthy-
roid participants (B+K) whose values are 117 and 22
mg/L respectively (p<0,0001) (Fig. 2). A nonparamet-
ric positive correlation between TSH and cholesterol
(Fig. 3) was established. ApoB and Lp(a), HOMA-IR and
stimulated glucose by OGTT were significantly higher
in hypothyroid than in euthyroid patients, independent-
ly of BMI (p<0,001).

Adiponectin mean values and medians are much
higher in united hypothyroid patients than in united euthy-
roid group (p<0,001) (Fig. 4). There is a significant positive
correlation between TSH and adiponectin in both hypo-
thyroid patient groups (rho=0,344, p<0,001) (Fig. 5).

Discussion

The data from the present study show that hypo-
thyroidism leads to severe disorders of lipid metabolism
related to atherogenic fractions of chole- sterol - low-den-
sity lipoproteins. This mostly refers to Lp(a) of which

the average value in hypothyroid individuals with nor-
mal body weight (Group C) is several times higher than
those in euthyroid individuals, including in cases of obe-
sity and similar BMI (Group C). A number of studies in
recent years have shown that Lp(a) is a high-risk prog-
nostic factor for atherosclerotic cardiovascular disease
(ASCVD) and stroke, independent of other lipid param-
eters, including LDL (14, 15). On this basis, the Europe-
an Atherosclerosis Society recommends that Lp(a) be
tested in patients with moderate or high risk of CVD,
with target values <14 mg/dL. The BiomarCaRE proj-
ect, implemented on an European population, confirms
Lp(a) as a marker for an increased risk of CV at a level
>50 mg/dL, which is in line with the recommendations
of the American ACC/AHA Association (16-18). The
data from the present study show much higher levels
than recommended, which applies to all groups of pa-
tients studied, especially for those with hypothyroidism.
They also demonstrate a negative effect of hypothy-
roidism on insulin sensitivity, which is consistent with
data from other authors (8-10).

The effects of thyroid hormones on adiponectin
gene expression in thyroid dysfunction remain unclear
(19). Data on the role of thyroid hormones in relation
to adiponectin are contradictory. Some studies have
found reduced adiponectin in hypothyroidism, others
found no significant differences from euthyroid individ-
uals. Studies in experimental animals have shown ele-
vated serum levels of adiponectin in hypothyroid dogs
and guinea pigs and their reduction after levothyroxine
replacement (20). The same effect of replacement ther-
apy on adiponectin levels has been described in peo-
ple with overt hypothyroidism. In the present study, we
found elevated adiponectin levels in both hypothyroid
groups (A+C). Given that adiponectin is a proven

800-
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o 400 A
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200 Medians of Lp(a) of the studied groups:
| Group K - normal weight euthyroid
controls; Group A - obese hypothyroid
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0,007 tients; Group C - normal weight hypo-
}'< A E: é thyroid patients.
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_ Mean values and medians of the quantitative variables in the studied groups.

Variables Patient groups Difference | Test | P
K A 8 c
Count 29 31 30 28
Mean 49 5,4 5,9 6,4 . KW 0,001
Cholesterol +SD 0,78 1,06 0,93 2,32
(mmol/l) Median 4,82 5,53 58 5,79
Mean 1,48 1,70 1,58 1,25
3-glicerides ) 0,285 1,061 0,831 0,659
(mmol/1) Median 1,48 1,32 1,37 1.1
Mean 1,14 317 3,51 3,70 C KW |<0,0001
Lot +SD 0,806 0,673 0,666 1,627
(mmol/l) Median 0,84 31 3,45 3,15
Mean 2,51 1,30 1,23 1,64 C ANOVA |<0,0001
HODL +SD 0,561 0,306 0,234 0,431
(mmol/I) Median 2,33 1,2 1,185 1,615
Mean 0,97 1,00 1,15 1,06 ’ KW | 0,005
ApoB +SD 0,136 0,218 0,210 0,479
&/ Median 1,02 1,0 1,1 0,93
Mean 74 131, 92,4 207,3 C Kw | 0,012
LP(a) +SD 5,73 118,63 138,42 199,78
(mg/1) Median 7,35 77,9 365 156,6
Mean 1,48 4,82 5,10 1,55 : KW |<0,0001
HOMA-IR +SD 0,71 3,56 2,85 1,01
Median 1.3 3,14 4,36 1,39
Mean 6,0 11,6 7.5 19,1 . KW |<0,0001
Adiponectin +SD 4,14 7,01 4,39 10,96
(mg/1) Median 5,0 10,5 6,87 15,25

Significant differences between at least one pair of the groups for which respective tests are marked with (*).

protective factor for cardiovascular disease, it can be as-
sumed that elevated levels of adiponectin in hypothyroid-
ism are a compensatory response toreduce cardiovascular
risk or are due to resistance to adiponectin receptors. Fur-
ther clinical studies are needed on the role of adiponectin
and its relationship to atherogenic lipoproteins in hypothy-
roidism, as well as on the effect of levothyroxine replace-
ment therapy on these parameters (21).

Conclusion

The data from the study show that hypothyroidism
is an important pathogenetic factor for the manifesta-
tion of metabolic disorders that lead to a significant in-
crease in atherogenic apolipoproteins, especially Lp(a),

significantly increasing cardiovascular risk. Elevated
adiponectin levels may be considered as a compen-
satory response or may be due to resistance to adi-
ponectin receptors. This is associated with a decrease
in insulin sensitivity and a tendency to increase body
weight and other atherogenic factors.

Declaration of interest. All authors declare that
there is no conflict of interest that could be perceived
as prejudicing the impartiality of this research.
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Pe3lome

Llea na npoy4Banemo: ga u3caegBa npuaoxkeHuemo om cmpaHa Ha 6bA2apckume Aekapu Ha wumoBugHu
XOPMOHU NpU XUNOMUPEOUJHU U eymupeougHu navueHmu ¢ ¢okyc B8bpxy apmayeBmuuHume opmu Ha
AeBomupokcuH (LT,).

Mamepuar u memogu: NpoyuBanemo e cpe3oBo, c aHkemeH memog. YuacmBaxa 120 aekapu (88 >keHu
u 32 mbxe), 62,4% om koumo Ha Bb3pacm Hag 50 2oguHu. EHgokpuHOoAO3ume cbecmabanBaxa 74% om aHke-
mupaHume, a ocmaHaaume 6axa obwonpakmukyBawu Aekapu, UHMePHUCMU U MAAKO gpyeu cheyuaaucmu.
Ha 6ba2apcku e3uk Gewe aganmupaH opu2uHaAHuam B8bnNpocHUK om mexxgyHapogHomo npoyuBaHe THESIS.
MbepBama yacm cbgbpika 8 Bvnpoca, KOUMO yeAam ga ugeHmuduuupam NPoguAa Ha aHKemupaHume Aekapu
(noa, Bb3pacm, cneuuaaHocm, mpygoB cmaxk, mun meguyuHcka npakmuka, o6opom Ha hauueHmu ¢ mupeoug-
Hu 3a6oaaBaHun). Bmopama cbuwuHcka yacm cbgbpyka 06wo 24 Bvbnpoca, koumo uzacHaBam npakmukume u
npegnoyumaHuama npu AeveHue Ha xunomupeougu3zma. Cmamucmuueckama obpabomka ce uzBvpwu ¢ npo-
2pamama IBM SPSS 19.0 for Windows.

Pezyamamu: Egna mpema (33,3%) om yyacmHuuume He buxa npenopbvyasu LT, Ha eymupeougHu nayueH-
mu. 96% npuemam, a 100% u3nuc6am LT, kamo cpegcmBo Ha nbpBu u3zbop 3a 3amecmumeAHo AeueHue npu
xunomupeougu3bm. Maaka yacm om omzoBopuaume (10%), obaue, Hamupam macmo u 3a uznucBaHe Ha mpu-
GogmupoHuH (LT,) uau kombuHauua om LT, u LT, (6%). Tabremkume reBomupokcun ca npegnoyumana chopma
cnopeg Hag noroBurama om omzoBopuaume, HO /s Buxa NPEGAOKUAU MEKU KanCyAl, OKOAO 1/6 - meueH pas-
mBop. 52,5% He Huxa noa3zBau Gog uau ceaen; 34,2% Guxa npenopbyasu KombuHUpaHo AeveHue ¢ LT, + LT, 3a

Endocrinologia vol. XXV N¢4/2020




bosaHoB, Muxaua A. u compygHuUUuu

Kpambk nepuog om Bpeme npu npompaxupaH xunomupeougu3ibm u 24,2% - npu HaAu4due Ha CUMNMOMU 3a XU-
nomupeougu3bm Ha (POHA Ha HOPMAAEH MupeocmMuMyAupaw, XopmoH. Kamo ocHoBHU npuduHu 3a npogbaxkaBa-
wia cumnmomamuka Ha nayueHmume Bbnpeku gobpua XopMoHaAeH KOHMPOA ce uzmbkBam npugpyskaBawume
3aboaaBaHusg, ncuxocoyuarHume hakmMopu, CUHgPOMbM Ha XPOHUYHA YMmopa U HepeaaucmuyHume ovakBaHus.
LllecmHagecem aekapu (13,3%) ca cbobwuAu, Ye camume me umam nocmaBeHa guazHo3a Xunomupeougu3bm
u 43,8% om max uznumBam npekomepHa caabocm/ymopaemocm. 25% om max buxa onumaau KOMBUHUpPaHO
AEUYEHUE UAU AeYeHUe C u3cyweH ekcmpakm (0bwo 4 aekapu).

3axaroqenue: LT, e ocHoBHUAM meguKkameHm, NpuAazaH 3a AedeHue Ha xunomupeougu3ma y Hac. Couema-
Huemo LT, + LT, u u3cyweHuam ekcmpakm Hamupam macmo 6 npakmukama Ha Hakou Aekapu. [NpoyuBanemo
nokazBa pazaukama mexxgy pvkoBogcmBama 3a gobpa KAUHUYHA NpakmMuKa u peaaHua >xuBom.

K/\lO"IOBU gyMu: Xxunomupeougu3bm, Ae60mUpOKCUH, KAUHUYHa NnpaKmuka, aHkema

BbBegeHue

Xunomupeougu3zmbm e egHa om Had-4ecmo cpe-
wiaHume eHgokpuHHU guciyHkuuu. B cBemoBen ma-
wab ce cmama, ve 2% go 6% om >keHume we pazBu-
am xunomupeougu3bm B xoga Ha xuBoma cu, kamo 6
OKOAO %/, om cayuaume wie ce Kacae 3a CybKAUHUYEH
Xunomupeougu3bm, a 20aam Bpoll caydau we ocma-
Ham u HeguazHocmuuupaHu (1). B pazauuHu npoyu-
BaHua ce omkpuBa HapacmBaHe Ha yecmomama Ha
Xxunomupeougu3ima cpeg Bb3pacmHOmMO HaceaeHue.
INpu npez2aeg Ha Ha3za gaHHU 3a Auua Ha Bb3pacm
>65 2oguHu B8 CALL| ce ycmanoBaBa, ue 3a nepuoga
2007-2015 2. yecmomama Ha xunomupeougu3ma e
HapacHaAa om 5,62% Ha 8,24% (2). Npu moBa 28,0%
om nauueHmume He ca noayvaBaAau 3amecmumen-
HO AeuveHue, a npu 17,4% cmolHocmume Ha mupe-
ocmumyaupawua xopmoH (TCX) ca buau Hag npeno-
pvuBaHume (2). B npoyuBaHe cpeg 2402 cayualHo
u3zbpaHu auua (1347 >xxeHu, 1055 mwbike) npe3 2006 2.
y Hac ca ycmaroBeHu 3,2% cybkaurudeH u 0,9% Kau-
HU4HO u3aBeH xunomupeougu3zbm, kamo 61,7% om
max ca 6uau HoBoguazHocmuuupanu (3). MNMpe3 2012
2. ce npoBexxga HoBo enugemuoAro2udHO npoyuBaHe
cpeg 2032 Auua u ce ycmaHoBaBam owge no-Bucoku
yecmomu Ha xunomupeougu3ma (4). CybkauHuueH
xunomupeougu3bm e buar ycmarnoBeH npu 4,5 % om
>keHume u 2% om mb>Xeme, a KAUHUYHO u3aBeH - Cb-
omBemto npu 3,2% u 1,1%.

INpobaembm GogeH gedpuuum e 6ua 06aBeH 3a
peweH npe3 2005 2., 6aazogapeHue Ha BbBegeHo-
mo npe3 1994 2. yHuBepcaaHo GogupaHe Ha coama ¢
KJO3 (5). HauuoHaaHo npegcmaBumeaHo npoyuBane,
BratouBawo 3939 yueHuuu Ha Bv3pacm 7-11 2oguHu
(paBeH Gpol Momuvema u MoMyema) om ocem eHge-
MuuHu u gBe HeeHgemuuHu obaacmu, ycmaHoBaBa
mMeguaHa Ha Oogypuama om 198 pg/lL, kamo camo
6,9% om npobume ca 6uau nog 100 pg/L (6). CoBcem
ckopowHo cpe3oB0o, mHozoueHmpoBo npoyuBaHe
cpeg 0bwomo HaceaeHue e BKAIUYUAO 547 BpemeHHU
»keHu (cpegHa Bb3pacm 30 £ 5 2.) om 10 peauoHa Ha

Bbacapua u omuuma cpegHo HuBo Ha Gogypuama om
181, 6 £ 94,0 pg/L, c meguaHa om 170 ug/L (95% Cl:
161-177) (7).

AedeHuemo Ha Xunomupeougu3ma e pazaaegaHo
B8 mHoxecmBo cbuBpemenHu [lNpenopbku u Memo-
guuecku ykazaHus, BkatouumeaHo u 8 bvazapckomo
ykazaHue 3a gobpa KAUHUYHA npakmuka om 2019 a.
(1, 8-11). 3amecmumeAHOMO AeueHue Ha Xunomupeo-
uguzma ce 6azupa OCHOBHO Ha NpuAo>KeHUEMO Ha
AeBomupoKcuH u ca ¢pukcupaHu u uereBume cmod-
Hocmu Ha TCX (11, 12). Bvnpeku Bcuvuku ycuaua 3a
cmaHgapmu3zauus u onpocmsaBanHe Ha moBa AeueHue,
peguua Bbnpocu npogbaxkaBam ga cb3zgaBam noae
3a guckycua.

Om egHa cmpaHa mpygHocm cb3gaBam pazaud-
HUMe NpaKkmMuku Ha Aekapume 8 omgeaHume cmpatu,
Kakmo u pa3aukume 8 noBegeHuemo Ha obwonpak-
mukyBawume Aekapu u cneyuaaucmume eHgoKpuHo-
A0o3u (2, 13-15). Y Hac mHOo3uHcmBomo nauueHmu C
Xxunomupeougu3zbm ce aekyBa om eHgokpuHoao3u B
cheyuaAu3zupaHu npakmuku. INoumu Bcuuku makuBa
nauueHmu noa3zBam Bb3mokHocmume Ha obuwecm-
BerHomo 3gpaBeonazBaHe. Bce no-HapacmBawama
ynompeba Ha AeBomupokcuH (LT,) ce gbAXU goHAKb-
ge u Ha noHwkaBaHe Ha npaza, npuAazaH 3a 3anouBa-
HEemo My Oom Aekapume Kamo He omyumame npeno-
pbkume 3a bpemeHHu >xeHu (16).

Om gpyea cmpaHa, 8 nocaegHomo gecemuae-
mue HapacmBa pa3zovapoBaHuemo Ha nayueHmume
om pe3yamamume Ha AedeHuemo ¢ AeBomupoKCcuH,
HezaBucumo om gobpume GUOXUMUYHU pe3yamamu
(17, 18). CkopowHo GpumaHcko oHAalH-npoyuBaHe
omkpuBa Bucoka yecmoma Ha pa3zodapoBaHue om
AYEHUEMO NpU hauueHmMu C Xunomupeougu3ibm -
77,6%; a obwama ougeHka 3a kadecmBomo Ha >kuBom
e bura gocma Hucka (19). 3acayxkaBa ga ce ombe-
Aexu, ye ygoBaemBopeHuemo Ha nayueHmume om
AedeHuemo He e umaro Bpb3ka ¢ Buga Ha npuArazaHu-
me wumoBugHu xopmoHu (19). MogobHu eHomeHu
HamarnBam npugbp)kaHemo Kbm AeveHuemo (20), a
moBa om cBoa cmpaHa Bogu go Hy>kga om npoyuBa-
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Hua Bbpxy npuaokeHuemo Ha wumoBugHu XOpMOHU
npu Xuno- u eymupeougHu nauueHmu (21, 22).

Ha mpemo macmo, 6 peguua eBponelcku cmpa-
HU npe3 nocAegHume 20guHU HaBaa3oxa pa3zAudHu
papmaueBmuuHu opmu Ha AeBomupokcuH (2eHe-
pUYHU UAU DpaHgupaHu, nog (hopmama Ha mabaemku,
Kancyau ¢ 2ea uau 2omoB pagmBop). NocmaBa ce Bb-
npocbm 3a 6uoekBuBareHmHOoCcMMa Ha pazaudHUME
opmu (23, 24), kakmo u 3a npeBbv3ixogcmBomo Ha
Kancyaume uau meuHus pazm6Bop Ha aeBomupokcuH
6 onpegeAaeHu KAUHUYHU cumyauuu (25-28). Ckopow-
HO npoyuBaHe pazeaexkga Bvbnpoca 3a Bb3moxkHUME
noAzu om me3u HoBu papmaueBmuyHu opmu u
cmuea go u3zBoga, Yye HayuHUME gaHHU, NogKpenawu
npegumcmBomo Ha meyHuMe UAU KanCyAHU ¢popmu
Ha LT, 8 cpaBrenue cbc cmaHgapmHama mabaem-
Ha cpopma, ca mBbpge crabu (29). HezaBucumo om
npuemume NpPenopbKU U ykKa3aHua 3a AeyeHue Ha
Xxunomupeougu3ma, npogbakaba ga ce komeHmupa
NPUAOXKEHUEMO Ha MPuUlOgMUPOHUH UAU gopu Ha
cyx uzBaek om wumoBugHa xae3a (30, 31). Y Hac 3a
ynompeba ca Haauue camo 2 mabaemHu opmu Ha
LT, om gBama pa3auunu npou3zBogumenu.

V3caegBatemo Ha npegnoudumaHuama Ha Aeka-
pume e BaxxHo, 3awomo mo Bauae Ha pazxogume 3a
3gpaBeonaszBare u onuma Ha nauueHmume. L1360-
pbmM Ha AedeHue om Aekapsa ce Bause MHO20 CUAHO
om npogbAkaBawama cumnmomamuka u Xxapakme-
pucmuka Ha nauueHma, He3zaBucumo om Guoxumuu-
HUMeE gaHHU 3a KOHMPOA Ha xunomupeougu3ma (32).
Ao MomeHma He ca buau 3agbAboueHo uzcaegBaHu
npegnovyumanuama Ha Aekapume npu uznucBare Ha
pa3auyHume copmu Ha LT, 6 koHmekcma Ha nep-
cucmupawu CUMNMOMU Ha nauueHma. bu 6uro mHo-
20 BaxkHO ga ce 3Hae gaAu uma pazauku B onuma u
npakmukume 6 paszauuHume eBponelcku cmpatu.
INMuaomuo npoyuBaHe ¢ aHkemeH memog Ha Vimaau-
aHckomo gpyxkecmBo Ha KAUHUYHUME EHJOKPUHO-
A0O3U (22) gage maacbk 3a opz2aHu3upaHe Ha MeX-
gyHapogeH npoekm 6 peguua eBponelcku cmpaHu
c obwo 28 cmpaHu-yyacmHuyku, HapeyeHo THESIS
(Treatment of Hypothyroidism in Europe by Specialists:
an International Survey) u nogkpeneHo om IBSA Institut
Biochimique SA, 8 koemo nokaHa 3a y4acmue noAy4u
u bvazapcko gpyxecmBo no eHgokpuHoAo2us.

Lleama Ha Hacmoawomo aHkemHo npoy4yBare ga
u3zcaegBa npuao>keHuemMo om cmpaxa Ha Gbazapckume
Aekapu Ha wumoBugHU XOPMOHU NPU XUNO- U eymupe-
OUgHU NauueHmMu ¢ okyc Bbpxy apmauyebmuuHume
cpopmu Ha AeBomupokcuH (LT,).

Mamepuaau u memogu

OnucaHue Ha npuAazaHama aHkema

Hacmoawomo npoyuBane npegcmabBanBa 6oa-
2apckomo ydvacmue B cnomeHamus mexXgyHapogeH
npoekm THESIS. Kacae ce 3a ankemHo npoyuBaHe

¢ gobpoBoAaHO yuacmue Ha Aekapu, KOUMO guazHo-
cmuyupam u AekyBam xunomupeougu3ibm. 3a uea-
ma Gewe npeBegeH u pegakmupaH Ha 6bA2apcku
e3uK yHuguyupaHuam BvnpocHuk om npoyuBaHemo
THESIS. BbnpocHukbm cbgbpyka 2 yacmu. [NvpBa-
ma nepcoHaAHa vacm cbgbpxka 8 Bbnpoca, Koumo
ueAam ga ugeHmucpuyupam npoguAa Ha aHkemupa-
Hume Aekapu (noa, Bb3pacm, cneyuaaHocm, mpygoB
cmax, uaeHcmBo 6 npogecuoHaaHu gpyxkecmBa,
mun MeguUUHCKa npakmuka, 06opom Ha nauyueHmu
Cc mupeougHu 3aboaaBaHus). Bmopama cbuwuHcKa
yacm cbgbpyka 0bwo 24 Bbnpoca, KOUMO U3ACHA-
Bam npakmukume u npegnoYumaHuama npu AeveHue
Ha xunomupeougu3ima y Hac. Yacm om Bvnpocume
no3zBoaaBam u3z60p Ha noBeue om eguH BepeH om-
2080p, a Hakou gaBam Bb3moxxHOCM U 3a omzoBop
6 cBobogHa popma. M3acHaBam ce nokazaHuama 3a
uznucBaHe Ha MupeougHU XOPMOHU NPU eymupeo-
UgHU NauyueHmu, Kakmo u npegnovyumaHuam mupeo-
ugeH xopmoH (LT, - aeBomupokcun, LT, - mpuliog-
MUpPOHUH), uzcyweH u3zBaek om wumobBugHa »xAe3a
(thyreoidea siccata) uau couemarue om LT, + LT,. Nog-
pobHo ce uzcaegBam BuxkgaHuama 3a pazaukume 6
NPUAOXKEHUEMO Ha MabaemKume, Mekume Kancyau c
2eA uau meuHua pazmBop: BapuabuaHocm 6 abcopb-
UuAMa, NPU HENOHOCUMOCM KbM XpaHu UAU CMOoMauw-
Ho-upeBHu 3a60Aa8aHug, npu HeBb3MOoXKHOCM 3a Npuem
Ha 2AagHO UAU NPU HEOBACHUMO AOW XOPMOHAAEH KOH-
mpoa. M3caegBa ce npemunaBaHemo om egHa popma
KbM gpy2a, KakKmo u yecmomama Ha npocaegaBaHe Ha
TCX. Egun Bbnpoc ce gokycupa Bbpxy uznucBaremo
Ha xpaHumeaHu gobaBku, Hanpumep U0OQg UAU CeAeH, a
gpyz - Bbpxy cbuemaHomo AeveHue. Yemupu Bbnpoca
pazeAexkgam cAyvaume Ha nauueHmu ¢ gobbp Xopmo-
HaAeH KOHMPOA, HO € NpogbAkaBawa cumnmomamuka,
kamo 6 gBa om max aHkemupaHuam nogpexkxga omao-
Bopume cnopeg maxHama BapHocm (BeposmHocm).
[Mem Bbnpoca Kacaam HaAUYUEMO Ha XUNoMuUpPeougu-
3bM Yy camume aHKemupaHu Aekapu, kakmo u Buga aeve-
HUE, KOemo npuemam u epekmume om Hez0.

YyacmHauyu

Cmo gBagecem u wecm Aekapu baxa nokaHeHu
3a yyacmue no meAepoHa Ha CAYYaeH NpuHuuUn -
ocHoBHO om npakmukyBawume 440 yaeHa Ha boba-
2apckomo gpyxkecmBo no eHgokpuHorozua. Caeg
NOAYYEeHO cbaaacue no e-mail um 6e uznpameH Bo-
npocHukbm. LLlecm aekapu (4,76%) He BbpHaxa no-
nbAHeH BbnNpocHUK u omnagHaxa. Taka, obwo 120
Aekapu (95,2%) BbpHaxa nonbaHeH BbnpocHuUK u
yuacmBaxa 6 ankemHomo npoyuBanre. MbpBuam Bo-
NPOCHUK 6e u3npameH NO eAeKMpOHHama nowa Ha
7 I0AU, @ nOoCAegHUAM nonbAHeH Oe noayuyeH Ha 30
toau 2020 2. He ca uznpawarHu HanomHaHua. [To mo3u
HauyuH cbOupaHemo Ha gaHHU omHe 24 gHU U omeo-
Bopume ce BbBegoxa B mabauua EXCEL. Mpeaaregbm
om ekcnepm cmamucmuk u ugducmBaHemo Ha
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gaHHUMe omHe owe egHa cegmuua. INpoyuBaHemo
npukAtovu Ha 6 aBaycm 2020 2. u npogbAXU 06WO
30 gHu.

Cmamucmu4ecka obpabomka

Ta ce uzBbpwu om ekcnepm NO MeguyuHCKa CMa-
mucmuka ¢ u3znoa3BaHe Ha npoepamama IBM SPSS
19.0 for Windows. M36bpwer 6e geckpunmuBeH u
yecmomeH aHaAu3 Ha paznpegeaeHuemo Ha omzoBo-
pume. INpu Bbnpocume ¢ noBeue om equH Bb3mosKeH
omzoBop obwuam cbop HagxBbpaawe 100%.

Pesyamamu

YyacmBawu rekapu

B aHkemama peaaHo yuacmBaxa 120 aekapu - 88
>keHu (77,3%) u 32 muixke (26,7%), koumo npegagoxa-
u3uAA0 NonbAHeH BbnpocHuk. BbzpacmoBomo pas-

npegeAeHue Ha ydyacmuHuuyume e nokazaHo Ha Duay-
pal (Que.1).

INpeobaagaBaxa >xeHume, KAKMo U Aekapume Ha
Bb3pacm Hag 50 20guHU U ¢ Hag 20-20guwHa Npak-
muka no cneuuaaHocmma. TpygoBuam cmax Ha
ydacmuuuume e nokazaH Ha Queypa 2 (Que. 2).

OcmaHaAaume npogecuoHaAHU Xapakmepucmuku
Ha yuyacmHuuyume ca nokazaHu 8 Tabauua 1. 44% om
yyacmHuuume umaxa 2 cneuuarHocmu - BbmpewHu
6oAecmu NAIOC eHgOKPUHOAO2UA U DoAaecmu Ha obma-
Hama, Kamo eHgoKpuHoAo3ume Gaxa obwo 74,0% (89
om 120 gywu, om KOUMO mpuma - gemcku eHgoKpu-
HOAO3U). YyacmHuuume-eHgoKpuHoAO3U cbecmaBaaBaxa
20,2% om npakmukyBawume ureHoBe Ha BAE (Taba. 1).

Tabauua 1 noka3Ba, ve e Haauue paBHomepHo
pa3znpegeaeHue Ha ysacmuuuume B pazauuHu BugoBe
MegUUUHCKU Npakmuku. MHo3uHcmBomo ca umaau
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Tabauya 1. Xapakmepucmuku B3M0xHU omzoBopu Bpoii (%)
MpodgecuoHaaHu xapakme-
PUCMUKU Ha ydacmHuuume CneuuaaHocm EHgokpuHoaozua 86 (71,66)
(cneuuaanocmu, Bug megu- BvmpewHu 6orecmu 68 (56,66%)
UUHCKa Npakmuka, 060pom Ha Aemcka eHgokpuHoAozua 3(2,5%)
mupeougHu nayuermu). Obwa meguuuHa 17 (14,66%)
AT 1(0,83%)
Apyau 13 (10,83%)
Macmo Ha npakmukama | YHuBepcumemcka 6oAHuua | 29 (24,16%)
Ob6wuHcka 6oAHUUA 41 (34,16%)
YacmHa KAUuHUKa 35 (29,16%)
OrA 1(17,5%)
V3caegoBamencku ueHmuvp | 2 (1,66%)
AedeHue Ha mupeougHu ExxegHeBHO 73 (60,84%)
nauueHmu ExxecegmuuHo 31 (25,83%)
[No-pagko 16 (13,33%)
bpol Ha AekyBaHume 10-50/ 2o0guHa 27 (22,5%)
mupeougHu nayueHmu 51-100/ 2oguHa 23 (19,17%)
>100/ 20guHa 65 (54,17%)
[No-maAko 5(4,16%)

Tabauya 2.

MNpegnoyumanua omHocHo u3zbopa Ha Bug wumobBugen xopmoH - LT, (xeBomupokcu), LT, (mputogmupoHuh),
uzcywen u3zbaex om wumoBugHa >kae3a (thyreoidea siccata) uau couemanue om LT, u LT,. (O6wuam cbop om
npouyeHmume moxxe ga HagxBvpau 100, 3awomo yacm om omeoBopuiume ca NOCOYUAU NO HAKOAKO omezoBopa).

Bwnpoc

Bb3moxxkHu omzo6Bopu

bpoi omzoBopuau (%)

Koe mpab66a ga 6bge u3bop | LT, (levothyroxine)

Ha nbpBa AuHuAa?

LT, (triiodothyronine)
MN3cywen u3Brek Couemanue om LT, + LT,

115 (95,84%)
1(0,83%)
1(0,83%) + 3 (2,5%)

Kou cpegcmBa uznucBame LT, (levothyroxine)

6 npakmukama?
M3cywer uzBaex

LT, (triiodothyronine)

Couemanue om LT, + LT3

120 (100%)
12 (10%)

7 (5,83%)

602am onum B AeuyeHuemo Ha 3aboaaBaHusama Ha
wumoBugHama »xae3a. YaencmBo 6 EBponelckama
mupeougHa acoyuauusa ca nocouvuau 11 yyacmHuka
(9,17%), a B8 bbaeapckomo gpyskecmBo no eHgokpu-
HoAoz2us - 88 (73,3%).
TMpegnoyumaHu npakmMuKu npu AedeHue Ha
Xunomupeougu3zma

M360p Ha Bug wumoBugeH xopmoH

[MpegnouumaHuama omHocHo u3zbopa Ha Bug
wumoBugeH xopmoH - LT, (xeBomupokcun), LT, (mpu-
dogmupoHuH), u3cyweH u3Baek om wumoBugHa
xne3a (thyreoidea siccata) uau cbyemanue om LT, u
LT, - ca nokazanu 8 Tabauya 2.

Kakmo ce Buxxga om Tabauya 2, noymu Bcudku

omeoBopuau npuemam u uznucBam aeBomupokcuH
kamo cpegcmBo Ha nvpBu u360p 3a 3amecmumerHo
AedyeHue npu xunomupeouguzsvm. Yacm om omeoBo-
puaume, obade cmamam, 4e uma mMacmo u 3a uznucBa-
He Ha MpuUuOgMUPOHUH UAU KombuHayua om LT u LT,
M32nexga, ye uzcyweHuasm u3zBaek He ce npuaaza u3-
o6wo B Hacmoawama KAuHUYHa Npakmuka (Taba. 2).

AeyeHue ¢ mupeougHu XOpMOHU Ha eymupeougHu

nauyeHmu
[TokazaHuama 3a AeyeHue C mMUpPeougHU XOPMO-

HU Npu eymupeougHu hauyueHmu ca obobweHu cno-
peg omzoBopume Ha aHkemupaHume 6 Tabauya 3.
Hakou om max ca nocoyuau noBeue om 1 BepeH om-
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Tabauya 3. ''0Kxa3aHua 3a AeveHue C MUPEOUgHU XOPMOHU NPpU eymupeougHuU NauueHmu cnopeg

0m2060pume Ha aHKemupaHume

MokazaHua OmezoBopuau, 6pou (%)

HeobacHuma ymopa 1(9,2%)
3amabcmaBaHe, HeomeoBapawo Ha cmuaa Ha kuBom 19 (15,8%)

M3pazeHa xunepxoarecmepoaemus - kamo gonvaBaw,o AeveHue 17 (14,2%)
Pe3ucmenmHa Ha aHmugenpecaHmu genpecus

ViHdhepmuaumem npu xeHu ¢ Bucoku mumpu Ha mMupeougHU aHmumeaa 21 (17,5%)
HapacmBawa 666 Bpememo obukHoBeHa 2ywa 66 (55,0%)

He, Hama nokazaHua 3a AeveHue Ha makuBa nauueHmu 40 (33,3%)

TabAuya 4, "pegnodumanun Ha 6bAZapcKUMe AeKapu OMHOCHO NPUAOXKEHUEMO Ha AeBomUPOKCUH Kamo
mabAemka, Meka Kancyaa c 2eA UAU medeH pazmBop.
(Hakou ca nocovuau noBeqye om 1 BepeH omeoBop - Bbnpocbm e ombeaazaH ¢ *).

N360p Ha hopma Ha AeBomupokcuH Bb3mMo>kHU u3zbopu OmezoBopuau,
Npu pa3AUYHU KAUHUYHU cumyauyuu 6pou (%)

1. Mauuenm, koumo cbobwaba 3a Tabaemku 76 (63,3%)

HENOHOCUMOCM KbM Pa3AUYHU XpaHu, Meku Kancyau c zea 0 (16,7%)

gonyckawa HaAu4vue Ha ueAuakus, TeueH pazmBop 27 (22,5%)

manabcopbuus, HenoHOCUMOCM KbM He ce ouakBam pazauku 6 (13,3%)

Aakmo3a uAu dyecmo u3noa3BaHu kopuzeHcu * | npu pazaudHume popmu

2. Mauuenm, npuemauw, 2eHepudeH T, ¢ Tabaemku 59 (49,2%)

HEeobACHUMO AOW XOPMOHAAEH KOHMPOA Meku kancyau c 2ea 20 (16,7%)

Ha xunomupeougu3ma * TeueH pazmBop 18 (15,0%)
He ce ouakBam pazauku 35(29,2%)
Nnpu pazaudHume opmu

3. MNayueHm C AOW XOPMOHaAEeH KOHMPOA Tabremku 0 (41,7%)

KoUmo He moxke ga npuema LT, Ha 2ragHO u Meku kancyau c 2ea 1(17,5%)

OMQgeAHO OM HanumKu u XpaHa TeueH pazmBop (1 5,8%)

(nopagu Bucoka 3aemocm) He ce ouakBam pazauku 5(29,2%)
npu pazaudHuUme opmu

4. Mauuenm, npuemaw, T, c onmumaneH Tabremku Ha gpye 60 (50%)

XOPMOHAAEH KOHMPOA, HO € NpogbakaBawu npouszBogumen

cumnmomu Meku Kancyau c z2ea 8 (6,7%)
TeueH pazmBop 9 (7,5%)
He ce ouyakBam pa3zauku npu 43 (35,8%)
pazAuvyHUMe hopmu

2060p, maka 4e C60pbm om npoueHmume Ha mecma MO Ha /\e60mUpOKCUH Kamo ma6/\em|<a, MeKa Kancy-

HagxBbpaa 100% (Taba. 3).

AQ C 2eA UAU MeyeH pazmBop.

[NpegnoyumaHa hapmaueBmuyHa popma Ha AeBomu- AHkemupaHume nogpexxgam Bb3moxxkHume pap-

POKCUH mauebmuunu popmu Ha LT, ¢ Hal-marka Bapuabun-
B Tabauya 4 ca npegcmaBeHu npegnoyumanus- Hocm Ha abcopbuuama, kakmo caegBa: mabaemku

ma Ha 6bA2apckume Aekapu OMHOCHO NPUAOXKEHUe- (n=68; 56,6%), kancyau c 2eA (n=14; 11,7%), meueH
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Tabauua 5. Bb3mo>KHU noka3aHua 3a cbuemaHo AedeHue ¢ LT, + LT..
Hakou om aHkemupaHume ca uzbparu noBeve om 1 omeoBop.

Bb3mM0XXHU noka3aHua OmezoBopuau, 6poi (%)
3a kpamko Bpeme, npu nauueHMU CAeg NpompaxupaH Xunomupeougu3bm 41 (34,2%)
INpu nauueHmu ¢ HopmaaHo TCX, HO nepcucmupawu onAakBaHua kamo npu 29 (24,2%)
Xunomupeougu3bm
INpu nauueHmu ¢ HopmaaHo TCX, Ho ¢ HeobacHUMO HaggaBaHe Ha meAecHO 8 (6,7%)
meaAo
Mopagu Huckomo kayecmBo Ha gokazameacmBama, makoBa AreueHue He 48 (40%)
6uBa ga ce npuaaza

Taﬁ/\uua 6. BneuamaeHua Ha dHKemupaHume OMHOCHO nepcucmupawiama XunomupeougHa cumnmomamu-

Ka Ha poHa Ha HopmaaHo TCX.

BneuamaeHue Bb3moxxHu omzo6Bopu bpoti omzoBopuau (%)
Yecmoma Ha nogobHuU cayyau <5% 50 (41,7%)
6-10% 41 (34,2%)
11-30% 8 (6,6%)
Hag 30% 3 (2,50/0)
He cbm cuaypeH 18 (15,0%)
TeHgeHuua 8 yecmomama Ha Cpewam Bce noBeue 32 (26,6%)
nogobHU cAyyvau Cpewam Bce no-marko 17 (14,2%)
Hama npomaHa 42 (35,0%)
He cbm cuaypeH 29 (24,2%)

pazmBop (n=11; 9,2%). 27 yuacmHuka (22,5%) He ou-
akBam Haaudue Ha cbwecmBeHa pazauka mexkgy om-
geaHume cpopmu (Taba. 4).
Konmpoaupane Ha TCX

IMpu 3anouBaHe Ha 3amecmumMeAHO AedeHue C
LT, 6 Aekapu (5%) 6uxa npokoHmpoauparu TCX caeg
2 cegmuuy, 76 omzoBopuau (63,3%) - caeg 4-6 ceg-
muuy, 38 (31,7%) - caeg 8 cegmuuu. [Npu npomaHa Ha
papmaueBmuurama copma uau npenapam Ha LT, 63
om omeoBopuaume (52,5%) koHmpoaupam HuBomo
Ha TCX caeg 4-6 cegmuuy, 35 (29,2%) - caeg 8 cegmu-
uu, 10 (8,3%) - cnopeg KAUHUYHamMa npeugeHka, a 12
gywu (10,0%) He 20 kKOHMpoAupam Bbobwie.
XpaHumeaHu gobaBku (Gog, ceaen

OmHocHO xpaHumeaHume gobabku (ceaeH uAu
Gog) HAKOU OM aHKkemupaHume ca noco4uau noBe-
ye om eguH omzoBop. MHo3zuHcmBomo om omzo-
Bopuaume (63 gywu - 52,5%) He Guxa 2u noa3Baau
Hukoea, Ho 18 gywu (15,0%) 6uxa 2u noa3Baau npu
cbnbmemBaw, aBmoumyHeH mupeougum, 36 gywu
(30,0%) - npu nouckBaHe om cmpaHa Ha nayueHma

kKamo gonbAaBawo AedeHue u 7 gywu (5,8%) - npu
CYOKAUHUYEH XUNOMUPEOUGU3bM.
CovyemaHo AeveHue ¢ LT4 + LT3

OmezoBopume OmHOCHO noka3zaHuama 3a ma-
KoBa cbuemaHo AeveHue ca 060b6weHu B Tabauya 5
(Taba. 5).

[Nepcucmupawia cumnmomamuka u kayecmBomo Ha

>xuBom Ha nauueHmume

BneuamaeHuama Ha aHkemupaHume OMHOCHO
nepcucmupauwjama xunomupeougHa cumnmomamuka
Ha poHa Ha HopmaaHo TCX ca o60b6weHu B Tabauua
6 (Taba. 6).

OcHoBHume npuyuHu 3a npogbakaBawume
CUMNMOMU Ha (poHa Ha eymupeougu3ibm Haxa nogpe-
geHu om aHkemupaHume 6 HamaaaBaw, peg Ha maxHa-
ma 3HayuMOoCm (NPUHOC): NCUXO-COUUAAHU (hakmopu,
cbnbecmBawume 3ab6oaaBaHun, HecnocobHOCMmMa Ha
AreBomupokcuHa ga Bb3cmaroBu HopmaaHama pu3zuo-
AO2UA, CUHgPOM Ha XpOHUYHama ymopa U Hepeaauc-
muyuHume ouakBaHua Ha nauueHma (Taba. 7).

bauzo 50% om Aekapume He cyumam, 4e ymopama
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ce gbAKU Ha HecnocobHocmma Ha reBomupokcuHa ga
Bv3cmaHoBu HopmasHama puzuoAoeus, a Hag NOAOBU-
Hama uzmbkBam poAsma Ha mexxecmma om XpOHUYEeH
npuem Ha rekapcmBa. MomoaeHu ga nogpegam Bb3modk-
Hume obacHeHua 3a nepcucmMupawume CUMNMOMU Ha
nauueHmMume ¢ nocmuz2Hamo HopmaaHo TCX Ha choHa Ha
AeveHue ¢ AeBomupokcuH, aHkemupaHume nNpegaokuxa
nogpegbama, nocoueHa 6 Tabauua 8 (Taba. 8).

[MoBegeHue npu Haauvyue HA XUNOMUPEOUQU3bM
y_camua aHkemupaH Aekap

Cpeg aHkemupaHume 16 gywu (13,3%) ca cb-
obwuAu, ye camume me umam nocmaBeHa guazHo3a
XUNOMUpPEeougu3bm, Harazaw, AedeHue C mMupeougHu
xopmoHu. Om max 7 gywu (43,8%) ycewam npekomep-
Ha ymopsemocm/caabocm, gBama (12,5%) ca onumBa-
Au KoMOuHupaHa mepanua c LT, u LT, u gBama (12,5%)
gaBam noaoxkumeaeH omeoBop omHOCHO onum 3a
camoAeveHue ¢ uzcyweH ekcmpakm. Om Aekapume
6e3 xunomupeouguibm 15% 3aaBaBam, ye Guxa onu-
maAu KOMOUHUPaHO AeYeHUe UAU AeUeHue C U3CYweH
ekcmpakm.

OmeoBopu B cBobogeH mekcm OMHOCHO Ae-

yeHuemo C KOM6UHU[2aHU opmu_UAU U3CYWEH eKcC-

mpakm om wumoBugHa xae3a
B omezoBopume nog popma Ha cBobogeH mekcm

Hal-yecmo cpewaHume mBbpgeHua ca, ye Bce nak
AeBomupokcuHbm e ymBbpgeHama gpopma 3a mepa-
nuAa Ha XUNOMUpPEeougu3ma, Ye oNUMbM C KOMBUHUpa-
HU (POPMU € MaAbK (U Nnopagu Auncama Ha Cbyemasu
opmu uau camocmoameneH LT, 6 anmeuHama mpe-
»Ka Yy Hac) U ye AeyeHUemo € U3CyweHua ekcmpakm e
gemogupaHo u He e gobpe cmaHgapmu3upaHo.
MuamuBapuabuaer aHaauz Ha omezoBopume 6
3aBucumocm om Bb3pacmma, noAa, cheuuaaHocmma

u Buga npakmuka Ha aHkemupaHume
To3u aHaAu3 He noka3a 3HauYumMu pazauku 8 omeoBo-

pume Ha aHkemupaHuUme nopagu maAkua dpou yyacmHu-
uu 8 omgeaHume nogepynu u 20aemusa 6pol Bb3MOXKHU
omezoBopu no Bceku Bobnpoc. Bee nak, bewe Bb3mMoXKHO
ga ce OMKpoOAM HAKOU mMeHgeHuuu. Bv3pacmma u npo-
gbAKUMEAHUAM CMaXX Ha aHkemupaHume noBausBa
maxHomo Bv3npuamue Ha Bb3MOXKHUME NpUYUHU 3a
nepcucmupawu cumnmomu npu aekyBanu ¢ aeBomu-
POKCUH nayueHmMu, Koumo ca goCmu2HaAu HOPMaAHO
TCX (Bonpocu B16, 617). Bugbm macHa cneyuarHocm
Bause Ha BuxkgaHuama 3a npuAokeHue Ha wumoBugHu
XOPMOHU Npu eymupeougHu hauyueHmu, Ha u3zbopa
Ha nbpBo cpegcmBo 3a 3amecmumeAHO AedeHue Ha
Xunomupeougu3ma, Kakmo U Ha NPUAOXKEHUEmMo Ha
XpaHumeAHu gobaBku kamo Gog u cereH (Bbnpocu
B1, B2, B12).

ObcvkgaHe

Hacmoswomo npoyuBaHe e nbpBo no poga cu
cpeg BbA2apcKume Aekapu U NO-CNeUUaAHoO cpeg eH-
gOKPUHOAO3U. Pe3yamamume om aHkemama nokas-
Bam, ye AeBomupokcuHbm e ocHoBHUAM mMeguka-

MEHM, NPUAA2aH 3a A@YEeHUE Ha XUNnomupeougu3ma.
HezaBucumo om auncama um 6 Hawama cmpaHa,
cbyemaHume (YOPMU Ha MUpPeougHUME XOPMOHU U
uszcyweHuam ekcmpakm Hamupam Bce nak macmo 6
npakmukama Ha Hakou Aekapu. Kamo npuvuHa ce u3-
nbkBam ocHoBHO HAKOu npugpy>xaBawu xunomupeo-
uguzma 3aboanBaHua, kakmo u npogbaxkaBawama
cumnmomamuka Ha (poHa Ha ONMUMAAHO AedeHue C
AeBomupokcuH. Koeamo camume aHkemupaHu umam
Xunomupeougu3bm, noumu //,cnogeasm 3a crabocm/
ymopaemocm, a '/, cbobwaBam 3a onumu Bvpxy cebe
CU C KOMBUHUPAHO AeYeHUe UAU U3CYWeH eKkcmpakm,
Taka npoyuBanemo nokazBa pazaukama mexxgy pbko-
BogcmBama 3a gobpa KAUHUYHA NpPaKmuKa u peasHus
KuBom.

Mo npuxyun, noumu Bcuuku pvkoBogecmBa om-
xBbpaam Bb3mMOXKHOCMMaA 3a CbuyemaHo AedeHue
LT,+LT, uau c uzbaex om wumoBugHa >xae3a. B cuc-
memeH aHaAau3z om 2015 2. ca pa3eaegaHu 6 npeno-
pbvku om CeBepHa Amepuka, 3 om KOxHa Amepuka u
4 - om EBpona (12). Bcuuku me nocmaBam aeBomu-
pokcuHa kamo eguHcmBeHa npenopbvuBaHa aamep-
HamuBa. B npenopbkume Ha ETA ce komeHmupa u
Bb3MOKHOCMMa 3a CbYemaHo AeveHue, HO NO-CKOPO
Kamo ekcnepumeHm UAU nocaegeH u3zbop npu nauu-
eHmu, HenoBauaBawu ce 6 gocmambyuHa cmeneH om
AeveHuemo ¢ AeBomupokcut (9, 12).

B HabalogameaHo npoyuBaHe ce cpaBHaBam 469
AekyBaHu ¢ aeBomupokcuH nauueHmu ¢ 9512 3gpabu
KOHMpPOAU u ce ycmaHoBaBa, ue 3amecmumeAaHOmMo
AedeHue ¢ AeBomupoKCUH HaucmMuHa ce acoyuupa
15% no-Bucoku HuBa Ha c6obogen T, u 15% no-Hu-
cku Ha cBobogen T,, He3aBucumo om onmumasHOMO
TCX (33). ToBa e egHa om Bb3moxkHUME NpUYUHA 3a
HapacmBawomo pa3zouapoBaHue Ha nauyueHmume
om AevyeHuemo Ha xunomupeougu3ma (17). Om gpy-
2a cmpaHa, Auncama Ha cbuwecmBeHa noAoXKUMeAHa
npomara 6 kauecmBomo Ha xxuBom u cBbp3zaHama ¢
wumoBugHama »aAe3a cumnmomamuka npu npoBex-
gaHo AedeHue Ha cybKAUHUYEH XUNOMUPEOoUgu3bm C
AeBomupokcuH (18) e egHa om npuduHUMeE U 3a He-
gocmambyHO NpUgbpIKaHe Ha NauueHmMume Kbm me-
panuama (20). 3amoBa nepcucmupa u uHmepecbLm
KbM gpyau Bb3moxkHOoCmu 3a mepanus.

HoBume ykazaHua Ha GpumaHckua uHcmumym
NICE, Hanpumep, He npenopbuyBam pymuHHama yno-
mpeba Ha AuomupoHuH (LT,), Ho u He a u3kAloyBam
(30). OmgeAHu nogaHaAu3u ca noka3aAu npegnouu-
MaHua Ha nayueHmMume KbmM AUOMUPOHUH, NO-20A8-
MO HamaAreHue Ha meaecHomo mezao, Bepoamto u 68
3aBucumocm om 2eHemuuHama npegucno3uuusa (30).
Apyzama AuHua Ha npoyuBaHua uzcaegBa npunoske-
Huemo Ha AeBOMUPOKCUH KamoO MeKa KancyAa UAU
meuHa popma (25-28). B onpegeaeHu nogepynu na-
uueHmu (geua, ¢ npugpyxaBawa axaropxugpus, npu-
eMm Ha MHoxxecmBo megukameHmMu, napeHmepasHo
XpaHeHe UAu caeg BapuampuyHa xupypaua) HoBume
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fabauya 7. ©OcrobHu npuuuHu 3a npogbakaBauume cumnmomu Ha (hoHa Ha eymupeougu3bm (HOPMAAHO
TCX, nogpegeHu chopeg aHkemupaHume no pega Ha HamaaaBawama um 3Hauumocm).

Bwunpoc / KamezopuuHo He com Heympanaen CovanaceH com | KamezopuuHo
Omezo6op He CbM Cb2AaCeH | Cb2AaceH CbM Cb2AACEeH
Hecnocobnocm Ha LT, ga 21 (17,5%) 47 (39,2%) 29 (24,2%) 18 (15,0%) 5 (4,1%)
Bv3cmanHoBu
HOpMaAHama ou3uoAo2uA
[NcuxocouyuaaHu hakmopu 3(2,5%) 11 (9,2%) 8 (6,7%) 81 (67,5%) 17 (14,1%)
ConbmemBawu 1(0,8%) 5 (4,2%) 12 (10,0%) 91 (75,8%) 11 (9,2%)
3aboaaBarusa
CuHgpom Ha XpoHUYHa 1(0,8%) 7 (5,8%) 20 (16,7%) 86 (71,7%) 6 (5,0%)
ymopa
HepeaaucmuuHu 3 (2,5%) 14 (11,7%) | 31(25,8%) | 68 (56,7%) 4 (3,3%)
oyvakBaHua om nauueHma
MNogaexkawo Bb3nareHue 3 (2,5%) 21 (17,5%) 38 (31,7%) 52 (43,3%) 6 (5,0%)
BcaegecmBue aBmoumy-
HUA Npouec
Te>xecmma Ha XpoHUYHUME 0 2 (1,7%) 16 (13,3%) 93 (77,5%) 9 (7,5%)
3aboanaBaHun
Te>xxecmma Ha HY>kgama 3(2,5%) 15(12,5%) | 53 (44,2%) 45 (37,5%) 4 (3,3%)
om npuem Ha AekapcmBa

dopmu u ocobeHo meuHama nokazBam obewaBawu
npegumcmBa (25, 26). Tezu dgopmu umam u3zBecm-
HO noAoXumeAHo BauaHue Bbpxy kauecmBomo Ha
»kuBom u onaakBaHusma Ha nayueHmume C nepcuc-
mupawa cumnmomamuka Ha ¢poHa Ha obuuvalHOMoO
AeyeHue ¢ mabaemku LT, (27,28). OmgeAHu npoyy-
BaHua gokazBam nogobpeH koHmpoa Ha TCX (34) u
NO-20AAMO NPUgbPXKAHE Ha NauueHmume Kbm mepa-
nuama ¢ HoBume dpapmaueBmuuHu opmu Ha AeBo-
MUpOKCuH (35).

Bcuuku me3u o6cmoameacmBa ca npuvuHa u 3a
gocma pasauku 6 noBegeHuemo Ha camume Aekapu
npu uznucBaHe Ha AeueHue ¢ aAeBomupokcuH. bpoam
Ha aHkemupaHume 6 Hawemo npoyuBaxe 6e cpabHu-
MeAHO o2paHuueH u He no3BoaaBawe cpaBHeHue Ha
noBegHuemo Ha cneyuaaucmume eHgoKPUHOAO3U C
moBa Ha npegcmaBumeaume Ha gpyau cneyuasHo-
cmu. AokazaHu ca 2oremu Bapuauuu 8 noBegeHuemo
Ha obwnpakmukyBawume Aekapu 8 pazaudHume eB-
ponelcku cmpaxu (13). Xapakmepucmukume Ha na-
uueHmume Bauaam cbwo 3HavuMo Bbpxy uzbopa Ha
mepanua om cmpaxa Ha aekapsa (32).

Pesyamamume om Hawemo npoyuBaHe 6Guxa
MO2AU ga ce pa3aaexxgam 6 cBemauHama Ha nybAUKY-
BaHume gaHHu om gBe 20Aemu umaauaHcku npoyyBa-
Hua. MepBomo om max oueHaBa npugbp>kaHEMOKbM
memoguuyHume ykazaHua 3a aedeHue ¢ aeBomupo-

KCUH (22). BkatoueHu ca 6uau Hag 1000 nauyueHmu,
kamo cna3zBaHe Ha amepukaHckume (Ha AACE/ATA) u
eBponelckume mupeougHu ykazaHua (ETA) e peauc-
mpupaHo 8 77,1% u 71,7% om nauueHmume, a ako
ce uzkaouu Bbnpocbm 3a go3zupoBkama Ha aeBomu-
pokcuHa - 6 86,7% u 88,6% om cayyaume (22). Bmo-
pomo npoyuBaHe uzcaregBa noBegeHuemo Ha eHgo-
KPUHOAO3UME NpU eymupeougHU U XUunomupeougHu
nauueHmMu u no-cneyuaaHo - uzhucBanemo u uzbopa
Ha hapmaueBmuyuHa popma Ha mupeougHume Xop-
moHu (21). B Hezo ca yuacmBaau 39,3% om Bcuuku
UMaAUAHCKU eHJOKPUHOAO3U U 98,7% ca nocoyuau
LT, kamo nbpBu u360p 3a AeyeHue Ha xunomupeo-
ugu3bm. 43,2% obaue Huxa npegroXKUAU KOMOUHUpa-
HO AeyeHue (LT, + LT,) Ha nauuenmu ¢ HopmaaHo TCX,
HO C nepcucmupawa cumnmomamuka. [Mpu egHoBpe-
MeHeH npuem Ha mMHoxxecmBo megukamermu 81,8%
OM eHgOKPUHOAO3UME Ca NOCOYUAU mevHama op-
Ma, MmA e npegnovyumaHa u Npu Aow BUOXUMUYEH KOH-
MPOA Ha Xunomupeougu3ma UAU AOW KOMNAAUBHC
KbM AeveHuemo (21).

M Had-cemHe, mpabBa ga ce uma npegbug, ue
pasAuYHUME AEKapu NpuAaz2am pasAudHuU cmpameauu
3a omkpuBaHe u cregeHe Ha xunomupeougu3ma (16),
kamo npocaegaBanemo Ha TCX cbwo ce ocbwecmBa-
Ba Ha pa3auuHu nepuogu om Bpeme (36, 37). Cmama
ce, ye uznoazBaHemo Ha pazauyHu om mabaemHume
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TabAuya 8. ''ogpexgare Ha HaU-BepoamHume npuyuHU 3a nepcucmupawume CUMNMOMU, HAaNPUMEP YmMopa,
Ha nayueHmume ¢ hocmuzHamo HopmaaHo TCX (omeoBop 1 ykazBa Had-eorama BepoamHocm).

[MpuyunHu cnopeg Mogpegba no pega Ha HamaraBawama 3Hayumocm, 6pot (%)
Aekapume*
1 2 3 4 5 6 7 8
Te>xxecmma Ha HY»kgama 9 12 12 7 17 24 34
om npuem Ha AekapcmBa (7,6%) 10,1%) (3,4%) (10,1%) (5,9%) (14,3%) (20,2%) | (28,6%)
HepeaaucmuuHu ovakBarus 10 9 17 16 19 21 9
(8,4%) (7,6%) (151%) | (143%) | (134%) | (16,0%) | (17,6%) | (7,6%)
Hecnocobrocm Ha LT, ga 17 9 6 7 10 7 16 47
Bb3cmanoBu HopmaaHama (14,3%) (7,6%) (5,0%) (5,9%) (8,4%) (5,9%) (13,4%) | (39,5%)
pu3zuoroa2un
[NcuxocouuaaHu ghakmopu 12 19 21 22 10 4 12
(101%) | (160%) | (160%) | (17,6%) | (185%) | (8,4%) (3,4%) | (10,1%)
Mogaexaw,o Bb3naseHue 14 13 27 18 19 11 7
BcaegecmBue aBmoumynHua | (11,8%) (10,9%) (8,4%) (22,7%) (15,1%) (16,0%) (9,2%) (5,9%)
npougec
ConbmcmBawu 3aboasBaHun 17 42 12 15 7 10 3
(14,3%) | (35,3%) (10,9%) | (10,1%) | (12,6%) | (59%) (8,4%) | (2,5%)
CUHgPOM Ha XpOHUYHa ymopa 13 24 23 13 8 15 4
(10,9%) (20,2%) | (16,0%) (193%) | (10,9%) | (6,7%) (12,6%) | (3,4%)
Te>xxecmma Ha XpoHUYHUME 23 29 22 9 20 8 5 3
3a6oanBaHun (19,3%) (24,4%) (18,5%) (7,6%) (16,8%) (6,7%) (4,2%) (2,5%)

* 119 BaaugHu omeaoBopa

dopmu Ha AeBomupokcuH Gu cnomoz2HaAo 3a onmu-
MaAHO peweHue Ha me3u npobaemu (38,39).

BaxkeH ppazmeHm om Hawemo npoyuBare e u
yacmma, Koamo kacae noBegeHuemo Ha Aekapume C
Xunomupeougu3zbm NO omHoweHue Ha cobcmBero-
mo um AeveHue. OmuoBo ce Burkga, ue He3zaBucumo
om YkazaHuama 3a gobpa KauHuuHa npakmuka 8 co-
obpaxeHue Bauzam u KOMBUHUpaHU hopmu U gopu
cyx ekcmpakm. Mo>ke ga ce gonycHe, 4e egHa om Oc-
HoBHUMe npuvuHuU e uznumBaHama ymopa /caabocm
(npu okoao noroBuHama), koamo obauve BcobwHOCM
egBa Au ce gbaxku Ha wumoBugHama >aes3a.

3akaloyeHue

Hacmoawemo npoyuBane e nbpBomo no poga
cu y Hac. To noka3Ba, ye ykazaHuama 3a gobpa KAU-
HUYHA Npakmuka U peaaHama meguyuHcka gedHocm
ce pa3auvyaBam B Hemaaka cmeneH. HezaBucumo om
gobpume pe3yamamu npu AedeHuemo ¢ reBomupo-
KcuH, 8 MHO20 OM nayueHmMumMe nepcucmupam He-
cneuuduuHu onaakBaHua u HeonmumaaHo kauecmBo

Ha >xuBom. ToBa cmaBa npuduHa 3a npuao>keHue om
cmpaHa Ha Aekapume Ha HecmaHgapmuu AedeOHu
Memogu Kamo KomBuHupaHa mepanua uau makaBa ¢
uzcyweH uzBaek. BuBexxgaHemo Ha dpopmu Ha AeBo-
MUPOKCUH NOg pOpMama Ha MeKU KanCyau C 2eA UAU
meueH pazmBop Guxa MO2AU ga CnOMO2Ham 3a pazpe-
waBaHe Ha HAaKOU om nepcucmupawume npobaemu 6
3amMecmumeAHOMO AeYEHUE NPU XUNOMUPEOUgU3bM.

baazogapHocmu

ABmopume 6uxa xeAaau ga baazogapam cwp-
geyHo Ha korezume, koumo 63exa npucspye Hacmo-
awomo aHkemHo npoy46ane u omzoBopuxa uzyep-
nameAHo Ha Bcudku Bvnpocu, kakmo u Ha goy. M.
Byko68 3a cmamucmuyeckama o6pabomka Ha pe3ya-
mamume.
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Aim: to describe the use of thyroid hormones in hypothyroid and euthyroid patients by Bulgarian physicians
with a focus on the formulations of levothyroxine (LT,).

Materials and Methods: This is a cross-sectional, questionnaire-based survey. 120 physicians participated (88
females /32 males); 62,4% aged over 50 years. 74% were specialists in endocrinology, the remaining - general prac-
titioners, internal medicine specialists, and a few others. The original questionnaire from the THESIS survey was used
in Bulgarian. Its first part contained 8 questions exploring the physicians’ characteristics (sex, age, specialty, years in
medical practice, and others). The second part contained 24 questions revealing the preferences in the treatment of
hypothyroidism. The statistical analysis was performed on the IBM SPSS 19.0 for Windows statistical package.

Results: One third (33,3%) of the participating physicians would not recommend LT, to euthyroid patients.
96% of the respondents accepted and 100% prescribed LT, as first line replacement therapy in hypothyroidism.
Very few respondents (10%) found a place for prescribing triiodothyronine (LT,) or a combination of LT, + LT, (6%).
The LT, tablets were the preferred formulation by more than half of the respondents, however one fifth would pre-
scribe soft-gel capsules also, and one sixth - the liquid solution. 52,5% of the physicians would not administer iodine
or selenium; 34,2% would recommend LT, + LT, for shorter periods in prolonged hypothyroidism; and 24,2% - in
case of persisting hypothyroid symptoms despite a normal TSH. The persistent symptoms despite optimal hormonal
control were attributed to comorbidities, psychosocial factors, the chronic fatigue syndrome and the unrealistic
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patients’ expectations. 16 respondents (13,3%) admitted to have hypothyroidism and 43,8% of them reported ex-
cessive tiredness/fatigue. 25% of them would try LT, + LT,, or desiccated thyroid extract (25%).

Conclusion: LT4 is the primary thyroid hormone used in our country. The LT +LT, treatment and desiccated
thyroid might still find use in the practice of some physicians. This study highlighted the difference between the

treatment guidelines and consensuses, and real life.

Key words: hypothyroidism, levothyroxine, clinical practice, questionnaire

Introduction

Hypothyroidism is one of the most common en-
docrine dysfunctions. Worldwide 2% to 6% of women
are expected to develop hypothyroidism lifelong, with
two thirds having subclinical hypothyroidism and a high
number remaining undiagnosed (1). A database re-
view in the United States of people aged 65 and older
showed an increase in the prevalence of hypothyroid-
ism from 5,62% in 2007 to 8,24% in 2015 (2). How-
ever 28,0% were not receiving hormonal replacement
and 17,4% had their thyroid-stimulating hormone (TSH)
outside the recommended range (2). A study involv-
ing 2402 randomly selected Bulgarian subjects (1347
females and 1055 males) in 2006 found 3,2% subclinical
and 0,9% overt hypothyroidism, with 61,7% newly diag-
nosed cases (3). A subsequent Bulgarian epidemiologi-
cal study including 2032 subjects in 2012 registered an
even higher prevalence (4). Subclinical hypothyroidism
was confirmed in 4,5% of the females and 2,0% of the
males, respectively overt one - in 3,2% and 1,1% (4).

The case of iodine deficiency in Bulgaria was
closed in 2005; the iodination of salt with KJO3 having
been introduced since 1994 (5). A national represen-
tative survey including 3939 schoolchildren aged 7-11
years (equal numbers of girls and boys) from eight pre-
viously endemic and two non-endemic areas found a
median iodine excretion of 198 ug/L, with only 6,9%
of the samples being below 100 pg/L (6). A very recent
cross-sectional, multicenter population-based study in-
cluded 547 pregnant women (mean age 30%5 years)
from 10 regions of Bulgaria and reported a mean level
of urinary iodine of 181,6£94,0 ug/L, with a median of
170 pg/L (95% CI: 161-177) (7).

The treatment of hypothyroidism is extensively re-
viewed in a variety of Guidelines and Practice Recom-
mendations including the 2019 Bulgarian Recommen-
dations for Good Clinical Practice in Thyroid Diseases
(1,8-11). The replacement treatment in hypothyroidism
is based on Levothyroxine and the optimal TSH levels
are well known (11,12). Despite all efforts to simplify
and standardize that treatment, a number of questions
remain topic of hot discussions.

One difficulty lies in the common practice of the
medical specialists across the different countries, as well
as those of the General Practitioners and specialists in

Endocrinology (2,13-15). In our country the majority
of hypothyroid patients are still managed in secondary
care mainly by endocrinologists. Almost all Bulgarian
thyroid patients are using public healthcare services.
The increasing use of Levothyroxine (LT4) might be also
partly due to lower treatment initiation thresholds used
by the physicians even if pregnant and breastfeeding
women are excluded from analysis (16).

On the other hand, the patient satisfaction with
the levothyroxine treatment results is in constant drop
despite good hormonal control (17,18). A recent British
online survey of individuals with self-reported hypothy-
roidism found a high percentage of dissatisfaction with
treatment - 77,6%; and overall QOL scores were low.
It is of note that the patient satisfaction did not signifi-
cantly correlate with the type of thyroid hormone treat-
ment (19). A similar phenomenon could deteriorate the
patients’ compliance (20), which in turn makes it cru-
cial to study the administration of thyroid hormones to
hypo- and euthyroid patients (21,22).

Thirdly, different formulations of levothyroxine
(generic, branded, tablets, soft-gel capsules or liquid
solution) have been recently available in the European
countries. The bioequivalence of those different formu-
lations is being questioned (23,24), as well as the ad-
vantages of capsules or liquid preparations in specific
clinical scenarios (25-28). A very recent study investi-
gated possible benefits of those new formulations and
came to the conclusion that the evidence in favor of
using L-T, soft and L-T, liquid in clinical practice over
LT, tablets was still rather weak (29). In spite of the pub-
lished Recommendations and Guidelines for the treat-
ment of hypothyroidism, the administration of triiodo-
thyronine (LT,) or desiccated thyroid extracts seems still
being under consideration (30,31). The only available
thyroid hormone formulations in Bulgaria are LT, tab-
lets (manufactured by 2 international companies).

The selection of proper treatment modalities is
highly influenced by the persisting symptoms and by
some specific patients’ characteristics, despite bio-
chemical control of hypothyroidism (32). Till now the
physicians’ preferences in prescribing different levothy-
roxine formulations in the context of persisting patient’s
symptoms have not been extensively studied. An Italian
questionnaire-based pilot study (22) preceded the start
of a joint European project including 28 participating
countries under the name of THESIS (Treatment of Hy-
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pothyroidism in Europe by Specialists: an Internation-
al Survey), supported by IBSA Institut Biochimique SA.
The Bulgarian Society of Endocrinology was among the
invited participants.

The objective of this study was to explore the use
of thyroid hormones in hypothyroid and euthyroid pa-
tients by Bulgarian physicians with a special focus on
the different levothyroxine formulations (LT,).

Materials and methods

The questionnaire

This study reflected the Bulgarian participation in
the aforementioned THESIS project. It is based on a
questionnaire filled on a voluntary basis by physicians
involved in the diagnosis and treatment of hypothy-
roidism. The THESIS questionnaire was translated and
adapted in Bulgarian by a bilingual clinician. It consist-
ed of two parts. The first one included 8 questions iden-
tifying the main characteristics of the respondents (sex,
age, specialty, years in practice, memberships, type of
medical practice and thyroid patients’ turnover). The
second specific part consisted of 24 questions covering
the practices and preferences in the treatment of hy-
pothyroidism in our country. Several questions allowed
multiple choices, others a free text comment. Informa-
tion was gathered on the indications for prescribing thy-
roid hormones to euthyroid patients, as well as on the
preferred thyroid hormonal replacement (LT, - levothy-
roxine, LT, - triiodothyronine), desiccated thyroid or
combination treatment LT, + LT,. The perceptions for
differences between tablets, soft-gel capsules and lig-
uid solutions were clarified: variability in absorption, in
case of self-reported intolerance to various foods or the
possibility of gastro-intestinal diseases, inability of tak-
ing LT, fasted or unexplained poor biochemical control
of hypothyroidism. The transition to other formulations
was addressed, as well as the TSH-recheck schedule.
One question focused on the administration of dietary
supplements (e.g. iodine or selenium), another one -
on the combination treatment. Four questions explored
the scenario with good hormonal control though per-
sisting symptoms; in two of the questions the answers
had to be arranged by the respondent themselves ac-
cording to the probability for correctness. Five ques-
tions explored the presence of hypothyroidism in the
respondents, the type of treatment they were taking as
well as the undesired effects.

Participants in the questionnaire

One-hundred twenty-six physicians were invited
by phone or e-mail on a random basis, mainly among
the 440 practicing members of the Bulgarian Society
of Endocrinology. Those who agreed to participate re-
ceived the questionnaire per e-mail. Six of the invited
(4.76%) did not return the questionnaire and dropped
out. Therefore, a total of 120 physicians (95,2%) filled

in the questionnaire and participated in the survey. The
first questionnaire was sent by e-mail on July 7th, and the
last filled out received on July 30th, 2020. No reminders
were sent. Thus the data collection took 24 days and
the answers were inserted in an EXCEL data sheet. The
review by an expert statistician and the data clarifications
took another week. The survey was closed on Aug 6th
2020 and had an overall duration of 30 days.

Statistical analysis

The statistical analysis was performed by an expert
statistician on the IBM SPSS 19.0 for Windows statis-
tical package. It included descriptive and frequency
analysis. Several questions allowed for more than one
answer, therefore the sum of all answers (in percentag-
es) exceeded 100%.

Results

Participants

One hundred twenty medical specialists (respon-
dents) returned a completely filled questionnaire - 88
females (73,3%) and 32 males (26,7%). The age distri-
bution of the respondents is shown in Fig. 7.

Women predominated, as well as physicians aged
50 and older and those with more than 20 years in
medical practice. The years in medical practice of the
respondents are shown in Fig. 2.

The remaining professional characteristics of the
respondents are displayed in Table 1.

Forty four percent of the respondents had two
specialties - internal medicine and endocrinology /
metabolic diseases or other; thus the endocrinologists
comprised 74,0% (89 of 120, with three of them be-
ing pediatric endocrinologists). The participating endo-
crinologists thus represented 20,2% of the practicing
members of the Bulgarian Society for Endocrinology.

Table 1 shows also that the physicians were evenly
distributed according to the type of their medical prac-
tice. The majority of the participants had a rich clinical
experience in the treatment of thyroid diseases. Eleven
participants (9,17%) were members of the European
Thyroid Association, 88 (73,33%) - of the Bulgarian So-
ciety of Endocrinology.

Common practice in the treatment of hypothy-
roidism

Type of thyroid hormone

The preferences regarding the type of thyroid hor-
mone used - LT, (levothyroxine), LT, (triiodothyronine),
desiccated thyroid (thyreoidea siccata) or combination
of LT, + LT,, are shown in Table 2.

As shown in Table 2, most of the respondents ac-
cepted and prescribed levothyroxine as first line hor-
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monal replacement in hypothyroidism. Some of them,
however, found a place for the use of triiodothyronine
or a combination of LT, + LT,. The desiccated thyroid
has not been selected by anyone as a viable option.

Administration of thyroid hormones to euthyroid
patients

The indications for for thyroid hormone treatment
in euthyroid patients are summarized in Table 3 accord-
ing to the reposndents’answers. Several of them select-
ed two or even more answers, therefore the sum of
percentages excceded 100%.

Preferences for the different formulations of
Levothyroxine

Table 4 summarizes the preferences of the Bulgar-
ian physicians concerning the administration of levothy

roxine as a tablet, soft-gel capsule or liquid solution.

The respondents expected the least variability of
absorption of the different levothyroxine formulations
as follows: tablets (n=68; 56,6%), soft-gel capsules
(n=14; 11,7%), liquid solution (n=11; 9,2%). 27 respon-
dents (22,5%) did not expect significant differences.

TSH check up

After the start of LT, replacement therapy 6 re-
spondents (5%) would recheck TSH in two weeks, 76
(63,3%) - in 4-6 weeks, 38 (31,7%) - in 8 weeks. In case
of a switch to a different formulation or change from
one manufacturer’s LT, tablet to another 63 physicians
(52,5%) would check TSH in 4-6 weeks, 35 (29,2%) -
in 8 weeks, 10 (8,3%) - according to clinical judgment,
with 12 physicians (10,0%) doing no recheck.
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Table 1.

Professional characteristics of the

respondents (specialties, type
of practice, turnover of thyroid
patients)

Main characteristics

Possible answers

Number (%)

Specialisation

Endocrinology

Internal medicine
Paediatric Endocrinology
General Medicine

Gynecology
Other

86 (71,66)
68 (56,66%)
3 (2,5%)

17 (14,66%)
1(0,83%)
13 (10,83%

Place of employment

University centre

Regional hospital

Private clinic

29 (24,16%
41 (34,16%
35 (29,16%

= 2 | =

General Practice 1(17,5%)
Basic researcher 2 (1,66%)
Treats thyroid patients Daily 73 (60,84%)
Weekly 31 (25,83%)
Rarely 16 (13,33%)
Number of patients with 10-50/ year 27 (22,5%)
hypothyroidism treated 51-100/ year 23 (19,17%)
>100/ year 65 (54,17%)
Rarely 5 (4,16%)

Table 2. The preferences regarding the type of thyroid hormone used - LT, (levothyroxine), LT, (triiodothy-
ronine), desiccated thyroid (thyreoidea siccata) or combination of LT, + LT,, are shown. The sum of
percentages may exceed 100, as several respondents selected more than one possible answer.

Question Possible answers Number (%)

Which one should be
first choice?

LT, (levothyroxine)

LT, (triiodothyronine)
Desiccated extract
Combination LT, + LT,

Which one is prescribed
in practice?

LT, (levothyroxine)
LT, (triiodothyronine)

120 (100%)
12 (10%)

Desiccated extract

Combination LT, + LT,

7 (5,83%)

Dietary supplements (iodine, selenium)

Concerning the use of dietary supplements (se-
lenium or iodide) a few respondents selected more
than one answer. The majority of the respondents -
63 (52,5%) - would never use those supplements, but
18 physicians (15,0%) would administer them in auto-
immune thyroiditis, 36 physicians (30,0%) - at the pa-
tient’s request or as a complementary treatment and 7
physicians (5,8%) - in subclinical hypothyroidism.

Combination treatment L T4 + [ T3

The possible indications for combined T +T, treat-
ment are listed in Table 5.

Persisting symptoms and patients’ quality of life

The respondents’ perceptions about persistence of

hypothyroid symptoms despite normal serum TSH are
listed in Table 6.

The main reasons for persistent symptoms in most
patients treated with levothyroxine who achieve nor-
mal serum TSH were listed in decreasing order of im-
portance: psychosocial factors, the comorbidities, the
inability of levothyroxine to restore normal physiology,
chronic fatigue syndrome and the patient’ unrealistic
expectations (see Table 7).

Around 50% of the physicians did not think that
the patient’s fatigue might be attributed to the inabili-
ty of levothyroxine to restore normal physiology; even
more pointed out the burden of having to take chronic
medications. When asked to rank the possible explana-
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Table 3.

the respondents

The indications for thyroid hormone treatment in euthyroid patients are displayed as perceived by

Indications

Responses, n (%)

Unexplained fatigue
Obesity resistant to life-style interventions

Severe hypercholesterolemia, as a complementary treatment

Depression resistant to anti-depressant medications
Female infertility with high level of thyroid antibodies
Simple goiter growing over time

No, treatment is never indicated for these patients

1(9,2%)
19 (15,8%)
17 (14,2%)

1(17,5%)
66 (55,0%)
40 (33,3%)

Table 4.

The preferences of the Bulgarian physicians in the administration of levothyroxine as a tablet, soft-gel

capsule or liquid solution are listed in different clinical scenarios. (A few respondents had selected
more than one possible answer the question is then marked with an *)

Choice of levothyroxine formulation in
different clinical scenarios

Possible choices Responses, n (%)

1. A patient who self-reports intolerance
to various foods raising the possibility
of celiac disease, malabsorption,
lactose intolerance, or intolerance
to common excipients *

Tablets 76 (63,3%)
Soft-gel capsules 0 (16,7%)
Liquid solution 27 (22,5%)
No major changes with 6 (13,3%)

the different formulations

2. A patient established on generic T,
who has unexplained poor
biochemical control of hypothyroidism™

Tablets

Soft-gel capsules

Liquid solution

No major changes with
the different formulations

59 (49,2%)
20 (16,7%)
18 (15,0%)
35 (29,2%)

3. A patient with poor biochemical
control who is unable (due to busy lifestyle)
to take LT, fasted and separate
from food / drink

Tablets

Soft-gel capsules

Liquid solution

No major changes with
the different formulations

50 (41,7%)
21 (17,5%)

9 (15,8%)
35 (29,2%)

4. A patient established on T, who has
good biochemical control of hypothyroidism
but continues to have symptoms

Tablets from another 0 (50%)
manufacturer

Soft-gel capsules 8 (6,7%)
Liquid solution 9 (7,5%)
No major changes with 3 (35,8%)

the different formulations

tion for persisting symptoms in patients achieving normal

TSH under levothyroxine treatment using their own experi-

ence the physicians listed the most likely causes (Table 8).
Common practice in case of hypothyroidism in the

physicians themselves

Sixteen of the participants (13,3%) reported to
have diagnosed hypothyroidism, requiring thyroid
hormone replacement. Seven of them (43,8%) experi-
enced excessive tiredness/fatigue, 2 (12,5%) had tried

combined LT,+LT, treatment and 2 (12,5%) had tried
desiccated thyroid extract. Among those respon-
dentswithout diagnosed hypothyroidism 15% indicat-
ed that they would administer combination treatment
or desiccated extract to themselves.

Free comments regarding the combination treat-

ment (LT4+LT3) or the desiccated extract
The most common comment was that levothyrox-
ine is the best validated treatment option in hypothy-
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Table 5.

Possible indications for combined T, +T, treatment. A few respondents selected more than 1 answer.

Possible indications

Responses, n (%)

For a short period, in patients recovering from protracted hypothyroidism

41 (34,2%)

suggestive of hypothyroidism

In patients with normal serum TSH who still complain of symptoms

29 (24,2%)

should never be used

In hypothyroid patients with normal serum TSH who complain of 8 (6,7%)
unexplained weight gain
Due to the low quality of available evidence, combined therapy 48 (40%)

Table 6. The respondents’ perceptions about persistence of hypothyroid symptoms despite normal serum TSH
Perceptions Responses Number (%)
Frequency of symptoms <5% 50 (41,7%)
6-10% 41 (34,2%)
11-30% 8 (6,6%)
More than30% 3 (2,5%)

Not sure

18 (15,0%)

Trends in this kind of cases

No change
Not sure

| am seeing more such cases
| am seeing fewer such cases

32 (26,6%)
17 (14,2%)
42 (35,0%)
29 (24,2%)

roidism; that the experience with combined thyroid
hormones was quite limited (also due to their unavail-
ability on the Bulgarian market), and that treatment
with desiccated extracts was quite out-of-date and not
well standardized.

Multivariable analysis of answers based on the re-
spondents’ age, sex, type of medical specialty and type
of practice

This type of analysis did not produce any signifi-
cant differences in the physicians’ answers due to the
rather small numbers of participants in the different
subgroups and the many coding variables in each cate-
gory. However several tendencies were detectable.

The age and the years in practice of the respon-
dents influenced their perceptions of the possible
causes andetiology of persistent symptoms in patients
treated with levothyroxine who achieve normal TSH
(questions B16 and B17). The medical specialization
affected the perceived indications for thyroid hormone
treatment in biochemically euthyroid patients, the first
choice for replacement treatment in hypothyroid pa-
tients, as well as the use of dietary supplements such as
selenium and iodine (questions B1, B2, B12).

Discussion

The current study was the first of its kind among
Bulgarian physicians and especially among endocrinol-
ogists. The results of the survey showed that levothyrox-
ine is the main drug used to treat hypothyroidism. De-
spite their unavailability in our country, the combined
forms of thyroid hormones and the dried extract could
still find a place in the practice of some specialists. The
main reasons for their use were perceived to be con-
comitant diseases, as well as the persisting symptoms
despite optimal treatment with levothyroxine. Among
respondents with personal history of hypothyroidism,
almost one half reported weakness / fatigue, and '/,- at-
tempts to treat themselves with combination treat ment
or dried extract. Thus, the present survey showed the
difference between guidelines for good clinical practice
and real life.

In general, almost all guidelines rule out the com-
bined treatment with LT, + LT, or with thyroid extract.
In a comprehensive review from 2015, 6 recommenda-
tions from North America, 3 from South America and
4 from Europe were analyzed (12). They all had put
levothyroxine as the only recommended option. The
ETA recommendations commented on the possibility
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Table'7." The main reasons for persistent symptoms in patients treated with levothyroxine who achieve
euthyroidism were listed in decreasing order of importance
Etiology / Strongly Disagree Neutral Agree Strongly
Answer disagree agree
Inability of LT, to restore 21 (17,5%) 47 (39,2%) 29 (24,2%) | 18 (15,0%) 5 (4,1%)
normal physiology
Psychosocial factors 3(2,5%) 11 (9,2%) 8 (6,7%) 81 (67,5%) 17 (14,1%)
Comorbidities 1(0,8%) 5 (4,2%) 12(10,0%) | 91 (75,8%) 11 (9,2%)
Chronic fatigue 1(0,8%) 7 (5,8%) 20 (16,7%) 86 (71,7%) 6 (5,0%)
syndrome
Unrealistic patient’s 3 (2,5%) 14 (11,7%) 31 (25,8%) 68 (56,7%) 4 (3,3%)
expectations
Underlying inflammation 3 (2,5%) 21 (17,5%) 38 (31,7%) 52 (43,3%) 6 (5,0%)
due to autoimmunity
Burden of chronic disease 0 2 (1,7%) 16 (13,3%) 93 (77,5%) 9 (7,5%)
Burden of having to 3(2,5%) 15 (12,5%) | 53 (44,2%) 45 (37,5%) 4 (3,3%)
take medication

of combination therapy also, but rather as short-term
trial or last option in patients who do not respond suffi-
ciently to levothyroxine treatment (9,12).

An observational study compared 469 levothy-
roxine-treated patients with 9,512 healthy controls
and found that levothyroxine replacement therapy was
indeed associated with 15% higher free T, levels and
15% lower free T, levels, regardless of optimal TSH
(33). This tendency might be one of the possible rea-
sons for the growing frustration of patients with the
treatment of hypothyroidism (17). On the other hand,
the lack of a significant positive change in quality of
life and thyroid-related symptoms during treatment of
subclinical hypothyroidism with levothyroxine (18) is
one of the reasons for the insufficient adherence of
patientsto therapy (20). Therefore, the interest in other
treatment options would still persist.

New guidelines from the British Institute of Clinical
Excellence (NICE), for example, do not recommend the
routine use of liothyronine (LT,), nor do they rule it out
(30). A few sub-analyses have shown patients' prefer-
ence for liothyronine, as well as greater weight loss, pos-
sibly due to genetic predisposition (30). The other line of
studies examined the use of levothyroxine as a soft cap-
sule or liquid formulation (25-28). In certain subgroups
of patients (children with concomitant achlorhydria, mul-
tiple medications, parenteral nutrition, or after bariatric
surgery), the new formulations, and especially the liquid
solution, showed promising benefits (25,26). These for-
mulations have some positive effect on the quality of life
and complaints of patients with persistent symptoms

during conventional treatment with LT, tablets (27,28).
A few studies have shown im-proved TSH control (34)
and greater patient adherence to therapy with the new
pharmaceutical formulations of levothyroxine (35).

All these facts are the reason for many differences
in the behavior of physicians when prescribing treat-
ment with levothyroxine to them. The number of re-
spondents in our survey was relatively limited and did
not allow comparison of the practice of endocrinolo-
gists with that of other specialties. Large variations in
the behavior of general practitioners in different Euro-
pean countries have been already demonstrated (13).
The patient characteristics may also significantly influ-
ence the physician’s choice of therapy (32).

Our results could be viewed in the light of pub-
lished data from two large Italian studies. The first eval-
uated adherence to levothyroxine treatment guidelines
(22). More than 1000 patients were included, and good
compliance with the American (AACE /ATA) and Euro-
pean thyroid guidelines (ETA) was registered in 77,1%
and 71,7% of patients, and if the issue of optimal levothy-
roxine dosage excluded - in 86,7% and 88,6% of cases
(22). The second study examined the practice of endo-
crinologists in euthyroid and hypothyroid patients, and
in particular the selection and prescription of different
thyroid hormone formulations (21). It involved 39,3%
of all Italian endocrinologists and 98,7% of the partici-
pants indicated LT, as the first choice for the treatment of
hypothyroidism. However, 43,2% would suggest com-
bination therapy (LT, + LT,) to patients with normal TSH
butpersistent symptoms. In case of concomitant use of mul-
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Table'8." Ranked likely causes for persistent symptoms like fatigue in patients with normal TSH
(1 is most likely).
Physician-perceived Ranking in order in order of importance, number (%)
causes”
1 2 4 5 6 7 8
The burden of having 9 12 12 7 17 24 34
to take medication (7,6%) 10,1%) (3,4%) (10,1%) | (5,9%) (14,3%) (20,2%) | (28,6%)
Patient unrealistic 10 9 17 16 19 21 9
expectations (8,4%) (7,6%) (151%) | (143%) | (13,4%) | (16,0%) | (17,6%) | (7,6%)
Inability of levothyroxine to 17 9 7 10 7 16 47
restore normal physiology (14,3%) (7,6%) (5,0%) (5,9%) (8,4%) (5,9%) (13,4%) | (39,5%)
Psychosocial factors 12 19 21 22 10 4 12
(101%) | (160%) | (160%) | (17,6%) | (185%) | (8,4%) (3,4%) | (10,1%)
Presence of underlying 14 13 27 18 19 11 7
inflammation due (11,8%) | (109%) | (84%) | (227%) | (151%) | (160%) | (9,2%) | (59%)
to autoimmunity
Comorbidities 17 42 12 15 7 10 3
(14,3%) | (35,3%) (10,9%) | (10,1%) | (12,6%) | (5,9%) (8,4%) | (2,5%)
Chronic fatigue syndrome 13 24 23 13 8 15 4
(10,9%) | (202%) | (16,0%) | (193%) | (10,9%) | (6,7%) (12,6%) | (3,4%)
The burden of chronic 23 29 9 20 8 5 3
disease (193%) | (244%) | (185%) | (7,6%) | (16,8%) | (6,7%) 42%) | (2,5%)
* 119 valid answers available
tiple drugs, 81,8% of the endocrinologists would select Conclusion

the liquid solution; which was also preferred in poor bio-
chemical control of hypothyroidism or poor compliance
with the treatment (21).

Finally, it should be born in mind that different phy-
sicians apply different strategies to detect and monitor
hypothyroidism (16), and TSH monitoring is also per-
formed at different time intervals (36,37). The use of
different formulations of levothyroxine is expected to
optimally address these problems (38,39).

An important part of our study concerns the be-
havior of physicians with hypothyroidism in relation to
their own treatment. Again, notwithstanding the Guide-
lines for Good Clinical Practice, combined hormone
preparations and even the desiccated extract could
come into consideration. It seems that one of the main
reasons is the experienced fatigue / weakness (in about
half of the affected), which, however, could hardly be
attributed to the thyroid gland.

This study is the first of its kind in Bulgaria. It
showed that guidelines for good clinical practice and
actual medical practice on fact differ considerably.
Despite the good efficacy of levothyroxine treatment,
many patients have persisting nonspecific complaints
and suboptimal quality of life. This urges the physicians
to use non-standard treatment methods such as com-
bination therapy or desiccated thyroid extract. The
administration of levothyroxine in the form of soft-gel
capsules or liquid solution could help in solving some
of the persistent problems in the replacement therapy
for hypothyroidism.
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Mpod. boan Ao3aHoB Gewe uzmbkHaM €HYJOKPUHOAOZ, goalieH Ha GbA2apckama mupeougoAo2us,
gbA2o2oguweH pbkoBogumea Ha Kamegpama no EHgokpuHoAoz2usa u Ha KauHukama no TupeougHu u
memaboAumHu KocmHu 3a6oaaBanua 6 YHuBepcumemckama 6oAHuya no EHgokpuHoaozua ,Akag. MBan
MenueB”.

MoBeue om noroBunama om Hag 60-2oguwHuA cu MpygoB nbm Kamo Aekap u eHgOKPUHOAOZ2 Npod.
Ao3aHo6 omga6a Ha YHuBepcumemckama 60AHuya no EHgokpuHoAo2ua — om opguHamop go npodgecop, mot
ce mpygu BceomgaiiHo 3a pazBumuemo Ha cneyuaaAHocmma u Haykama eHgokpuHoaoz2ua. C nocaroBuuHama
cu opzaHuzupaHocm u nocregoBameanocm, mot ce nocbewaBa Ha paz6umuemo Ha mupeougorozuama 6
omgeAHo HanpaBaeHue u opopmaHemo Ha KAuHuka no mupeougHu u memaboAumHu KocmHu 3a6oAaaBaHus.
C He2o6ua AuyeH npuHoc Gewe cb3gageH KauHuuHuam Llenmsp no EHgokpuHoAaoz2ua u lTepoHmonozua
(KLLET), yuiimo pwkoBogumea e om 1993-2000 2., BnocaegcmBue npepacHar 6 Kamegpa no EHgokpuHoAoz2usa
koM MeguuuHcku YHuBepcumem Codpua.

Mpodp. Ao3aHoB e u 2raBen pegakmop u cbaBmop Ha PbkoBogcmBo no eHgokpuHoAro2ua, omneyamato 6
HaBeuepuemo Ha 21 Bek u CAY>XKUAO KAMO HACMOAHA KHU2a HA NOKOAEHUA eHgoKpuHoAo3u. lMpe3 10-2oguwiHua
CU MaHgam Kamo HayueH cekpemap Ha bbazapckomo gpyxecm6Bo no eHgokpuHoAoz2ua, npog. Ao3zaHo6
noAaza ocHoBume Ha cnucaHue ,,EHgokpuHoAo2ua” u kamo He2oB 2raben pegakmop 6 npogbakeHue Ha 18
2oguHu gonpuHaca 3a ym6Bopxxgabanemo my kamo ocHo6Ha mpubGyHa 3a nonyaapu3zupaHe Ha HayyHume
nocMwKeHuA Ha O'bA2apckama eHgoKpuHoAoz2ua y Hac u B uyyxbuna. Kamo cb3gamen u povkoBogumen Ha
cekyua ,Tupeougea” kom bwrazapckomo gpyxecmBo no eHgokpuHorozua, npog. Ao3aHoB opzaHuzupa
npe3 2002 2. MbpBua mexxgyHapogeH KYpc N0 mMupeougoAo2ua 3a cneyuasucmu u Aekapu om LleHmpaaHa
u N3mouna EBpona, cbcmonaA ce nog ezugama u ¢ yyuacmuemo Ha Bogewu yueHu om EBponeiickama
TupeougHa Acoyuayua. Cbc cbwua gyx u eHmycua3zvm, npe3 2017 2. npue nokaHama ga ce Bkarouu 6
yupegabaHemo Ha bwvAazapcko CgpyxkeHue Tupeougea u Mapamupeougen, yuamo eguHcmBeHa uea e ga
3agbAbouyaba no3HaHuemo 6 ma3zu ob6aacm.

AeliHocmma, Koamo Geaexxu 20Aama yacm om npodecuoHaAHUA Nbm Ha npod. Ao3aHo6 u ce npeBpbwa
6 HezoBa mucun, e Gopbama 3a cb3gaBaHe u npuemaHe Ha HauyuoHaaHa cmpamezua 3a npeBeHuus u
AukBugupaHe Ha log-gepuyumHume 3a60aa6aHun 6 bvazapua (MocmanoBaeHue N2 96/1994). U3nbAHeHUEMO
Ha nocmaBeHume 6 Hea uyeau u 3agayu npe3 caegBawume 10 2oguHu Bogu go ouyuarHomo npuzHaBane
Ha bwAzapua om cBemo6BHume opzavuzayuu - ICCIDD u C30 (2004), kamo cmpana 6e3 togeH gepuyum.
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Mpod. Ao3aHoB e He camo UCMUHCKU A€Kap U YUueH, HO U )KeAAH AeKMOop, CbbecegHuK u yuumea Ha noBeuemo
om Hacmoawume npenogaBameau u pvkoBogumeau Ha cmpykmypu 6 YHuBepcumemckama GoAHuua no
EngokpuHoaoz2ua ,,Akag. MBan lMenueB” u Kamegpa no EHgokpuHorozua kbm MeguyuHcku YHuBepcumem
Codua. Toli e HocumeA u Ha HalU-Bucokomo cbcAroBHO omauyue - nouemeH 3HaK Ha bbAzapckua Aekapcku Cbi03
- 3AameH, 3a UAAOCMHU 3acAy2u 3a pazBumue Ha MeguyuHckama Hayka u 3gpaBeonazBaHemo 6 bwazapua.

MokAoH npeg namemma my!

Om umemo Ha Pegkoaezuama - npodp. g-p Pycanka KoBaue6a,
PvkoBogumen Ha KauHuka no TupeougHu u memaboAumHu KocmHu 3aboraBaHus,
VCBAAE ,,Akag. V1B. lNeHueB”

Prof. Boyan Lozanov was a prominent endocrinologist, a pioneer of thyroidology in Bulgar-
ia and for many years head of the Department of Endocrinology and the Clinic of thyroid and
metabolic bone disorders at the University Hospital of Endocrinology , Acad. Ivan Penchev”.
Prof. Lozanov dedicated more than half of his 60 years in professional life to the University
Hospital of Endocrinology and the specialty and science of endocrinology progressing from a
clinical fellow to a full Professsor. An organized and systematic person, he devoted much of his
efforts to the development of thyroidology as an important field of endocrinology, as well as to
the creation and recognition of the Clinic of Thyroid and Metabolic Bone Disorders.

He was the main contributor for the establishment of the Clinical Centre of Endocrinology
and Gerontology, which he managed from 1993 to 2000 and which later evolved into the cur-
rent Department of Endocrinology at the Medical University Sofia.

Prof. Lozanov was the editor and co-author of the Textbook of Endocrinology published on
the eve of the 21st century that served as a key guide to endocrinology for several generations
of Bulgarian physicians. In his ten years as scientific secretary of the Bulgarian Society of Endo-
crinology, he founded the journal Endocrinologia. Prof. Lozanov was the editor-in chief for the
first 18 years of its existence with this being a period of advancement as the journal became
the major platform for the publication of scientific achievements in the field of endocrinology.

Prof. Lozanov was the founder and head of the Thyroid section of the Bulgarian Society of
Endocrinology. In 2002, he organised the First International Postgraduate Central and East Eu-
rope Course in Thyroidology. The course was held under the auspices of the European Thyroid
Association and with the participation of prominent lecturers from the Association. With sim-
ilar enthusiasm, he accepted the invitation to co-found the Bulgarian Thyroid and Parathyroid
Society in 2017 with the sole purpose of promoting knowledge in that area.

Prof. Lozanov’s most emblematic pursuit that became the mission of his career was the
development and implementation of a National strategy for the prevention and elimination of
iodine-deficient disorders in Bulgaria. Over a period of ten years starting in 1994, the stated
goals were attained and the initiative culminated in the official certification of the country by
the ICCIDD as a country without iodine deficiency.

Prof. Lozanov was not only a physician and a scientist but also a valued lecturer and men-
tor to most of the current academic staff of the University Hospital of Endocrinology , Acad.
Ivan Penchev” and the Department of Endocrinology at the Medical University Sofia. In Janu-
ary 2020, he was decorated with the highest award of the Bulgarian Medical Association for his
overall contribution to the promotion of medical science and healthcare in Bulgaria.

We mourn his loss!

On behalf of the Editorial Board - Prof. Roussanka Kovatcheva,
Head of Clinic of Thyroid and Metabolic Bone Disorders,
University Hospital of Endocrinology ,Acad. Ivan Penchev”
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1. MclLachlan S, Prumel MF, Rapoport B.
Cell Mediated or Humoral immunity in Graves’
ophthalmopathy? | Clin Endocrinol Metab 1994;
78 (5): 1070-1074.

2. Christov VI, Gocheva N, Petkova M,
Zacharieva S, Tankova Tz, Orbetzova M, et al.
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1. Delange F. Endemic Cretenism. In: Brave-
man L, Utiger R, editors. The Thyroid. 9-th ed.
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