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MeHeA>XMEeHT NaLuieHTIB
i3 LYyKpoBUM Aia6eTom 1-ro i 2-ro Tmnis
B YMOBOX 30POMHOro KOHPAIKTY

Pe3tome. ymaHiTapHi Kpuau, 06yMOoBIIeHi 36 pOMHUMM KOHQIIIKTaMu, MOCTIVIHO 3pOCTar0Tk | ABJISIIOTL CO60H0
CEepUo3Hy rniobasibHy rnpobriemMy A/ CUCTEM OXOPOHU 3L40POB’S. BiviHa B YkpaiHi amycuna 65m3bko 4,8 MITH
YKpaiHUiB LLyKaTy TUMYacoBU 3aXMCT 3a KOPAOHOM, a 65iM3bKo 10 MJIH OTpUMasn cTatyc BHyTPILLUHbO nepe-
MmiLyeHoi ocobu. Cutyauito B YkpaiHi oxapakTepu30BaHoO siK MOTEHUINHO HanbinbLuy MirpadiviHy Kpu3y B €Bpo-
ni 3a octaHHe cToniTTsA. OCKINIbKWN FYyMaHITapHi Kpy3un CTaroTb 3HA4YHO MOLUMPEHUMU Vi TPUBAIUMU, rpobriema
XPOHI4YHNX 3aXBOPIOBaHb, TaKuX sIK LyKposuii giabet (4[), ctae Bce 6inbLu Baxnmsoro. [IpogoBorbya 6e3rneka,
06MexXeHU JOCTYr 4O MeANYHUX YCTaHOB i JliKiB, & TAKOX eKOHOMIYHI TpyAHOLYi — e e feski 3 6aratbox
TPYAHOLLIB, 3 AKUMU CTUKaKOTbCA XBOPI Ha LI[] B ymoBax 36poviHOro KOHIKTY. JJocBig (hyHKLIOHYBaHHS cuc-
TemMu OXOPOHM 3[40POB’si B yMOBax 36pOMHOIro KOHQ/IIKTY Ha NMpuKaagi iHLUMX KpaiH CBigYnTb, LLO B KOPOTKO-
CTPOKOBIV NepcrneKTuBi npioputeTtom mae 6yt 3abes3nedeHHs 6e3nepepBHOCTI IHCymiHoTepanii i JocTyny Ao
OCHOBHUX NepopasnbHUX LYKPO3HWXXYBasibHUX 3aco0iB | OCBITHIX rporpam 4715 nayieHTiB i3 CaMOKOHTPOJIHO 3a-
XBOPIOBAHHS 3 aKLeHTOM Ha po3ri3HaBaHHs CUMMITOMIB riforikemii, fiabeTnyHoro ketoaynao3y vi 3HeBOAHEH-
HS; Y JOBrOoCTPOKOBIV nepcrneKkTuBi — 3abearieq4eHHs oCTyny [0 SIKICHOI MeauYHoi JornoMOory vi Jlikis, HaB4YaHHs1
micyeBux | MDKHapoAHUX rnoctadvyasbHUKIB MeaNYHUX MOCyr LWOA[0 [iarHOCTUKU v flikyBaHHS L[ i vioro roctpmx
YCKNagHeHb i po3pobKa KiHIYHOI HacTaHoBY O[O0 MEHEAXKMEHTY XBOPUX y LUnx ymoBax. [ymaHiTapHi kpuau y
CBITI cTanu GifibLL 3aTSXKHUMU, TOMY MEANYHI NMpauiBHUKN MYCSITb BUXOAUTHU 38 paMku 6e3rnocepenHboi 6a3o-
BOI NepBMHHOI MeanYHOI ONOMOru Vi BUpILLyBaTH rpobieMu JOBroCTPOKOBUX HACTIAKIB As1sl CTaHy 340POB’s
noctpaxganux. HeobxigHi noganbLui 4OCNIOXEHHS, CrIPSIMOBAaHI Ha nigBULLIEHHS IKOCTI HagaHHs1 Meau4HoI [o-
riomoru xgopum Ha /] B ymoBax rymaHiTapHoi Kpu3u, 3yMOBIIEHOI 36 pOVHUM KOHGIIIKTOM, € noTpeba B po3-
pobUui cripoLeHnX, eKOHOMIYHO eOeKTUBHUX MOJESIEi MOHITOPUHIY CTaHy XBOPUX, IKOCTI Mean4Hoi gornomoru
Vi JOCTYNHOCTI JiKIB /19 XBOPUX Ljiei kaTeropii.

Kno4oBi cnoBa: wuykposuii giabet 1-ro Tuny; LyKpOoBui giabeT 2-ro TUry; MEHEIXMEHT; 36 p0ViHWNI KOHITIKT;
rymasitapHa Kpm3aa

Ha nnanerti 3emuist 3 2011 o 2022 pik 0ysio 13 BifiH, sKi
BiliChKOBI TEOPETUKHU BM3HAYAIOTh SIK 30pOiiHi KOH(MIIIKTI
[1, 2]. 24 moToro 2022 poky moyvayiacsi TOBHOMACIITA0-
Ha ¢asza pocilichbKo-yKpaiHChbKOi BiliHU, 110 TpUBaja sK
riopuaHa 3 2014 poxky. [ymanitapHi Kpu3u, oOyMOBIIEHi
30pOHUMU KOHMJIIKTaMU, MOCTIHO 3pOCTalOTh i SIBJISI-
IOTb CO00I0 Cepiio3HY INIOOATbHY IPOoOIeMYy IS CUCTEM
OXOpOHU 370poB’sl. MenuuHa cucteMa — ojHa 3i cdep,
SIKY POCISIHU «IeHalu(iKyloTh» B YKpaiHi. 3a Tpu Micsiti

IMOBHOMACINTAOHOI BiliHM BOHM MOIIKOAWIM ToHam 600
JliKapeHb, YOUTO LIoHaliMeHIne 12 meaukiB, 47 — TSIKKO
rnopateHi [3].

36poiiHi KOH(MIIKTU TPU3BOAATh 1O PEKOPIHOIO
3pOCTaHHS KiJIbKOCTI mepemimeHunx oci6. 1o 2022 poky
rpoMajsiHchka BiliHa B Cupii BBaxkajacsl Hall3HAYHIIIOO
rYMaHIiTapHOIO KPHU30I0, Yy pe3yabTaTi SIKOi mMoHaa 5 MJIH
CUPINIIB cTamu OiXeHIsIMU i 6,1 MIIH — BHYTPIIIHO
nepemimeHumu ocobamu (BITO) [4]. BiitHa B YkpaiHi
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4]

3Mycuia 0u3bKo 4,8 MJIH yKpaiHIIiB IIyKaTU TUMYacO-
BUIA 3aXMCT 3a KOPIOHOM, a 6au3bko 10 MJIIH oTpuMaiun
cratyc BITO [5]. Curyaitito B YKpaiHi oxapakTepu3oBaHO
SIK TIOTEHIIIMHO HAWOIIBIIy MirpauiiiHy Kpu3y B €Bpori
3a OCTAHHE CTOJIITTS.

HacunbcTBo cynepeunTs Hallniii Micii K mpodecioHa-
JIiB, @ MOpajibHa CTOPOHa — $IK Jiofeil. CucreMa OXOPOHU
3[0POB’s IIiJl Yyac pearyBaHHSI B yMOBax 30pOMHOI0 KOH-
GIIKTY 3i 3pO3yMIIMX IPUYMH 30CepemKeHa Ha TpaBMax,
iH(EeKIiHHMX 3aXBOPIOBAHHSIX Ta iHIIMX TOCTPUX CTaHaX.
XpOHIYHUM HeiH(MEeKIiMHNM 3aXBOPIOBAHHSAM, 10 SIKHX
HaJIexXXuTh 1ykpoBuii miadet (L) 1-ro i 2-ro Tumis, icto-
PUYHO HadaBaBCsl HU3BKUM mpiopuTeT. OCKiIbKM ryMaHi-
TapHi KPU3M CTAIOTh 3HAYHO MOIIUPEHUMU i TPUBATUMU,
npobjieMu XpOHIYHUX 3aXBOPIOBaHb, TakuX sK LI, cTaloTh
BCe OuIbII BaxkinBUMU. [1paBo Ha OXOPOHY 3M0POB’sI iCHY€E
HaBIiTh y 30poitHMX KOHMIIIKTaxX, A¢ HACHIAKM BiiiHM ISt
LIMBILHOTO HACEJIEHHSI MOBUHHI OyTU IMOM’SIKIIEHi IS~
XOM 0€3MepepBHOCTI MEIUYHUX TTOCIIYT, HATIPUKJIAL JIiKy-
BaHHs xBopux Ha LI, siKi € omHUM 3 HAOUIbII Bpa3auBUX
KOHTHHIE€HTIB XBOpUX [6].

€ yucIIeHHi my0JTiKamii Mpo CTUXIiiHI JImxa i IX HacIim-
KM 115 kuTTs xBopux Ha LI [7, 8]. BiiiHa i 30poiiHi KOH-
GAIKTM CTBOPIOIOTH CEPHO3HI TIpobIeMu ISl XBOPUX Ha
1IJI, mocTavyaJIbHUKIiB MEAUYHMX IOCIYT i TyMaHiTapHUX
npauiBHUKIB. KpiM Toro, 1i Kpm3m 9acTO BUHHMKAIOTh Y
KpaiHax, 1110 pO3BUBAIOThCS, JI¢ HALlIOHAIBHUX TJIAHIB T10-
JIOJaHHS LIUX JIMX MOXe He OyTH, a MiCLIeBi pecypcu CUCTe-
MU OXOPOHU 310POB’s BxXe BuuepnaHi. B onuryBanHi 2019
POKY, y IKOMY B3sUIM y4yacTb MoHaa 10 TUcsSY cupiiicbKux
OiXKeHLIIB, sIKi mpoxuBanu B TypeuuuHi, 15,2 % pecrnoH-
JICHTIB TOBIIOMUJIN TIPO XPOHIYHE 3aXBOPIOBaHHS (Timep-
TOHiIUHa XBOpoOa, rncuxiyHi posnanu, LI Toio) [9]. Kpim
TOro, 3a JaHMMM BcecBiTHBOI opraHizailii OXOPOHU 3110-
poB’ss (BOO3), nonax 50 BiACOTKiB CUpiiicbKMX Oi>KEHIIiB
y TypeuyunHi repeOyBaau B 30Hi BUCOKOTO PU3UKY (Maiu
3—5 pakTOpiB PU3UKY) PO3BUTKY XPOHIUHOTO 3aXBOPIO-
BaHHs [10]. «[IpoBanu» B JIiKyBaHHI 1 BiICTPOYEHHS Ha-
JIEKHOTO OOCTEXEHHS i OISy MOXYTh MPU3BECTU 10
nexkommneHcarii /I, po3BUTKYy ab0 mporpecyBaHHSI Xpo-
HIYHUX YCKJIaTHEHb i MOTipiieHHs nepediry KoMmopoinHoi
MaToJorii.

V 3BuuaiitHux ymoBax JikyBaHHA LIJI € ckimagHuM
3aBIaHHSIM 1 TOTpeOye HAsIBHOCTI IIyKPO3HMXKYBaJbHMX
3ac00iB, 3acO0iB MOHITOPMHIY IJIIOKO3UM I BUTPATHUX
MarepiajiiB 10 HUX, TOTPUMaHHS JiETUYHUX PEKOMEH[a-
11ill, HABYaHHS MPUHLIMITIB CAMOKOHTPOJIIO i PETYISIPHUX
Bi3uTiB o mikaps. [IpakTuka mokasye, IO ITim 9ac ryma-
HITapHUX KPU3 MEpPeMIillleHi 0coOM il Ti, XTO 3HAXOAUTHCS
0e3IocepeIHbO B 30HI KOH(IIIKTY, CTUKAIOTHCS 3 Oe3miu-
YI0 TIEPEIIKO/, KOJIU CrpaBa JOXOAUTh 10 JikyBaHHs LIJI.
IIponoBosbyua G6e3neka, oOMexXeHUl TOCTy A0 MEAUYHUX
YCTaHOB i JIiKiB, a TAKOXX €KOHOMIUHi TPYIHOILli — 11I¢ JIule
nesiKi 3 0araTbOX TPYIHOLLIB, 3 SKUMU CTUKAIOThCS XBOPIi
Ha LI/l B ymoBax 30poitHOro KOH(QIIIKTY.

AxicTh Xi 1 TepMiHM NpUioMy 1Xi TaKoX Hemnepenabda-
YyBaHi, OCKIJIbKM TMPOAYKTU 3 BUCOKMM BMiCTOM BYIJIe-
BOJIiB CTaIOTh OCHOBOIO paiuiony. [Ipu owiHII XapuyBaHHS
cupiiicbkux OixkeHniB y JliBani 21 % momorocrnomapcts
MOBIZOMIIM TIPO HU3BKY Oi€TUIHY Pi3HOMAHITHICTh (MEH-

e 3a 4,5 rpynu npoayKTiB 10aHs), i auine 18 % — mpo
BHMCOKY Ti€ETUIHY Pi3HOMaHITHICTh (MTOHAM 6,5 Tpymu mpo-
nykTiB moaHs) [11]. Ouinka pauiony xapuyBaHHs 1159 6i-
JKeHIIiB 3 bipMu rmokasasna, 1o ByrjaeBoau ctaHoBUIN 84 %
Bifl 3arajibHO1 KiIbKOCTi Kaiopiit [12]. DizuuyHa akTUBHICTh
TaKOX 3HUXYETHCS, YaCTKOBO Uyepe3 00OMeKeHU A MPOCTip i
npoGaemMu Oe3neKku.

Mox11BO, HAOUIBIIUM O0ap’€pOM, 3 IKUM CTUKAIOTh-
csl JTIOAM B YMOBaX 30pOMHOTO0 KOH(IIKTY, € TMCUXOCOILi-
ajbHa TpaBMa, siKa 3HWXKYE BaXKJIMBICTb IMIKJIyBaHHS MpPO
3I0pPOB’S B CIIUCKY ixHix mpioputeTiB. [1im yac 30poitHoro
KOHMIIIKTY XiHKU OCOOJIMBO Bpa3jIMBi, OCKIJIbLKM Ha HUX
MOKJIaJal0ThCs SIK Ha MEePBUHHUX OIMIKYHIB IJI CBOIX Ci-
Meil i BOHM He MOXYTb HaJlaBaTy MPiOpUTET BJIACHOMY 3/10-
poB’10. MOBHi 0ap’epu TaKOX YTPYAHIOIOThH CITLJIKYBaHHS
TMi1 yac HaJlaHHS METUYHOI TOTTIOMOTH. Y 3BUYailHUX CUTY-
auigx y nauieHTis i3 L] mowmpeHicTte nenpecii i Tpusoru
30iIBIIYETHCS B YOTUPU Pa3y MOPIBHIHO 3 IXHIMU OTHO-
sitkamu 6e3 LI, Ha 1oJaToK 10 OibIl BUCOKOTO PUBUKY
camorybctna [13, 14].

[lo 1i€l Bpa3auBOCTi OAAETHCS 3aHETTOKOEHHS 3 TIPU-
BOAY MOTEHLIiHOTrO AedilluTy XUTTEBO BaXKJIMBUX JIiKiB
mis aikyBanHa LIJI, a Takox emouiiiHuit eekT, Biac-
TUBUI camiil BiliHi. Lli cuTyanii TONOBHIOIOTHL ClieHapiit
HEMUHYYO0I MCUXOJIOriyHOi KatacTpodu. JJocTyn mo J1ikiB
€ cepiio3Ho10 TIpobisiemoto mjis xBopux Ha LI, sxi € me-
pemimeHuMu ocodbamu. IlinpaxoBaHo, 1110 OiIBIIICTb Te-
peMillleHrX OcCi0 i3 XpOHIYHMMU 3aXBOPIOBAaHHSIMU OyJIN
3MYIIICHI MepepBaT CBOE JIiKyBaHHS Ha aesikuii yac [10].
Hoctyn no sikicHoi gornmomoru xBopum Ha LIJI yckianHe-
HUI1, OCKIJIbKM CUCTEMa OXOPOHU 310POB’S HaBaHTaXKeHa
BEJIMKUM HaIlJIMBOM JIIOJEH Il yac TyMaHiTapHOI KPU3H.
V Bumagky cHUpificbKoi Kpu3Hu B TaKuX KpaiHax, sk JliBaH
i MopmaHist, GLTbIIICTh GIKEHIIIB He XYM B 0GIAIITOBA-
HUX Tabopax, a mepedyBajiu B MicTax, 1€ i OTpUMYBaIud
MEIMYHY JIOTIOMOTY B ILIEHTpax, sIK i mpuiiMaloue Hace-
neHHs. 3a nanuMu Opranizanii O6’ennanux Hauiit, 39 %
cupiiicbkux 6ixeH1is B MopaHii, SIKi MelLKaIu nosa ta-
0opamu, MOBIZOMJISIIA TIPO TPYAHOII 3 AOCTYIIOM IO Me-
IUYHUX IMOCIYT MpU XPOHIYHUX 3aXBOploBaHHsX [15]. 3a
NIAaHUMU CHPIiliCbKO-aMepUKaHChKOTO MEIWYHOTO TOBa-
pucTBa B cliBOpalli 3 MixkHapoaHo0 AiabeTuuHolI0 (hene-
pauieto (IDF) B JliBani, 3 1722 nepemimenux oci6 i3 LIJI,
quie y 28 % 3axBOploBaHHS 0yJIo 10Ope KOHTPOJIbOBaHE
(HDbA, . <7 %). Docnimkenns skocti nikysanns L1y Ta-
Oopax OixeHIiB, a Takox y Tabopax BIIO BusBuio, 1o
OiNbILIICTD HE MAIOTh AOCTYITY 10 LIYKPO3HUKYBAJIbHUX JIi-
KiB, mpuyoMy 34 % He 3abe3neuyBaiucs iHCyaiHOM [16].
BincyTHicTh cBO€E4aCHOTO BTpYYaHHS 1 TOCTYMY /IO JIiKy-
BaHH4 LI/l cmpuunHsie cepiio3Hi JOBrocTPOKOBI HACTiAKI
IUJISI 3I0POB’ ST, 1110 MOXYTh MPU3BECTHU 10 JIETAIBHOTO KiH-
ust. 3aTskKHU KOH(IIKT y €MeHi, HanpukJiaa, Mpu3BiB
[0 TOTO, 11O MPUOIU3HO MOJOBMHA MEAUYHUX YCTAHOB
OKpPYTY BUIILIA 3 Jlady, a YeTBepTa YacTUHA aMITyTalliil
KiHLiBOK Yy LleHTpax MixXHapoaHoro komitety YepBoHOro
Xpecra moB’s13aHa i3 LI/ [17].

barato kpaiH mim yac 30poifHOro KOHQJIIKTY TaKOX
CTUKAIOThCS i3 CEPIiO3HOI0 HeCTauelo JIOIChKUX PeCcypciB,
OCKIJIBKM KiIBbKICTh MEAMYHUX TPaliBHUKIB, SIKi MalOTh
MiATOTOBKY i MOCBiA y rajay3i eHIOKPUHOJIOTIi, oOMexeHa,
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30KpeMa B miaberosorii. XBopi Ha LI/l 3a3HaIOTh TPyAHO-
1IiB Y 3/ilICHEHHI CAaMOKOHTPOJIIO PiBHS TJIiKeMil BHACJTi-
JOK Ne(ilUTy TJIOKOMETpPiB, TECT-CMYXOK Ta iHIIUX BU-
TpaTHUX MaTepialiB.

B ymoBax 30poiiHOr0 KOH(IIKTY CUTYyallisl IUIsl malli-
eHTiB 3 LIJI 1-ro TuIry MoXe BUSBUTHUCS BKpail TSKKOIO,
OCKIiJIbKM TepeprBaHHS iHCYJIiIHOTEparlii € TUTaHHSIM KUT-
T a00 CMepTi. Y IesdKUX MiBIeHHO-CXimHUX MicTax YKpai-
HU, TaKuX 1K Mapiynosib, J10a1 3iTKHYJIUCS 3 KPUTUYHOIO
HecTauelo MPOoJOBOIbCTBA, BOAU i iHCYJiHY, IO MOCUITIO-
Basiacs 0JI0KaJ010 TyMaHiTapHUX KOHBOIB. Y po3Iiall ryma-
HiTapHOI Kpu3u nauieHTH i3 LI/ y uux perioHax BimuyyBa-
I0Th 3MEHILEHHSI PECypCiB CUCTEMU OXOPOHU 3I0POB’S 3
Oe3IpeneeHTHOIO IBUAKICTIO [18].

Ilin yac rymaHiTapHOi KpM3M MperapaTu iHCYyJIiHy Ta
3aco0M 1Sl HOTO BBEJIEHHS MOXKYTh BUSIBUTUCSI HEOCTYTI-
HUMU, IO MOXE MPU3BECTU A0 Timepriikemii abo miade-
TUYHOro keroanuaosy. Kpim Toro, mauientu i3 L1 1-ro
TUITY, IKi OTPUMYIOTb HE aHAJIOTH iHCYJTiHY, B YMOBaX BOEH-
HOro KOH(MIIIKTY MiaaaloThCsl pU3UKy BUHMKHEHHS HeOe3-
TEYHOI IJIsI KUTTS TiMOTJIiKeMil, KOJIM 3aItacy iKi Ta TepMi-
HU TpuifoMy 1Xi HenepenbadyBaHi. HaBiTb Konu iHCYJiH
MOCTYIHUIA, PO3MOMILN iHCYIiHY Ta iHIIIMX HEOOXiTHUX JIiKiB
Moxe OyTU YCKJIaJHEHUM 4Yepe3 reorpadivHi i MomiTHuHi
6ap’epu. Kpim TOro, iHcyJiH BUMara€e npu TpaHCHOPTY-
BaHHI XOJIOMOBOTO JIAHI[IOTA 1 MiATPUMAaHHS TeMIlepaTypu
Bin 2 mo 8 °C. 36epiraHHs iHCYJIiHY MallieHTaMU € J0/aT-
KOBOIO ITP00IeMOI0, OCKIJIbKU BiICYTHICTb OXOJIOIXKEHHS i
BIUIMB BUCOKHUX TEMIIEPATyp MOXYTb ITOCTaBUTH TIiJI 3arpo-
3y MOro MpUAATHICTh. 30iIbLIeHHST JOCTYITHOCTI iHCYJIiHY
B YMOBax 30pOHHOr0 KOH(MIIKTY MOXe PO3IJISIaTUCs K
YyacTHHA PyXy Ha 3aXUCT MI100abHOIO MpaBa JIIOIAUHU.

Xoua B cyJacHill iHCymiHOTepaIril HaZaeThbCs IepeBara
aHajioraM iHCYJIiHY, JIFOACHKUI iHCY/IiH 3aJIUIIa€ThCS Hali-
Oi7IbIII €KOHOMIYHO OOIPYHTOBAaHUM IpU3HAYEeHHSIM. Tak,
BOO3 nipuiiHsiia pillleHHsSI BUKJIIOUUTU aHAJIOTU 1HCYJIiHY
TpUBaJIOi Ail 31 cucKy HeoOxigHMX JikiB y 2017 poui Ha
KOPUCTb MEHIUI JOPOTOro JIIoJAChKOTo iHCymiHy [19]. Mix-
HapoJHi opraHi3allii BKJIIOYalOTh JIFOACHKUI iHCYJTiH (Hell-
TpaJIbHUI IpoTaMiH XaregopHa, iHCyTiH-peryJisip i cyMmilin
moacbkoro iHcyniny 70/30) pazom 3i mmpuiiaMu B Habo-
pU ST HEBIIKJIAAHOI JOMOMOTH. K BXXe MIIIoCs BUIIIE,
30UTbIIIEHHST JOCTYITHOCTI IHCYJIiHYy B KPM30BUX YMOBax
MOXe PO3IJISIIATUCS SIK YaCTUHA PYXY Ha 3aXUCT IJ100as1b-
HOTO IpaBa JIOAUHMU.

KpiM iHCysiHY, mepopasibHi 1yKPO3HMKYBaJbHi TIpe-
napatu € ocHoBowo Tepamii L] 2-ro tumy. ¥ crnmcok oc-
HOBHUX IIYKPO3HIDKYBaJIbHUX JIIKAPCHKUX 3acO0iB, SKUA
oHOBMOETbcs BOO3 KOXHi iBa pOKU, BXOIASATh HEAOPOTi
i1 noctynHi mMetdopMiH i riknazug [19]. Diiknasua xpa-
I 3a TJIIOEHKIaMil, OCKIJIBKM 3 HUM TOB’SI3aHUI OiJIbIIT
HU3bKMI pu3uK rinoraikeMii [20]. ¥V cnucky BOO3 Takoxk
€ aHTUTINEPTeH3UBHI 3aco0u (eHasanpui, TiIpoxJopoTia-
3uUJl i Jlo3apTaH), cepleBO-CYIUHHI MpenapaTu (acmipuH i
CUMBACTaTHH) i TJIIOKAaroH. Y TOBrOCTPOKOBIi# ITepCIEKTH -
Bi 1Ie CIpUsIE KOMITJIEKCHOMY ITiIXOMy /10 JIiIKyBaHHSI XBO-
pux Ha LI/ 3 ypaxyBaHHSIM BUCOKOTO KapAiOBacKyJIsIpPHOTO
pusuky. OnrtumanbHe JTiKyBaHHSI xBopux Ha L] Bumarae
IOCTYMy 10 BUTpAaTHUX MaTepianiB. LleHTpu, 1110 HamamoTh
MEIUYHY AOIIOMOTY IlepeMilieHuM ocobam i3 LI mim gac

ryMaHiTapHOI Kp13H1, MaloTh OyTH 3a0e3medeHi 1adbopaTop-
HUMH ¥ TOPTAaTUBHUMM (TJTIOKOMETP) aHasizaTopaMu Tk~
KO3U, TeCT-CMYKKaMU JIJII BUSHAYEHHS 1LIyKpY KPOBI, Ke-
TOHOBUX TiJl Y KpoBi i cedi, mmpunamu, 40% po3yrmHOM
IJTI0K031 a60 50% pO3UYMHOM IEKCTPO3H, a TaM, Jie T03BO-
JISIIOTh PECYPCU, — TECT-CUCTEMaMM JIJIsi BU3HAYEHHSI PiB-
HiB TJIIKOBAaHOTO TeMOIJIO0iHY, JilliliB, KpeaTUHiHY KPOBI,
MiKpoaJIbOyMiHY B ceui, III0 € KPUTePisIMU e(PEeKTUBHOCTI
JIIKyBaHHSI B TOBFOCTPOKOBIi1 mepcrnieKTuBi [21].

JocBin (pyHKIIIOHYBaHHSI CUCTEMU OXOPOHU 3I0POB’s
B YMOBax 30poifHOTro KOH(IIIKTY Ha Ipukiaani Cupii moka-
3y€, 10 B KOPOTKOCTPOKOBII MEPCIIEKTUBI (THI — THXKHI)
nmpiopuTeToM Mae OyTu 3abe3reuyeHHs Oe3IlepepBHOCTI
iHCy/iHOTeparii i JOCTyIy 10 OCHOBHUX MepOpaibHUX
LIYKPO3HIKYBaJbHUX 3aC00iB i OCBITHIX Mporpam is mna-
LIIEHTIB i3 CAMOKOHTPOJIIO 3aXBOPIOBAHHS 3 aKIIEHTOM Ha
pO3IMi3HaBaHHSI CHUMIITOMIB TiMoOIJIiKeMii, aiabeTUuIHOro
KeTOoaluao3y i 3HEBONHEHHS; y JOBTOCTPOKOBIi Iiep-
CIEKTUBI (TMXKHI — MicsLi) — 3a0e3MeyeHHst JOCTYIy 10
SIKICHOT MEIMYHOI JOMTOMOTH i JIiKiB, HaBYaHHS MiCLIEBUX
i Mi>KHapOJHUX MOCTAYaJIbHUKIB MEIUYHUX TIOCIYT 1100
NiarHOCTUKM I JlikyBaHHs LI/ i ioro rocTpux ycKjiaaHeHb i
po3pobKa KIiHIYHOI HACTAHOBU 1010 MEHEIKMEHTY XBO-
pHUX y IMX yMOBax [4].

Otxe, rymMaHiTapHa Kpu3a, CIIPOBOKOBaHA 30pOMHUM
KOHMIIKTOM, CYTTEBO BIUIMBA€E Ha Pi3Hi cepn HagaHHS
MEIUYHOI 1oroMoru xBopuM Ha L] 1-ro i 2-ro Turmis, mne-
PEBaHTAXYE 11 Ta YCKIJIQAHIOE MPOTHO3YBAHHS JOCTYITHOCTI
MEIMYHOI JOMOMOTH XBOPUM Ha I10 €HIOKPHUHOIIATIIO.
TpuBarounii 30poiiHMI KOH(JIIKT, KOMEHIAHTChKA roIMHa,
pYHYBaHHS MEAWYHUX YCTAHOB, alTeK i 30CEepeIKEeHHS
yBaru Ha rocTpux TpaBMax IMEPEeLIKOIKAIOTh HAJIEXKHOMY
nmoctyny xBopux Ha LIJI 1o myKpo3HIKyBaJIbHUX 3acO0iB,
CaMOKOHTPOJIIO IUTiKeMii 1 IKiCHOT MEIMYHOI TOTTIOMOI'M Ha
BCix JlaHKax [22].

INomanwnii y KIiHIYHUX HacTaHOBAaX AMepPUKAHCHKOI JTi-
abetuyHoi acorianii (AIA) 2021 poky MeHeIKMEHT Ialli-
enTiB 3 LI/ 1-To i 2-TO TUMIB He BPaXxOBYE OCOOIUBOCTEL
HaJaHHS CIeliaai3oBaHOI MEIUYHOI JOTTIOMOTY B YMOBax
ryMaHiTapHOI Kp13H1, CIIPOBOKOBAHOI 30pOiTHMM KOHMJIiK-
ToM [23]. Y Toi1 ke yac 30poitHi KoHJTikTH B Ipaky, Cupii,
€meHni, [pysii, Haripuomy Kapabaxy oronwiu npobdiemu B
MEHEIKMEHTI XPOHIYHMX HeiH(EeKIiHHUX 3aXBOPIOBaHb,
1o sikux HajexuTb LJ 1-ro i 2-ro tumis [24, 25]. ¥V 2021
poui nipu JlepkaBHOMY eKCIIepTHOMY IieHTpi MiHicTep-
CTBa OXOPOHM 3/0pOB’st YKpaiHu rpymnoto ¢axiBliB Oyia
po3sroyara poboTa Haj KJIiHiYHOIO HACTAaHOBOIO MEHEIX-
MeHTy LI 1-ro i 2-ro TumiB. OCKiJIbKM 3a IIPOTOTUII OYII0
0o0paHo KJiHiuHy HacTaHOBY AJIA, BoHa He Oy/e BpaxoBy-
BaTU 0coOIMBOCTI ympasiaiHHsg LIJI min gac rymaHiTapHOI
KpU3H, CIIPOBOKOBAHOI 30POMHUM KOHQIIKTOM.

Cucrema oXOpoHM 3[0pOB’sl YKpaiHM BIeplle 3a OC-
TaHHi 70 POKiB CTUKAETHCS 3 HEOOXiMHICTIO (hYHKITIOHY-
BaHHSI B YMOBaX TaKOTO ITOTY>KHOTO i MacCHMBHOIO 30poii-
Horo KoHpJikTy [26]. KpiM Toro, rymaHitapHi Kpusu y
CBIiTi cTasn OiIbII 3aTSDKHUMM, TOMY MEIUYHI MpaliBHU-
KM MYCSTb BUXOAMTHU 3a paMKM Oe3[ocepenHboi 0a30Boi
MEePBUHHOI MEIMYHOI JOTIOMOTH i BUPILIIyBaTH TTPOOJIEeMU
JIOBrOCTPOKOBMX HACJIAKIB JIJIS1 CTaHY 3[0POB’S MOCTPaXK-
nanux. HeoOxigHi momanbliii IOCTIIKEHHSI, CIPSIMOBaHI
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4]

Ha TiJABUILEHHS $SKOCTi HaJaHHS MEAUYHOI JOMOMOTU
xBopuM Ha LIJI B yMOoBax ryMaHiTapHOI KpU3U, 3yMOBJIE-
HO1 30pOHUM KOHQJIIIKTOM, € MoTpeda B po3po0lLli CIpo-
IIEHUX, EKOHOMIUYHO e(DEeKTUBHMX MOjeeli MOHITOPUHTY
CTaHy XBOPUX, SIKOCTi MEIMYHOI TOMTOMOTIH I JIOCTYITHOCTI
JIiKiB XBOPUM IIi€i KaTeropii.

Konduikr inTepeciB. ABTOpM 3asIBJISIIOTH MPO BiICyT-
HiCTh KOHQIIIKTY iHTepeciB i B1acHOI (hiHaHCOBOI 3alliKaB-
JIEHOCTI TIPY MiATOTOBLIi JaHOI CTaTTi.

Cnuncok Aiteparypu

1. Gongalves Junior J., de Amorim L.M., Neto M.L.R., Uchi-
da R.R., de Moura A.T.M.S., Lima N.N.R. The impact of “the war
that drags on” in Ukraine for the health of children and adolescents:
Old problems in a new conflict? Child Abuse Negl. 2022. 128. 105602.
doi: 10.1016/j.chiabu.2022.105602.

2. Korinek K., Teerawichitchainan B., Zimmer Z., Brindle E.,
Nguyen T.K.C., Nguyen H.M., Tran K.T. Design and measure-
ment in a study of war exposure, health, and aging: protocol for the

Vietnam health and aging study. BMC Public Health. 2019. 19(1).
1351. doi: 10.1186/512889-019-7680-6. PMID: 31646987; PMCID:
PMC6806496.

3. Awuah W.A., Mehta A., Kalmanovich J., Yarlagadda R., Na-
sato M., Kundu M., Abdul-Rahman T. et al. Inside the Ukraine war:
health and humanity. Postgrad. Med. J. 2022. 98(1160). 408-410.
doi: 10.1136/postgradmed;j-2022-141801.

4. Khan Y., Albache N., Almasri 1., Gabbay R.A. The Manage-
ment of Diabetes in Conflict Settings: Focus on the Syrian Crisis. Dia-
betes Spectr. 2019. 32(3). 264-269. doi: 10.2337/ds 18-0070.

5. Jaroszewicz M., Grzymski J., Krepa M. The Ukrainian refugee
crisis demands new solutions. Nat. Hum. Behav. 2022. doi: 10.1038/
§41562-022-01361-3. Epub ahead of print. PMID: 35589829.

6. Curchoe C.L., Chang T.A., Trolice M.P., Telfer E.E.,
Quaas A.M., Kearns W.G., Stern J.E., Albertini D.F. Protecting life
in a time of war. J. Assist. Reprod. Genet. 2022. 39(3). 555-557. doi:
10.1007/510815-022-02463-7.

7. Fonseca V., Smith H., Kuhadiya N. et al. Impact of a natural di-
saster on diabetes: exacerbation of disparities and long-term consequen-
ces. Diabetes Care. 2009. 32. 1632-1638. DOI: 10.2337/dc09-0670.

8. Kishimoto M., Noda M. Diabetes care: after the great east Ja-
pan earthquake. J. Diabetes Investig. 2013. 4. 97-102. DOI: 10.1111/
Jjdi. 12025.

9. World Health Organization Regional Office for Europe. Survey
on the Health Status, Services Utilization and Determinants of Health
of the Syrian Refugee Population in Turkey. World Health Organiza-
tion Regional Office for Europe; Copenhagen, Denmark, 2019.

10. Balcilar M. Health Status Survey of Syrian Refugees in Tur-
key: Non-Communicable Disease Risk Factor Surveillance among
Syrian Refugees Living in Turkey. Ministry of Health; Ankara, Tur-
key, 2016. https.//hsgm.saglik.gov.tr/

11. United Nations High Commission for Refugees Vulnerability
Assessment of Syrian Refugees in Lebanon — VASyR 2017. data2.un-
her.org/en/documents/details/61312.

12. Banjong O., Menefee A., Sranacharoenpong K., Chit-
tchang U., Eg-kantrong P., Boonpraderm A., Tamachotipong S.
Dietary assessment of refugees living in camps: a case study of Mae
La Camp, Thailand. Food Nutr. Bull. 2003. 24(4). 360-7. doi:

10.1177/156482650302400406.

13. United Nations Population Fund Worlds apart: reproductive
health and rights in an age of inequality. www.unfpa.org/sites/default/
files/sowp/downloads/UNFPA_PUB 2017 EN_SWOP.pdf.

14. Owens-Gary M.D., Zhang X., Jawanda S., Bullard K.M.,
Allweiss P., Smith B.D. The Importance of Addressing Depression and
Diabetes Distress in Adults with Type 2 Diabetes. J. Gen. Intern. Med.
2019. 34(2). 320-324. doi: 10.1007/511606-018-4705-2.

15. AlessiJ., Scherer G.D.L.G., Erthal I.N., Teixeira J.B., de Oli-
veira G.B., Jaeger E.H., de Carvalho T.R. et al. One in ten patients
with diabetes have suicidal thoughts after 1 year of the COVID-19
pandemic: We need to talk about diabetes and mental health not only
during Suicide Prevention Awareness Month. Acta Diabetol. 2022.
59(1). 143-145. doi: 10.1007/500592-021-01807-6.

16. Kherallah M., Alahfez T., Sahloul Z., Eddin K.D., Jamil G.
Health care in Syria before and during the crisis. Avicenna J. Med.
2012. 2(3). 51-53. doi: 10.4103/2231-0770.102275.

17. United Nations High Commission for Refugees Health access
and utilization survey: access to health services in Jordan among Syr-
ian and non-Syrian refugees. data2.unhcr.org/en/documents/down-
load/62404. Accessed 4 April 2019.

18. Kehlenbrink S., Mahboob O., Al-Zubi S., Boulle P., Aebi-
scher Perone S., Alani A.H., Kiapi L. et al. An inter-humanitar-
ian agency study of diabetes care and surveillance in humanitarian
settings. Lancet Diabetes Endocrinol. 2022. 10(3). 159-162. doi:
10.1016/52213-8587(22)00036-5.

19. World Health Organization WHO model list of essential
medicines, 2017. www.who.int/medicines/publications/essentialme-
dicines/20th_ EML2017.pdf.

20. Tessier D., Dawson K., Tetrault J.P., Bravo G., Meneilly G.S.
Glibenclamide vs. gliclazide in type 2 diabetes of the elderly. Diabet
Med. 1994. 11. 974-980. DOI: 10.1111/].1464-5491.1994.tb00256.x

21. Besangon S., Fall 1., Doré M., Sidibé A., Hagon O., Chap-
puis F., Beran D. Diabetes in an emergency context: the Malian case
study. Confl. Health. 2015. 9. 15-21 DOI: 10.1186/s13031-015-
0042-9.

22. Alessi J., Yankiv M. War in Ukraine and barriers to diabetes
care. Lancet. 2022. 399(10334). 1465-1466. doi: 10.1016/S0140-
6736(22)00480-9.

23. Standards of Medical Care in Diabetes — 2022. Diabetes
Care. 2022. 45 (Suppl. 1). S1-S2. https.//DOIl.org/10.2337/dc22-
SINT.

24. Elliott J.A., Das D., Cavailler P., Schneider F., Shah M.,
Ravaud A., Lightowler M., Boulle P. A cross-sectional assessment
of diabetes self-management, education and support needs of Syrian
refugee patients living with diabetes in Bekaa Valley Lebanon. Confl.
Health. 2018. 12. 40. doi: 10.1186/513031-018-0174-9.

25. Khader A., Farajallah L., Shahin Y., Hababeh M., Abu-
Zayed 1., Kochi A., Harries A.D. et al. Cohort monitoring of persons
with diabetes mellitus in a primary healthcare clinic for Palestine ref-
ugees in Jordan. Trop. Med. Int. Health. 2012. 17(12). 1569-76. doi:
10.1111/).1365-3156.2012.03097.x.

26. Maystruk G., Perone S.A., Anufriyeva V., Boulle P., Chap-
puis F., Lab B., Beran D. Caring for people with diabetes and
non-communicable diseases in Ukraine: a humanitarian emergency.
Lancet Diabetes Endocrinol. 2022. 10(5). 308. doi: 10.1016/52213-
8587(22)00105-X.

OrpumaHo/Received 31.05.2022
PeveH3oBaHo/Revised 14.06.2022
Mpuvinsito fo apyky/Accepted 21.06.2022 M

8 MDKHOPOAHNMA EHAOKPWHOAOTIYHUI XKYPHQAA, ISSN 2224-0721 (print), ISSN 2307-1427 (online)

Tom 18, N2 4, 2022



[ &)

MNepeaosa crarra / Leading Arficle

Information about authors

Mykytyuk Myroslava, MD, Professor, State Institution “V. Danilevsky Institute for Endocrine Pathology Problems of the NAMS of Ukraine’, Kharkiv, Ukraine; e-mail: myroslavamk@ukr.net; phone

+38 (067) 438 24 25; https://orcid.org/0000-0002-6169-7628

Yuri Karachentsev, MD, Professor, Member of the National Academy of Medical Sciences of Ukraine, Director, Head of the Surgical Department, State Institution “V. Danilevsky Institute of Problems of
Endocrine Pathology National Academy of Medical Sciences of Ukraine’, Kharkiv, Ukraine; https://orcid.org/0000-0003-1317-6999

Conflicts of interests. Authors declare the absence of any conflicts of interests and own financial interest that might be construed to influence the results or interpretation of the manuscript.

Mikityuk M.R.", Karachentsev Yu.l."?

" V.Ya. Danilevsky Institute of Problems of Endocrine Pathology National Academy of Medical Sciences of Ukraine,

Kharkiv, Ukraine
2 Kharkiv National Medical University, Kharkiv, Ukraine

Management of type 1 type 2 diabetes mellitus
in conditions of armed conflict

Abstract. Humanitarian crises caused by armed conflict are con-
stantly growing and present a serious global problem for health
systems. The war in Ukraine produced about 4.8 million Ukrai-
nians seeking temporary protection abroad, and about 10 million
received the status of an internally displaced person. The situation
in Ukraine has been described as potentially the largest migration
crisis in Europe in the last century. As humanitarian crises become
widespread and prolonged, chronic diseases such as diabetes mel-
litus (DM) are becoming increasingly important. Food security, li-
mited access to medical facilities and medicines, and economic dif-
ficulties are just some of the many difficulties faced by patients with
DM in armed conflict. The experience of the functioning of the
health care system in conditions of armed conflict, on the example
of other countries, shows that in the short term, the priority should
be to ensure the continuity of insulin therapy and access to basic
oral sugar-lowering agents and educational programs for patients
on self-control of the disease with an emphasis on recognizing the

symptoms of hypoglycemia, diabetic ketoacidosis, and dehydra-
tion; in the long term — ensuring access to high-quality medical
care and medicines, training of local and international providers
of medical services for the diagnosis and treatment of DM and its
acute complications and the development of clinical guidance on
the management of patients in these conditions. Humanitarian cri-
ses in the world have become more protracted, and therefore health
workers must go beyond direct basic primary care and address the
long-term health consequences of those affected. Further research
is needed to be aimed at improving the quality of medical care for
patients with DM in the context of the humanitarian crisis caused
by the armed conflict, there is a need to develop simplified, cost-ef-
fective models of monitoring the condition of patients, the quality
of medical care and the availability of medicines to patients in this
category.

Keywords: type 1 diabetes mellitus; type 2 diabetes mellitus;
management; armed conflict; humanitarian crises
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The role of vitamin D for the management
of depression in patients with autoimmune
thyroiditis and hypothyroidism
in the West-Ukrainian population

Abstract. Background. Hashimoto’s thyroiditis is known to be an essential endocrine disease that affects the
population and may lead to hypothyroidism. This disease is one of the most commonly spread autoimmune di-
seases. Hypothyroid patients frequently experience features of depression, which is prevalent among other symp-
toms in hypothyroidism. Data from recent research has proved that vitamin D deficiency may cause depression
manifestations in the population. The purpose of the work is to study the effect of cholecalciferol in patients with
autoimmune thyroiditis and hypothyroidism in the West-Ukrainian population on the level of depression in these
patients. Materials and methods. The study included the 56 patients with hypothyroidism (H) caused by autoim-
mune thyroiditis (AIT). We identified the severity of depression levels using the Hamilton Depression Rating Scale
(HDRS), which is reliable for depression assessment. Examinations were performed at the beginning and end of
the 12-week treatment. Results. In patients of group 1 who received cholecalciferol and L-thyroxine, the level of
depression on the Hamilton scale decreased by 40 %, while in patients who received only L-thyroxine, the level of
depression decreased by 25 %. In addition, there was a significant difference between patients in groups 1 and 2
after treatment (p = 0.003). That is, treatment with additional cholecalciferol on the background of L-thyroxine was
more effective than treatment with L-thyroxine alone. Analyzing the effect of treatment in patients with Group 1 with
the additional appointment of cholecalciferol on the background of L-thyroxine in 21.4 % of patients disappeared
depression. In addition, there was a decrease in depression in other patients in this group. Thus, in the remaining
patients the severity of depressive manifestations decreased from moderate severity to mild depressive disorder.
At the same time, after treatment only L-thyroxine depressive disorder of moderate severity decreased from 78.6
to 35.7 % to mild depressive disorder, but complete disappearance of depression in this group of patients after
treatment was not observed. Conclusions. Vitamin D supplementation should be administered in patients suf-
fering from autoimmune thyroiditis and hypothyroidism which may correct depression disorders in these patients.
Keywords: autoimmune thyroiditis; hypothyroidism; depression

Introduction

Hashimoto’s thyroiditis (HT) is known to be an essen-
tial endocrine disease that affects the population and may
lead to hypothyroidism. This disease is one of the most
commonly spread autoimmune diseases [1]. Hypothyroid
patients frequently experience features of depression which
is prevalent among other symptoms in hypothyroidism [2].
In terms of thyroid disorders, the rate of depression mode-
rately increases in patients suffering from hypothyroidism

[3]. Different polymorphisms of vitamin D receptors highly
contribute to the risk development for autoimmune thyroi-
ditis (AIT) [4]. Data from recent research has proved that
vitamin D deficiency may cause depression manifestations
in the population generally [5].

The insufficient intake of vitamin D is a common prob-
lem throughout the world, and people lacking vitamin D
are more likely at the risk of experiencing major depressive
disorder. Therefore, vitamin D supplementation is endorsed
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for the prevention and treatment of such conditions. Al-
though preclinical investigations demonstrate limited and
poor-quality evidence on the feasible mechanisms based on
the favorable effects of vitamin D for the therapy of these
disorders, most of the clinical studies prove that vitamin D
supplementation enhances the reduction of the prevalence
of depressive symptoms [6].

The purpose of our work is to study the effect of chole-
calciferol in patients with autoimmune thyroiditis and hy-
pothyroidism in the West-Ukrainian population on the level
of depression in these patients.

Materials and methods

Our research was conducted in Bukovinian State Medi-
cal University, Chernivtsi Regional Endocrinology Center,
and 1. Horbachevsky Ternopil National Medical University,
Ukraine.

The study included the 56 patients with hypothyroi-
dism (H) caused by AIT. These patients were distributed
into two groups. Patients in the first group (n = 28) received
cholecalciferol at a dose of 4000 1U/day (28,000 IU/week)
and L-thyroxine (88.39 £ 12.70 pg/day). Patients in the
second group (n = 28) were prescribed only L-thyroxine
(87.50 £ 12.73 pg/day). Examinations were performed at
the beginning and end of the 12-week treatment.

Ethical approval. The study fully ensured standards
described in the 1975 Helsinki Declaration of Human
Rights (amended in 2008). The participants completed and
signed a written informed consent before enrolling volun-
tarily in the research. Ethical approvation was taken from
I. Horbachevsky Ternopil National Medical University
(09.02.2021).

To diagnose hypothyroidism, we were guided by recom-
mendations required by the American Association of Clini-
cal Endocrinologists 2012 [7]. The corresponding clinical
features were considered when verifying AIT, namely the
results of a sonogram of the thyroid gland (reduced echoge-
nicity) and circulating antibodies antibodies against thyroid
peroxidase (TPO-AD), and thyroglobulin (TG-Ab) were de-
tected.

Blood samples from patients and controls were taken
in the morning (8 to 10 am) after a night fast. Using STAT
FAX303/Plus analyzer (Awareness Technology Inc, USA),
we determined levels of free thyroxine (fT4, normal range
6.0—13.0 pmol/L for males and 7.0—13.5 pmol/L for fe-
males), thyroid-stimulating hormone (TSH, normal range
0.3—4.0 mIU/mL), TPO-Ab (normal range 0—30 IU/mL)
and TG-Ab (normal range 0—65 IU/mL) in each individual
who participated in the study.

Study exclusion criteria were the following: less than 18
years of age, malignancy, inflammation resulting from rheu-
matic diseases or acute/chronic infection, diabetes mellitus,
vascular, chronic diseases of liver and kidneys, and pregnan-
cy. Individuals administering drugs that could influence thy-
roid function were also ruled out from the study.

We identified the severity of depression levels using the
Hamilton Depression Rating Scale (HDRS), which is re-
liable for depression assessment. Due to the HDRS, scores
of 0—7, 8—13, 14—18, 19-23, and 23—53 are regarded as
normal, mild, medium, severe, and very severe, correspon-
dingly [8].

Statistical analysis. Quantitative variables were assessed
for normality using the Shapiro-Wilk test (when the num-
ber of subjects was less than 50) or the Kolmogorov-Smir-
nov test (when the number of subjects was more than 50).
Quantitative variables following non normal distribution
were described using median (Me) and lower and upper
quartiles (Q1—Q3). Comparisons of three or more groups
on a quantitative variable whose distribution differed from
normal were made using the Kruskal-Wallis test and Dunn’s
criterion with Holm correction as a post-hoc method. Com-
parison of frequencies in the analysis of multifield contin-
gency tables was performed using Pearson’s chi-square test
(for expected values greater than 10).

Results

In our study, after treatment, there was a decrease in
TPO-AbD levels in patients taking cholecalciferol and L-thy-
roxine by 31.25 % (p < 0.001), while in patients in group 2
who received only L-thyroxine, TPO-Ab levels decreased
only at 14.1 % (p < 0.05)

When comparing TG-Ab after treatment, there was a
significant decrease in TG-Ab levels in patients receiving
cholecalciferol and L-thyroxine by 18.84 % (p < 0.001),
while in patients of group 2 who received only L-thyroxine
TPO-Ab level decreased by only 8.82 %.

We performed analysis of depression conditioning on
presence of depression on the Hamilton scale.

After treatment, there is a decrease in the level of de-
pression on the Hamilton scale (Table 2). Thus, in patients
of group 1 who received cholecalciferol and L-thyroxine,
the level of depression on the Hamilton scale decreased by
40 %, while in patients who received only L-thyroxine, the
level of depression decreased by 25 %. In addition, there was
a significant difference between patients in groups 1 and 2
after treatment (p = 0.003). That is, treatment with addi-
tional cholecalciferol on the background of L-thyroxine was
more effective than treatment with L-thyroxine alone.

Table 1. Analysis of Depressive disorders on the Hamilton scale

. . Depression
Variable Categories P
Me Q,-Q, n
Group 1 15.00 | 12.00-16.00 28 *

Presence < 0.001
of depreSSion GrOUp 1 after treatment 9.00 7.00-12.00 28 pGroup1 after treatment — Group 1 < 8881
on the _ pGroup 2 — Group 1 after treatment <VU.
Hamilton scale GrOUp 2 16.00 15.00-16.00 28 pGroup 2 affter treatment — Group 1 after treatment — 0.003

Group 2 after treatment | 12.00 | 12.00-15.00 28 Paroup 2 afer reatment — Group 2 = O-

Note: * — differences are statistically significant (p < 0.05).
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Table 2. Analysis of Depressive disorders on the Hamilton scale

Presence of depression on the Hamilton scale
Variable Categories Group 1 after Group 2 after P
Group 1| “4reatment | GrOUP 2 | “yreatment
Mild depressive N
diSOF:’der 8 (28.6) 22 (78.6) 6 (21.4) 18 (64.3) ) < 0.001
Presence Group 1 — Group 1 after treatment
of depression Normal 0 (0.0) 6 (21.4) 0(0.0) 0(0.0) . <0.00
Depressive disorder Group 1 after 1reat£\ent — Group 2
of moderate severity | 20 (71:4) 0 (0.0) 22(78.6) | 10(35.7) stor treatmeny = 0-001
Note: * — differences are statistically significant (p < 0.05).
Analyzing the effect of treatment in patients with 17.50
Group 1 with the additional appointment of cholecalciferol ' | ' | '
on the background of L-thyroxine in 21.4 % of patients de- 15.00 - H15.00 | i
pression disappeared. In addition, there was a decrease in
depression frequency in other patients in this group (Fi- S1250F ° 12.00
gure 1). Thus, in the remaining patients the severity of de- § i
pressive manifestations decreased from moderate severity to GEJ_ 10.00 | o 4
mild depressive disorder. o .
At the same time, after treatment only L-thyroxine de- 7.50 .
pressive disorder of moderate severity decreased from 78.6 !
to 35.7 % to mild depressive disorder, but complete disap- : : : :
pearance of depression in this group of patients after treat- Group 1 G;c%%)ep; 1 Group2 ch]ngepr 2
treatment treatment

ment was not observed (Figure 2).

Discussion

Thyroid dysfunctions are closely connected with dete-
rioration of brain function [9]. The valuable insights on the
correlation between thyroid hormone deficiency with de-
pression have been discussed substantially in various credi-
ble studies [10]. Symptoms of depression tend to coincide in
patients. However, the treatment of these disorders remains
controversial. Vitamin D deficiency is a universal health
problem. The prevalence of vitamin D deficiency or insuffi-
ciency exceeds a billion worldwide [11].

HT is considered chronic autoimmune thyroiditis cha-
racterized by lymphocytic infiltration, which may finally
lead to the progressive loss of thyroid tissue [12]. Some
studies prove that HT is the outcome of the united action
of genetic susceptibility and environmental factors, but
the precise route is still not established [13]. One study
claimed that in the case of normal thyroid function, HT
could also induce neuro-inflammation, resulting in emo-
tional alterations [14]. Nowadays, the possibilities of HT
are also growing; most subjects do not manifest symptoms,
which are commonly observed at the physical checkups.
Some studies have favored that vitamin D produces a pos-
itive protective influence on autoimmune thyroid diseases
and thyroid malignancies, but the mechanism has not been
elucidated [15].

One essential of the numerous functions of vitamin D
implies the regulation of nervous system development in
addition to being involved in calcium regulation [16]. Vi-
tamin D attenuates and easily passes the blood-brain bar-
rier [17]. Vitamin D receptors are widely found in different
brain sites, i.e., the prefrontal cortex, substantia nigra, and
hypothalamus [18]. Vitamin D is also closely connected
with the synthesis of monoamines, such as serotonin, do-
pamine, and norepinephrine, and its steroid properties en-

Presence of depression on the Hamilton scale

Figure 1. Analysis of Depressive disorders
on the Hamilton scale

100.0
R
- 75.0
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c
(0]
=}
g 50.0
©
=
© 25.01
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o
0.0- 0.0}
Group 1 Group 1 Group 2 Group 2
after after
treatment treatment

Presence of depression on the Hamilton scale

Mild depressive disorder B Normal
B Depressive disorder of moderate severity

Figure 2. Analysis of Depressive disorders
on the Hamilton scale

able modulating the activity of GABA-A receptors [18—20].
Furthermore, several studies have suggested that vitamin D
is related to nerve growth factor enhancement and antioxi-
dant effects in the central nervous system [20—22].

A meta-analysis identified the impact of vitamin D ad-
ministration on depression. The findings reported positive
results of vitamin D for the treatment of depression [23].

In our study, after treatment with additional adminis-
tration of cholecalciferol on the background of L-thyroxine
in 21.4 % of patients disappeared depression. In addition,
there was a reduction in depression in other patients in this
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group. Thus, in the remaining patients the severity of de-
pressive symptoms decreased from moderate to mild depres-
sive disorder.

For the last three decades, a complicated association
between peripheral immune activation, neuroinflamma-
tion, and changes in brain circuits linked to depression has
been traced [24]. In this respect, vitamin D is considered a
well-known regulator of innate immunity that acts not only
as transcription and a growth factor but also interacts with
surface receptors in different immune cells [25]. Therefore,
numerous positive effects of vitamin D influencing the be-
havior might be related to its capability to stabilize periphe-
ral and central nervous system (CNS) immune responses.

In the CNS, 1.25(OH)D is often connected with neu-
roprotective properties. A contemporary study proved that
1,25(OH)D was able to inhibit serotonin reuptake transport
and monoamine oxidase-A gene expression (MAO-A; the
enzyme which is in charge of monoamine degradation) in
cultured rat serotonergic neuronal cell lines, presupposing
that calcitriol tends to act similarly to antidepressants [26].

In our study after treatment, there is a decrease in the
level of depression on the Hamilton scale. Thus, in patients
of Group 1 who received cholecalciferol and L-thyroxine,
the level of depression on the Hamilton scale decreased by
40 %, while in patients who received only L-thyroxine, the
level of depression decreased by 25 %. That is, treatment
with additional cholecalciferol on the background of L-thy-
roxine was more effective than treatment with L-thyroxine
alone. Regarding that vitamin D contributes to neuro-im-
munomodulation and neuroplasticity and may decrease
oxidative stress [27], it has been researched as a possible
strategy for the treatment of symptoms of depression.

Conclusions

Considering our results, vitamin D3 supplementation
should be administered in patients suffering from autoim-
mune thyroiditis and hypothyroidism which may correct
depression disorders in these patients.

Ongoing and prospective long-term randomized con-
trolled trials are necessary to gain insight into the effective-
ness and safety of Vitamin D as a therapeutic agent for these
thyroid disorders and the prevention and treatment of neu-
rological complications.
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KamuwHa 1.1,

TepHOMIAbCbKK HALOHOABHUN MEAMYHWA YHIBEPCUTET iMeHI 1.51. [op6QYeBCHKOro, M. TepHorinb, YkpaiHa

PoAb BiTaMiHy D B AiKyBOHHI Aenpecii B NALEHTIB 3 ABTOIMYHHUM TUPEOIAUTOM
TA FiNOTUPEO3OM Y HOCEAEHHS 30XiAHOYKPATHCbKOro periony

Pe3iome. Axmyaavnicms. Bigomo, 1o TtupeoinuT Xalmumo-
TO € ONHUM i3 HalfyacTillNX EHIOKPUHHUX 3aXBOPIOBAHb, SIKE
Bpaka€ HaceJeHHs Pi3HUX BiKOBUX TPyM i MOXe MPU3BECTU 10
rimotupeosy. Lls marosoris TakoxX € OJHUM i3 HalOiIbII TOLIHU-
PEHUX aBTOIMYHHUX 3aXBOpIOBaHb. [lallieHTH 3 TIMOTHPEO30M
YacToO BiM4yyBalOTh O3HAaKM JEMpecii, sika mepeBaxae cepen iH-
IIUX CUMIITOMIB TiroTupeosy. JlaHi ocTaHHIX TOCTiIKeHb 10Be-
Jy, 1o aediuut Bitaminy D Moxe BUKITMKATH MPOSIBU JeTpecil
B HaceJieHHs. Memoro TIpoBeZIeHOi POOOTU € BUBUEHHS BIUTUBY
XoJeKanblu(epoay B MALi€HTIB 3 aBTOIMYHHUM THPEOITUTOM
Ta TiIOTUPEO30M Yy 3aXiTHOYKpaiHChKill MOIyJIsiLii Ha piBeHb Je-
npecii y ux xBopux. Mamepiaau ma memodu. Y TOCITiIKEHHS
Oy/IM BKJIIOYEHi 56 Mali€HTIB i3 TiMOTUPEO30M, CIIPUYMHEHUM
aBTOIMyHHUM THUpeoinuToM. BusHauaniu HasiBHICTb Aempecii 3a
nornomoroto wkanu aenpecii [aminsrona (HDRS). O6ctexeH-
HSI IPOBOAMJIM Ha TOYaTKy Ta B KiHLI 12-TUXHEBOTO JiKyBaH-

Hs1. Pesyasbmamu. Y TMalli€HTIB MepIoi rpymnu, siKi OTpUMYBaIn
xoJieKanbuudeposa i L-TUpOKCUH, piBeHb AEMpecii 3a IIKaxoio
Taminbrona 3Hu3uBcs Ha 40 %, Toli sIK y MALi€HTIB, SIKi OTpU-
MYBaJIY TUTBKU L-TUPOKCHH, piBeHb jerpecii 3Hu3uBcs Ha 25 %.
Kpim Toro, croctepiramacst BiporigHa pi3HHMIISI MiX Tamli€eHTa-
MU MepIIoi Ta Apyroi rpyn micast JdikyBaHHs (p = 0,003). I1pu
aHafi3i edekTy JiKyBaHHS B Malli€EHTIB MNepIIOi IPyNu 3 A0JaT-
KOBUM TPU3HAYEHHSIM XoJeKaabuudepony Ha Ti L-TupoKcuny
y 21,4 % nauieHTiB 3HUKIU TIposiBU aernpecii. Kpim Toro, cro-
cTepirajaocsi 3HUXKEHHSI piBHSI JAeIpecil y pellTu Mali€eHTiB i€l
rpynu. CTyImiHb BUPaXXEHOCTI JIeTTPECUBHUX MPOSIBIB 3MEHIIIUB-
csI Bil cepeHbOI TSIXKKOCTI JIO JIETKOTO NEMPECUBHOTO PO3JIay.
Bucnoeku. TlauientaMm, siKi cTpaXaaloTh Ha aBTOIMYHHUIA THUpe-
OiWT Ta TIMOTUPEO3, CJia Mpu3HayaTu BiTaMiH D, 110 cripusie
3MEHIIEHHIO B HUX YaCTOTU JIETIPECUBHUX PO3JIA/IiB.

Ki040Bi c10Ba: aBToiMyHHUIA TUPEOINNUT; TIIIOTUPEO3; AETPECIst
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Morphological features
of thyroid benign focal neoplasms
in Graves’ disease

Abstract. Background. The morphology of the thyroid in Graves’ disease (GD) can be quite diverse: in most
cases there is a diffuse enlargement of the thyroid gland (diffuse goiter), in some cases it is not increased, and in
some patients there are focal neoplasms (single and multiple), including thyroid cancer. According to some studies,
in patients with Graves’ disease, focal formations are observed in 10-31% of cases, and in half of the patients,
they appear against the background of treatment with thionamides. The purpose of this paper was a retrospective
study of the morphological features of benign thyroid neoplasms due to GD based on the results of cytological and
pathomorphological studies. Materials and methods. The study was performed at the clinic of the State Institution
“V.P. Komisarenko Institute of Endocrinology and Metabolism of the National Academy of Medical Sciences of
Ukraine”. All patients with GD who were operated in the Department of Endocrine Surgery from 2008 to 2019 (1854
patients) were first selected, and then those who had benign focal formations according to the pathohistological
examination were selected among them. Results. The frequency of benign thyroid neoplasms in GD is 22.06 % in
women aged 26 to 55 years. Cytological studies of thyroid neoplasm punctures in GD made it possible to clearly
establish their benign nature (BSRTC-2) in 94.3 % of cases. In 5.7 % of cases, cytological categories BSRTC-3
and BSRTC-4 were established. Positive immunocytochemical reactions to thyroid peroxidase and thyroglobulin,
and the absence of CK17 allow avoiding cytological overdiagnosis, characteristic of benign neoplasms of the
thyroid gland in GD. Conclusions. Among pathohistologically confirmed benign neoplasms of the thyroid gland in
GD, in 63.82 % of cases a histological diagnosis was adenomatous or colloid goiter, in 34.47 % — signs of nodular
hyperplasia, in 1.71 % — the presence of thyroiditis.

Keywords: Graves’ disease; thyroid gland; benign thyroid neoplasms

Introduction

Graves’ disease (GD) is an organ-specific autoimmune
disease which develops as a result of the production of the
pituitary thyrotropin receptor autoantibodies (TSH-R-Ab)
(immunoglobulin (Ig) G), clinically manifested by damage
to the thyroid gland with the development of thyrotoxicosis
syndrome, in combination with extrathyroid pathology (en-
docrine ophthalmopathy, pretibial myxedema, acropathy,
lesions of the cardiovascular system accompanied by tachy-
cardia, etc.) [1-3].

In recent decades, there has been an in-depth study of
the etiology and pathogenesis of GD. This pathology has
been proven to be a classic autoimmune disease, in which
the synthesis of antibodies to the pituitary thyroid stimu-
lating hormone (TSH) and their binding to the a-subunit
of the TSH receptor on the thyrocyte membrane leads to
the activation of adenylate cyclase, an increase in the level
of intracellular cAMP, resulting in phosphorylation of pro-
tein kinase A and activation of various transcription factors.
These processes cause an increase in iodine uptake, an in-
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crease in the synthesis of thyroid peroxidase and thyroglo-
bulin, and, ultimately, thyroid hyperfunction [4, 5].

The morphology of the thyroid in Graves’ disease can
be quite diverse: in most cases there is a diffuse enlargement
of the thyroid gland (diffuse goiter), in some cases it is not
increased, and in some patients there are focal neoplasms
(single and multiple), including thyroid cancer [6, 7]. Ac-
cording to some studies, in patients with Graves’ disease,
focal formations are observed in 10—31 % of cases [8], and
in half of the patients they appear against the background of
treatment with thionamides [9].

A factor contributing to the nodule formation in GD is
considered to be a long course of the disease, during which
there is a decrease in the ratio of epithelium and stroma in
the gland, sclerosis and replacement of follicles with con-
nective tissue, the accumulation of a denser colloid adjoins
directly to the wall of the follicles, there are practically no
vacuoles in it. In parallel, in A- and B-cells, a pronounced
proliferative activity with high polymorphism is observed.
At the same time, in the thyroid gland, due to the uneven
development of hyperplastic processes, dystrophic changes
in the epithelium occur (the volume and vascularization of
the cytoplasm increases, the nucleus shrinks), which ends
with the development of fibrous connective tissue with hy-
alinization and possible further necrotization of the lobule
or parenchymal fragment. The focus of proliferation with
colloid and necrosis in the center indicates the presence of a
macrofollicular node [10, 11].

The purpose of the paper is a retrospective study of the
features of the morphology of benign thyroid neoplasms due
to Graves’ disease based on the results of cytological and
pathomorphological studies.

Materials and methods

The study was performed at the clinic of the State In-
stitution “V.P. Komisarenko Institute of Endocrinology and
Metabolism of the National Academy of Medical Sciences
of Ukraine”. The study was conducted in accordance with
the ethical standards of the committee responsible for such
experiments (part of the institution or national committee),
the main provisions of “Convention for the protection of
Human Rights and Dignity of the Human Being with re-
gard to the Application of Biology and Medicine: Conven-
tion on Human Rights and Biomedicine (ETS No. 164)”,
adopted by the Council of Europe 04.04.1997, Good Clini-
cal Practice of 1996, Helsinki Declaration of the World
Medical Association “Ethical principles of medical research
with human participation as an object of study”, adopted in
June 1964 and revised from 1975 to 2008, and the order of
the Ministry of Health of Ukraine “About approval of the
Procedure for carrying out clinical testing of medicines and
examinations of materials of clinical testing and the Stan-
dard regulations on the commissions on questions of ethics”
Ne 66 of 13.02.2006, as amended in 2006—2008.

Through the Medical Information System “TerDep”
[12] from the clinical database of the State Institution
“V.P. Komisarenko Institute of Endocrinology and Me-
tabolism of the National Academy of Medical Sciences of
Ukraine”, all patients with GD who were operated in the
Department of Surgery of the Endocrine Glands from 2008

to 2019 (1854 patients) were first selected, and then those
who had benign focal formations according to the pathohis-
tological examination were selected among them.

Diagnosis of Graves’ disease was established on the ba-
sis of laboratory data, which included the determination of
pituitary TSH and stimulating TSH-R-Ab. The determina-
tion of TSH was carried out in the laboratory of the State
Institution “V.P. Komisarenko Institute of Endocrinology
and Metabolism of the National Academy of Medical Sci-
ences of Ukraine” by chemiluminescent immunoassay on
the Cobas e411 analyzer, Roche Diagnostics GmbH, Ger-
many. Reference values for TSH were 0.27—4.20 uU/ml.
The study of TSH-R-Ab was performed by chemilumines-
cent immunoassay using a Siemens Architect 2000 analyzer.
The reference values for TSH-R-Ab were > 0.55 U/L for a
positive result, and < 0.55 U/L for a negative result.

To determine the thyroid volume and structure, an ultra-
sound examination, fine-needle aspiration biopsy (FNAB)
with cytological and immunocytochemical studies of punc-
tates was performed. Ultrasound examination of all patients
was carried out by ultrasonic devices TOSHIBA Nemio
(SSA-550A) and TOSHIBA Nemio XG (SSA-580A) (Ja-
pan) with electronic linear transducers with a frequency of
9—12 MHz and a scanning surface length of 6 cm.

Cytological studies were performed on the material of
FNAB. The obtained punctates were fixed with methanol
and stained by the Romanovsky-Giemsa’s method. The
results of the cytological study were evaluated using the
Bethesda System for Reporting Thyroid Cytopathology
(BSRTC) with a clear systematization of cytological fin-
dings and a specific clinical and diagnostic algorithm for
managing patients for each of them [12]. For immunocy-
tochemical studies, an indirect immunoperoxidase method
was used using mouse monoclonal antibodies against thy-
roid peroxidase (TPO) (TPO-47, Dako Cytomation, Den-
mark, dilution 1 : 50), thyroglobulin (Tg) (DAK-Tg6, Dako,
Denmark) and cytokeratin-17 (CK17) (E3, DakoCytoma-
tion, Denmark, 1 : 50 dilution). Antibodies against mouse
v-globulins labeled with horseradish peroxidase (DakoCy-
tomation, Denmark, 1: 100) were used as secondary ones.

Analysis of the histological structure of benign thyroid
neoplasms in Graves’ disease: all pathological documen-
tation (macro-description of biopsy specimens, micro-de-
scription of preparations) in relation to these 409 patients
with benign focal formations of the thyroid gland were
checked, as well as additionally reviewed and analyzed ar-
chival histological specimens (stained with hematoxylin and
eosin) according to recommendations of the latest editions
of the WHO Histological Classification of Thyroid Tumors
[13].

Results

According to the results of a pathomorphological study,
benign neoplasms of the thyroid gland were detected in 409
(22.06 %) patients out of 1854 operated patients with GD.
The group consisted of 363 women and 46 men with an ave-
rage age of 47.52 £ 7.01 years. The main characteristics of
the group of patients and their comparison with the charac-
teristics of patients without focal nodular neoplasms are
presented in Table 1.
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Table 1. The main characteristics of the group of patients and their comparison
with those without focal nodular neoplasms

Patients with focal nodular

neoplasms, n =
Gender, m/w 46/363
Age, years 47.52 £ 7.01
Age at the diagnosis of GD, years 46.6 +2.4
Disease duration, years 5.50 + 0.91
Total thyroid volume, cm? 41.85 + 6.67
TSH, pU/ml 0.31 £0.15
TSH-R-Ab, U/L 11.43 + 2.54

Patients without focal
nodular neoplasms, n = 60

409
5/56

40.79 + 8.66 > 0.05

35.3+4.3 <0.05
410+ 1.23 > 0.05
39.52 + 5.83 > 0.05
0.43+0.17 > 0.05
14.33 + 4.22 > 0.05

Note: P — significant difference of indicators according to Student’s criterion.

As can be seen from Table 1, in patients with focal no-
dular neoplasms and diffusely enlarged gland, no significant
differences were found in terms of such indicators as age,
duration of the disease, levels of TSH and TSH-R-Ab. The
significant difference was observed in one indicator — the
age at which Graves’ disease was diagnosed. Thus, patients
with focal nodular neoplasms were significantly older at the
onset of Graves’ disease than patients with diffusely altered
glands without focal nodular neoplasms.

Further, the age distribution of patients with focal thy-
roid neoplasms due to Graves’ disease was analyzed.

As can be seen from Table 2, among patients with GD
and benign neoplasms predominated patients aged 26—55
years, which was 49.63 %, the second largest group was pa-
tients aged 56 to 65 years — 29.58 % of the total number of
patients with benign thyroid neoplasms.

Out of 409 patients with GD and thyroid nodule forma-
tions, 123 patients were referred for FNAB. The results of
cytological examination are presented in Table 3.

Analysis of cytological examinations of FNA smears of
histologically confirmed benign focal neoplasms of the thy-
roid gland in Graves’ disease showed that the frequencies
of cytological conclusions were distributed as follows. Cy-
tological conclusions — nodular goiter and adenomatous

Table 2. Distribution of patients
with benign neoplasms of the thyroid gland by age

Number Number
of patients (n) of patients (%)

0-18 6 1.47
19-25 10 2.44
26-55 203 49.63
56-65 121 29.58
Older than 65 69 16.87
Total 409 100

node (BSRTC-2) were established in 116 cases (94.3 %).
A detailed analysis of the cytological characteristics of these
benign neoplasms showed that nodular and adenomatous
nodes were characterized by a classic cytological picture for
them, with the presence of epithelial layers of regular archi-
tecture without signs of atypia and polymorphism, with the
presence of colloid or cystic degeneration. A pronounced
immunocytochemical reaction of almost all epithelial cells
with antibodies to Tg and TPO and the absence of CK17 was
shown (Fig. 1).

‘ 1
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Figure 1. Cytological picture of adenomatous nodular goiter: A — FNA smears stained according
to the Romanovsky-Giemsa’s method; B — bright positive immunocytochemical reaction
with antibodies to Tg, x 400
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Table 3. Distribution of patients with GD
and focal thyroid neoplasms depending
on the results of cytological examination

Number
2

116 94.3
2 2.4
5 3.3

Figure 2. Cytological signs of epithelial polymorphism
in the FNA smears of a histologically confirmed
benign neoplasm in GD. Romanovsky-Giemsa’s

staining, x 400

Cytological signs of atypia of the follicular epithelium
(BSRTC-3) were identified in 2 examined cases (2.4 %).
These cases were characterized by polymorphism and signs
of a certain atypia of a part of the follicular epithelium, and
an intense immunocytochemical reaction of most part of the
epithelium with antibodies to Tg and TPO and the absence
of CK17, indicating their benign nature (Fig. 2) [14, 15].

Cytological signs of microfollicular tumor structure
were identified in 5 cases (3.3 %). At the same time, a large
number of microfollicular structures were found in the FNA
smears, the immunocytochemical reaction with antibodies
to TG and TPO was also positive in most thyrocytes, and

Table 4. The structure of histological variants
of thyroid benign nodular neoplasms in GD

Number

Histological variant (gfb;i?:tse (';lfué:;ls):;
number) (%)
GD with adenomatous goiter 104 25.43
GD adenoma 70 17.11
GD colloidal multinodular goiter 78 19.07
GD cysts/nodular hyperplasia 141 34.47
GD solid node 9 2.20
GD thyroiditis 7 1.71
Totally 409 100

CK17 was not detected, indicating a benign nature of tumor
(Fig. 3). In 2 of these cases, a histological diagnosis of ade-
noma was made, which did not contradict the cytological
conclusion. In the other 3 cases, a multinodular goiter with
signs of epithelial oxyphilia was histologically diagnosed.

The data of a histological examination of 409 patients
with benign thyroid neoplasms who underwent thyroidec-
tomy were analyzed. The distribution of patients with mor-
phologically confirmed benign neoplasms by age is shown
in Table 4.

As can be seen from Table 4, the total number of cases of
adenomatous goiter was 104, which accounted for 25.43 %
of the total number of patients. The number of adenomas
was 70 cases, of which 6 were B-cell adenomas, which ac-
counted for 8.57 % of the total number of adenomas. Nodu-
lar hyperplasia was recorded in 141 cases 34.47 %, of which
20 cases were thyroid cysts. Solid nodules were found in 9
cases, which accounted for 2.20 % of the total number of
patients, and thyroiditis — in 7 cases, which accounted for
1.71 %. Thus, among the morphologically confirmed be-
nign neoplasms in GD, cases of nodular hyperplasia and
adenomatous goiter prevailed.

Discussion

Thus, the incidence of benign formations in GD in our
study was 22.06 % of the total number — 1854 operated
patients with GD. Among the group of patients, women

% o 80
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Figure 3. Cytogram of punctates of tumors of microfollicular structure: A, B — microfollicles in FNA smears;
Romanovsky-Giemsa’ staining; C — positive immunocytochemical reaction of punctate cells with antibodies
to TPO, x 200
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aged 25—55 years prevailed, which accounted for 49.63 %,
the second largest group was the group of patients aged 56
to 65 years — 29.58 % of the total number of patients with
benign neoplasms of the thyroid gland. It should be noted
that TSH-R-ADb levels of patients do not correlate with the
presence of thyroid nodular neoplasms. It was found that
patients with focal neoplasms were significantly (P < 0.05)
older at the time of the onset of Graves’ disease than patients
with diffusely altered gland without focal neoplasms.

According to cytological studies of punctates from 123
histologically confirmed benign focal neoplasms of the thy-
roid gland in Graves’ disease, BSRTC-2 was found in 94.3 %.
At the same time, BSRTC-3 and BSRTC-4 were cytological-
ly detected in 5.7 % of cases. In the epithelium of the FNA
smears of these formations, signs of polymorphism and atypia
were identified. According to the literature, Graves’ disease
is characterized by polymorphism and pronounced atypia of
the epithelium, and nuclear characteristics even mimic signs
of papillary carcinoma [16, 17]. Incorrect cytological hyper-
diagnosis in such cases was avoided by conducting additional
immunocytochemical studies to determine markers that in-
crease the accuracy of cytological diagnosis (TG, TPO, and
CK17), which demonstrated the benign nature of neoplasms.

The results of the morphological study made it possible
to establish that cysts/nodular hyperplasia develop main-
ly against the background of GD, which accounted for
34.47 % of the total number of focal formations. The second
most frequent ones were adenomatous nodes, the frequency
of which was 25.43 %. Thus, the study made it possible to
establish the features of the cytological and pathomorpho-
logical characteristics of thyroid benign neoplasms.

Conclusions

The incidence of benign thyroid neoplasms in Graves’
disease is 22.06 % of women aged 26 to 55 years. Cytologi-
cal studies of thyroid neoplasm FNA smears in GD made it
possible to clearly establish their benign nature (BSRTC-2)
in 94.3 % of cases. In 5.7 % of cases, cytological categories
BSRTC-3 and BSRTC-4 were identified.

Positive immunocytochemical reactions to TPO and Tg,
and the absence of CK17 allow avoid cytological overdiag-
nosis, characteristic of benign thyroid neoplasms in GD.

Among the pathohistologically confirmed benign thy-
roid neoplasms in GD, in 63.82 % of cases a histological
diagnosis of adenomatous or colloid goiter was established,
in 34.47 % — signs of nodular hyperplasia, and in 1.71 % —
the presence of thyroiditis.
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MopdoAnoriyHi o0co6AMBOCTI AOBPOAKICHMUX BOrHULLLEBUX HOBOYTBOPEHb
LMTOMNOAIGHOT 30A03U Npu XBOpo©6i lpersca

Pestome. Axmyaavnicmos. Mopdosoriuti 3MiHM IATONOAIGHO]
3a503u 1pu xBopoOi [peiisca (XI') nocuth pisHOMaHITHI: y OiJib-
IIOCTi BUNAAKIB CIIOCTEPIiraeThest NMMy3HE 30UTbIIEHHS IIUTOIIO-
nioHOT 3ay103u (Andy3HU 300), B OKPeMUX BUIAAKAX 3a703a He
30iJIbllIeHa, a B AESIKUX MalliEHTIB HasiBHi BOTHUILEBI MOOIMHOKI
i1 MHOXXMHHI HOBOYTBOPEHHSI, BKJIIIOYHO 3 PaKOM IIUTOMOAIOHOT
3aJ1031. 3a JaHUMU JESIKUX JOCHiIKeHb, Yy mamieHTiB i3 XI' Bor-
HUIEBI YTBOpeHHs croctepiraiotbest B 10—31 % Bumnankis, a B
MOJIOBUHU XBOPUX BOHU BUHMKAIOTh Ha TJ1i JTiKyBaHHSI TiOHaMia-
Mu. Memoro 1aHOi poOOTH OYJIO PETPOCTIEKTBHE BUBYEHHS MOP-
(bOJIOTIYHNX 0COOIMBOCTEN TOOPOSIKICHUX HOBOYTBOPEHbD IIMTO-
noaioHoi 3a7103u BHacHigok XI' 3a pesynbsraTaMy HUTOJOTIYHMX i
naroMopdoJIoriyHuX AocHiakeHb. Mamepiaiau ma memoou. [1o-
cJipKeHHs npoBefeHo B KiiHili Y «IHetutyt enpokpuHosorii
Ta 00MiHy peuoBuH iMeHi B.I1. Komicapenka HAMH VYxpainu».
CrnouaTtky Oyau BimiOpani Bci mauieHTu i3 XI, mpoornepoBaHi y
BiZUTiIEHHI eHIOKpUHHOI Xipyprii 3 2008 mo 2019 p. (1854 nauieH-
). [ToTiM cepen Hux Oyiu BifiOpaHi Ti, y KOTo 3a JaHUMMU I1aTO-

TiCTOJIOTIYHOTO TOCTiIXKEeHHS OyI1 TOOPOSIKiICHI BOTHUILIEBi YTBO-
peHHs1. Pesyabmamu. Yactora mOOpPOSIKICHUX YTBOPEHD IIIUTOIO-
nioHoi1 3amo3u ipu XI' ctanoBuTh 22,06 % y XiHOK BiKOM Big 26
110 55 pokiB. LluTosioriuHi 1ocaiIKeHHsI TyHKTaTiB HOBOYTBOPEHb
UTONOAIOHOT 3a103u Tipy X' MO3BOJIMIIM YiTKO BCTAHOBUTH iX
no6posikicHy npupoay (BSRTC-2) B 94,3 % Bunazkis. Y 5,7 %
BUIIaAKiB OyJaM BCTaHOBJIEHi LMTOJOTIYHI Kateropii BSRTC-3
i BSRTC-4. YHUKHYTH LIMTOJIOTIUHOI TilepAiarHOCTHKHM, sIKa €
XapaKTepHOIO I AO0OPOSIKICHUX HOBOYTBOPEHb IIUTOTOMIOHOT
3aj1031 Ha TJ1i XI, 103BOJISIIOTh TTO3UTHUBHI iIMyHOLIMTOXIMIYHI pe-
aKlIii 10 TUPeOiaHOI MepOKCHUIA3U i TUPEOTI00YIiHY i BIICYTHICTh
LIMTOKepaTuHY-17. Buchnoexu. Cepen maTOTiCTONIOTIYHO TiATBEP-
IKEHUX TOOPOSIKICHUX HOBOYTBOPEHbB IITUTOTIONIOHOT 3271031 TIPU
XTI'y 63,82 % BUManKiB riCTOJIOTIYHUM AiarHO30M OYB agecHOMA-
TO3HUIT 200 KONOinHMit 300, y 34,47 % Bin3Hayanucst 03HaKU By3-
JioBoi rineprutasii, y 1,71 % — HasiBHICTb TUPEOIANTY.

KirouoBi cioBa: xsopo6a Ipeiica; murononioHa 3anosa; m0-
OpOsIKiCHi HOBOYTBOPEHHST IIUTONOIIOHOT 371031
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Insulin resistance:
metabolic and somatic changes
in children

Abstract. Background. Insulin resistance is the major sign of etiology and pathogenesis of type 2 diabetes
mellitus and metabolic syndrome and can precede its development for many years. Early identifying the beginning
of insulin resistance in children is important to prevent diabetes mellitus in adult life. The purpose was to identify
metabolic and somatic changes in children with insulin resistance. Material and methods. Out of 182 children of
the general sample, who was estimated fasting plasma insulin and glucose, HOMA-IR, and glucose/insulin ratio, 2
groups were formed.: group 1 — children with IR — 56 (30.8 %) and group 2 — 126 (69.2 %) children with normal
insulin sensitivity. In children anthropometric data, lipid metabolism (total cholesterol, triglycerides, HDL-C, LDL-C,
VLDL-C), blood pressure, leptin were determined. Results. From examined subjects 56 children were generally
obese (BMI > 95" percentile), 71 children were abdominally obese (WC > 90" percentile), 55 children were with
normal body mass (BMI < 90" percentile). Insulin resistance was identified in 21 (37.5 %) children with general
obesity more rarely, than in 38 (39.4 %) children with abdominal obesity (p = .049) and in 7 (12.7 %) children with
normal BMI (p = .003). In insulin-resistant children BMI, waist and hip circumference was larger than in children
with normal insulin sensitivity. The lipid profile in children with different insulin sensitivity did not differ, but in insulin-
resistant children an association of basal glucose with TG/HDL-C ratio (r = .53; p = .001), blood insulin with TG
(r=.34; p =.018), and TG/HDL-C ratio (r = .54, p = .001) was estimated. The HOMA-IR significantly correlated
with VLD-C (r = .40; p = .005), TG (r = .49; p = .001), TG/HDL-C ratio (r = .43; p = .002). The glucose/insulin
ratio was in significant association with the TG/non-HDL-C ratio. The incidence of hypetension (> 95" percentile)
diagnosis in insulin-resistant children was by 33.8 % higher (p = .001). Blood leptin concentration was 1.8 falled
higher in insulin-resistant children and significantly correlates with waist circumference, fasting insulin, HOMA-IR,
and diastolic blood pressure. Conclusions. Insulin resistance is related to cardiometabolic risks, such as general
and abdominal obesity, hypertension, dyslipidemia, hyperleptinemia, and leptin resistance, and is a screening
biomarker for children and adolescents with an increased risk of cardiometabolic diseases.

Keywords: insulin resistance; metabolic risk factors; children

Introduction

The widespread prevalence of type 2 diabetes mellitus
(DM) and metabolic syndrome (MS) in the adult popula-
tion and understanding that adult illnesses begin in child-
hood requires the early diagnosis of functional abnorma-
lities of carbohydrate metabolism in children and their
correction. Insulin resistance (IR) is one of the major signs
of etiology and pathogenesis of type 2 DM and MS and can
precede its development for many years [1—5]. Identifying
the beginning of IR in children is important to prevent DM
in the future [6].

The novel data indicate that IR and DM are common
among children and adolescents [ 7] and increase in the chil-
dren population [8]. In the meta-analysis, it was found that
children’s prevalence rates of IR are between 3.1 in Greece
[9] and 44 % in Pacific Island teenagers (New Zeeland)
[10], with the gender higher difference in obese boys —
68.4 % [10]. However, it was also determined that a higher
prevalence of IR was in girls than in boys, partly due to the
difference in pubertal development [11].

It was estimated that changed carbohydrate metabolism
and IR are estimated in 35 % children with abdominal obe-
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sity and one MS criterion, in 60.7 % children with abdo-
minal obesity and two MS criteria and in 75 % children with
abdominal obesity and three MS criteria [12].

IR was formed in the process of evolution of human
beings as a way to adapt to periods of prolonged food deficit
and is a physiological norm in certain periods of life such as
puberty. It was demonstrated that IR occurs both as a result
of primary irreversible violations and as a result of secondary
reversible factors. IR etiology can be divided into acquired,
hereditary, and mixed. The great majority of people with IR
fall into the acquired categories [13].

IR occurs imperceptibly gradually at an early age. In the
beginning, IR is asymptomatic, and metabolic and func-
tional changes are identified only during laboratory and in-
strumental examinations. Type 2 DM and MS develop in
the late stages of IR when it is sometimes difficult to get back
the disease [13].

Insulin is an anabolic hormone that plays an important
role in the regulation of glucose, lipid homeostasis, and
energy storage through its natural metabolic effects on clas-
sic insulin-responsive tissues: adipose tissue, liver, and ske-
letal muscle. Insulin increases glucose transport across the
cell membrane, by the rise of hexokinase and 6-phospho-
fructokinase activity, enlarges the rate of glycolysis, stimu-
lates glycogen synthesis, increases the storage of glucose as
glycogen in the liver and skeletal muscles and decreases gly-
cogen breakdown [14, 15].

The influence of insulin on lipid metabolism is in decrea-
sing the rate of lipolysis in adipose tissue and lowering the
plasma fatty acid level, stimulation of fatty acid and triacyl-
glycerol synthesis, increasing the uptake of triglycerides (TG)
from the blood into adipose tissue and muscles, decreasing
the rate of fatty acids oxidation in muscle and liver [14].

With IR insulin-mediated metabolic consequences on
lipid and carbohydrate metabolism are changed [15]. The
metabolic effect of IR can result in hyperglycemia, hyper-
tension, dyslipidemia, visceral adiposity, elevated inflam-
matory markers, endothelial dysfunction [13].

Overweight and adiposity, as the result of overnutrition,
are the major causative factors that induce the state of low-
grade inflammation due to which accumulation of elevated
levels of glucose and/or lipids in blood stream occur that
leads to the activation of various transcriptional mediated
molecular and metabolic pathways and IR appearance [1].
The factors determining whether or not IR develops as a re-
sult of obesity and high body mass index (BMI) are still not
completely understood.

The combination of multiple contributing factors (such
as puberty, ethnic background, stress etc.) in the obese child
along with incapacity of the subcutaneous fat to store excess
lipid leading to intrahepatic, intramuscular, and visceral li-
pid deposition reduce insulin sensitivity and the develop-
ment of IR and cardiovascular risk factors.

In patients who lost weight and reduce the amount of
adipose tissue insulin sensitivity (IS) may return and the
association of obese phenotype and type 2 DM incidence
disappeare even after adjusting for HOMA-IR [16, 17].
Metabolic stress in obesity causes organelle dysfunction,
especially the endoplasmic reticulum and mitochondria
which regulate the glucose, fat, protein, and cholesterol

metabolism. In patients with obesity occur disorders of car-
bohydrate and fat metabolism [18, 19].

The data of frequency of IR diagnosis, the state of car-
bohydrate and lipid metabolism discharge, and the nature of
blood pressure, are debatable and not fully resolved which
requires further study. To summarize peculiarities of meta-
bolism and cardiovascular risk in children with IR are actual
and known insufficiently.

The purpose of the study was to identify metabolic and
somatic changes in children with IR.

Materials and methods

The research study was conducted at the Danylo Halyts-
kiy Lviv National Medical University. Inclusion criteria: IR
in children. Exclusion criteria: subjects suffering from in-
fections, endocrine, and genetic disorders, consuming hor-
mones, and suffering from secondary obesity due to other
diseases.

Out of 182 children of the general sample, aged 9—18
years were involved in this research. Fasting plasma insulin
and glucose, HOMA-IR, and glucose/insulin ratio was esti-
mates and 2 groups were formed: group 1 — children and ad-
olescents with IR — 56 (30.8 %) and group 2 — 126 (69.2 %)
children and adolescents with normal insulin sensitivity
(NIS). Children and adolescents of the group 1 and group
2 did not differ in age (p = .527) and gender (p =.743). The
children’s age of group 1 was 15 (12—16) years, of group 2 —
was 15 (12—17) years.

Before the clinical assessment, the agreement in par-
ticipation in the study according to the protocol which was
approved by Danylo Halytsky Lviv National Medical Uni-
versity Ethics Commission from parents and children was
taken. A detailed medical history with a clinical examina-
tion including body mass, body mass index (BMI), neck,
waist, and hip circumferences, body surface, and blood
pressure (BP) were recorded.

Anthropometry was done according to standard me-
thods. Subjects were classified as generally obese (BMI
> 95 %) for sex and age. Abdominal obesity was diagnosed
according to more than 90™ percentile of waist circumfe-
rence (WC) according to age and gender.

Glucose in serum was measured by the glucose oxida-
tive method. Insulin was estimated by enzyme immunoassay
DRG Insulin ELISA (Germany). IR was diagnosed accor-
ding to HOMA-IR. It was determined that HOMA-IR is in-
dependently associated with IR, has diagnostic accuracy, and
predicts IS [19]. The cut-off values used for the definition of
hyperglicemia was 5.6 mM/I, IR for HOMA-IR 2.8, glucose/
insulin ratio 0.48 and hyperinsulinemia 11.5 mcU/ml.

Blood pressure (BP) was measured by mechanical ma-
nometer three times, the average data were calculated.
HDL-C and TG were estimated by the enzymatic method
with Cobas Integra HDL-C Test and Cobas Integra TRIGL
Test (Roche Diagnostics, Switzerland), respectively.

Data statistical analysis was done by integrative sys-
tems for statistical analysis and processing Statistica 10.0
(StatSoft Inc, USA). The overall prevalence of MS and its
components were estimated from the data and were asso-
ciated with 95 % confidence interval. The normality of dis-
tribution was estimated according to the Shapiro-Wil-Test
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criterion. The results were presented as median with quartile
distribution (25 and 75 percentile) and percent of the data
in a group. The comparison of groups was done by using
Student’s T-test and Mann-Whitney U-test depending on
parametric distribution of variables. Chi-square test was
used for qualitative data presented as positive/negative. For
estimation of the link between qualitative characteristics
correct Fisher criterion was used. The difference was signi-
ficant at p-value < .05.

Results

From 182 children of the study 56 children were gene-
rally obese (BMI > 95" percentile), 71 children were ab-
dominally obese (WC > 90™ percentile), 55 children were
with normal body mass (BMI < 90" percentile). IR was
identified in 21 (37.5 %) children with general obesity more
rarely (p = .049), than in 38 (39.4 %) children with abdomi-

nal obesity (p = .049) and in 7 (12.7 %) children with nor-
mal BMI (p =.003) (Table 1).

BMI in children and adolescents with IR [26.8 (21.4—
28.7) kg/m?; p = .011] was larger than BMI in children and
adolescents with NIS (24.5 (19.4—26.3 kg/m?) (Table 2).

WC in children with IR by 9.2 % was higher than WC in
children with NIS (p = .003). Hip circumference in children
with IR by 8.0 % was larger than in children with NIS [93.5
(85.0—106.0) cm] (p = .048). Consequently, children and
adolescents with IR were more likely to have higher BMI, WC,
hip circumference than children and adolescents with NIS.
No significant difference in body weight, height, neck circum-
ference, WC /hip circumference ratio and WC/height ratio,
body surface area in children with IR and NIS was observed.

It is natural that the parameters of carbohydrate meta-
bolism in children with IR were significantly different from
those in children with NIS (Table 3). Fasted plasma insu-

Table 1. The frequency of IR in children with general obesity, abdominal obesity and normal body mass

Generally obese Abdominally obese | Children with normal T
children, n = 56 children, n =71 BMI, n =55 P
p*=.049
IR children, abs (%) 21 (37.5) 2 28 (39.4)abbe 7 (12.7)30:be p* =.003
p°=.001

Notes: ®* — difference between the subgroups is significant with p < .05; *° — difference between the subgroups
is significant with p < .005; *° — difference between the subgroups is significant with p < .001.

Table 2. Anthropometric parameters in IR and NIS children, median (25-75)

Parameters IR, n = 56 NIS, n = 126 p
Body weight, kg 72.9 (55.0-82.0) 65.8 (47.5-76.0) =.073
Height, cm 165 (152-173) 164 (152-173) p =.991
BMI, kg/m? 26.8 (21.4-28.7)® 24.5 (19.4-26.3)° =.011
Neck circumference, cm 34.8 (32.0-37.8) 34.0 (31.0-37.0) =.272
Waist circumference, cm 83.0 (75.0-90.0)° 76.0 (68.0-86.0)° p =.003
Hip circumference, cm 101.0 (92.5-107.0)2 93.5 (85.0-106.0)° =.048
Waist/hip circumference ratio 0.83 (0.79-0.87) 0,81 (0.76-0.86) =.272
Waist circumference/height ratio 0.50 (0.46-0.53) 0.47 (0.44-0.52) p=.282
Body surface area, m? 1.76 (1.5-1.99) 1.70 (1.47-1.91) p=.230

Notes: 2 — difference between the groups is significant with p < .005; ®* — difference between the groups is sig-

nificant with p < .0005.

Table 3. Carbohydrate metabolism parameters in IR and NIS children, median (25-75)

Parameters IR, n = 56 NIS, n = 126 p
Fasted plasma insulin, mcU/ml 16.6 (14.2-22.5)? 7.3 (1.8-9.6)7 p =.0001
Fasted plasma glucose, mmol/l 5.2 (4.5-5.8)* 4.6 (4.0-5.2)° p =.0001
HOMA-IR ratio 3.76 (3.2-4.78)? 1,47 (0.47-1.91)2 p =.0001
Fasted glucose/insulin ratio 0.32 (0.21-0.38)? 0.67 (0.46-2.2)° p =.0001
HDL-C, mM/ 1.50 (0.8-1.8) 1.49 (1.01-1.80) p =.539
LDL-C, mM/I 2.15 (1.69-2.59) 1.94 (1.56-2.64) p =.534
VLDL-C, mM/I 0.50 (0.40-0.78) 0.50 (0.40-0.60) p = .304
TG, mM/I 1.10 (0.90-1.64) 1.02 (0.81-1.40) p=.679
Non-HDL-C, mM/I 2.78 (2.20-3.29) 2.50 (2.10-3.30) p =.397
TG/HDL-C ratio 0.68 (0.52-0.93) 0.74 (0.53-1.23) p =.201
IA 1.70 (1.30-2.10) 1.70 (1.20-2.60) p = .503

Note: @ — difference between the groups is significant with p < .0001.
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lin level in children with IR was 2.3-fold, and fasted plasma
glucose level was by 13.0 % higher than those in children
with NIS.

A significant difference in the HOMA-IR ratio of 2.6-
fold and the fasted glucose/insulin ratio of 2.1-fold were
observed in IR children compared with NIS children. The
study of the correlation dependence of anthropometric pa-
rameters and carbohydrate metabolism parameters in chil-
dren with IR revealed a significant association of BMI with
fasted plasma glucose (r =.39; p = .023).

The lipid profile of IR children and NIR children did
not differ. Though, in IR children an association of basal
glucose with TG/HDL-C ratio (r = .53; p = .001), basal
blood insulin with TG (r = .34; p = .018), and TG/HDL-C
ratio (r = .54; p = .001) was estimated. The HOMA-IR sig-
nificantly correlated with VLD-C (r = .40; p = .005), TG
(r=.49; p=.001), TG/HDL-C ratio (r = .43; p = .002).
The glucose/insulin ratio was in significant association with
the TG/non-HDL-C ratio.

Analysis of BP in children with different IS did not re-
veal the difference between systolic BP (SBP) and diastolic
BP (DBP) (Table 4).

However, the frequency of diagnosis of hypertension
in IR children was by 33.8 % higher than in NIS children
(p=.001).

It was found that WC in IR children significantly cor-
related with the SBP (r = .29; p = .042). A highly probable
correlation was observed between carbohydrate metabolism
and BP: fasting insulin and HOMA-IR significantly cor-
related with SBP (r=.47; p=10.001 and r = .53; p = 0.001;
respectively) and DBP (r = .43; p = .002 and r =.46;
p = .001; respectively). A significantly inverse correlation of
the glucose/insulin ratio with SBP was observed (r = — .37;
p =.008).

In IR children blood leptin concentration was 1.8 falled
higher than the content of leptin in the blood of NIS chil-
dren (Table 5).

In IR children essential correlation of blood leptin with
CW (r = .41; p = .005), fasting insulin (r = .39; p = .007),
HOMA-IR (r = .32) ; p=.031), DBP (r = .30; p = .046)
was found.

Discussion

Children with IR and NIS did not differ in age and gen-
der, though it was estimated that children with abnormal
glucose metabolism were older [20].

The range of IR was 12.7 % in children with normal
body mass, 30.7 % in generally obese children, 39.4 % in
abdominally obese children. Therefore, with the increase in
BMI and the appearance of abdominal obesity the growth
of the incidence of carbohydrate metabolism discharge was
revealed [20]. It was demonstrated that regardless of the
amount of total fat, the accumulation only of abdominal fat
and adipose tissue dysfunction lead to an increase in adi-
pokines and the IR appearance [21].

The study of the correlation dependence of anthropo-
metric parameters and carbohydrate metabolism parameters
in children with IR revealed a highly probable association of
BMI with fasted plasma glucose (r = .39; p = .023). IR was
observed to be higher with BMI increasing, which is similar
to A. Ahila et al. [22]. The main visual sign in children that
there is IR is the presence of general and especially abdomi-
nal obesity, in which excess adipose tissue is deposited main-
ly in the abdomen region. Though, the results demonstrated
a notably elevated prevalence rate of IR in overweight and
generally obese children [17, 23]. The same results were ob-
tained by T. Takahashi et al. [24] that obese/overweight pa-
tients had significantly more glucose metabolism disorders
than non-obese/non-overweight once. IR is usually one
of the first metabolic damage diagnosed in obese children
and the key risk factor for the development of comorbidities
[25]. It was demonstrated that in patients with weight loss
and reduction of the amount of adipose tissue NIS may re-
turn even after adjusting for HOMA-IR [16, 17].

Normally adipose tissue has a high sensitivity to insu-
lin. In the NIS state, insulin stimulates lipid accumulation
through fatty acid uptake, reesterification and lipogenesis
and inhibits TG lipolysis [26]. In study of IR children an as-
sociation of fasting blood glucose and insulinand HOMA-IR
with the TG and TG/HDL-C ratio was revealed. That
is similar to N. Cin et al. [4] who demonstrated the same
positive correlation of HOMA-IR with the TG-glucose in-
dex and TG/HDL-C ratio. The Bogalusa Heart Study has
shown that IR is closely related to TG levels.

Even compensatory hyperinsulinemia during long
course can have a harmful influence on many tissues and,
through different mechanisms, contribute to the develop-
ment of other components of dyslipidemia, such as hyper-
triglyceridemia [27]. It was established that IR is associated
with an increased lipid content and dyslipidemia [28, 29].
The obtained data prove that TG, VLDL-C, TG/HDL-C
ratio can be used as IR biomarkers.

Table 4. Blood pressure in children with IR and NIS children, median (25-75)

Parameters IR, n = 56 NIS, n = 126 p
SBP, mm Hg 128.0 (122.0-140.0) 120.0 (118.0-136.0) p =.098
DBP, mm Hg 78.0 (68.0-89.0) 78.0 (68.0-86.0) p=.731
Note: difference between the groups is insignificant with p > .05
Table 5. Blood leptin content in IR and NIS children, median (25-75)
Parameters IR, n =48 NIS, n = 102 p
Blood leptin, pmol/ml 16.05 (9.10-25.65)2 8.95 (1.90-17.95)? p =.005

Note: * — difference between the groups is significant with p < .001.
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However, the incidence of hypertension (> 95" percen-
tile) diagnosis in IR children was 33.8 % higher than in NIS
children 2 (p = .001). Insulin plays an important role in the
maintenance of vascular homeostasis. Simultaneously insu-
lin stimulates endothelial production of nitric oxide (NO),
a crucial vasodilator exerting an antiaggregatory effect that
prevents platelet aggregation and leukocyte adhesion to en-
dothelial cells [30] and limiting vascular smooth muscle cells
growth and migration, but mediates the release of endothe-
lin 1, known to act as a strong vasoconstrictor. If IR appears,
the balance is shifted towards mitogen-activated protein ki-
nase/extracellular signal-regulated kinase (MAPK/ERK),
which mediates inflammation, vasoconstriction, and vascu-
lar smooth muscle cell proliferation [31]. Therefore, IR co-
exists with endothelial dysfunction and hypertension [32].

The pathogenesis of hypertension associated even with
compensatory hyperinsulinemia is stimulation in vascular
smooth muscle and endothelial cells increased production
of endothelin, PAI-1, proinflammatory cytokines, and an
augmented surface expression of adhesion molecules [27].
IR and hyperinsulinemia cause a number of hemodynamic
changes that contribute to increased BP and the develop-
ment of hypertension. An association was found between
fasting insulin levels and subsequent increases in BP. The
main role in the development and progression of IR and re-
lated metabolic disorders is played by adipose tissue of the
abdominal area, neurohormonal disorders that accompany
abdominal obesity, and increased activity of the sympathetic
nervous system.

In the IR children’s blood leptin concentration was 1.8
fallen higher than the content of leptin in the blood of NIS
children, so with increasing blood insulin levels and the de-
velopment of IR observed a proportional increase in lepti-
nemia and the development of leptin resistance [33]. It was
found that leptin mediates insulin secretion and sensitivity
in peripheral tissues. Hyperleptinemia reflecting leptin re-
sistance plays an important role in the development of IR
making leptin its possible biomarker [34].

High correlation of leptin with basal insulin and
HOMA-IR are in agreement with the findings of the studies
done by P. Das et al. [35]. It was demonstrated that there
is a simultaneous occurrence of IR and leptin resistance in
obesity. The correlations of leptin levels with insulin, and
HOMA-IR levels surely indicate the functional link between
these two hormones. Leptin has an inhibitory effect on the
insulin secretion, which is due to the leptin-induced proin-
flammatory cytokines such as C-reactive protein and Inter-
leukin-6, causing apoptosis of pancreatic -cells [34, 36].

It was demonstrated that leptin acts as a signal from adi-
pocytes to pancreatic cells and reports IS. Leptin can be in-
volved in the induction of IR by cross-reacting with insulin
receptor substrates. Also, macrophage infiltration of adipose
tissue and high levels of leptin in obesity lead to increased
production of IL and TNEF, which prevent the effects of in-
sulin on IS tissues, and increase IR. Imbalance and dysreg-
ulation of adipokine production are involved in metabolic
disorders of obesity [37].

In IR children was found an essential correlation of
blood leptin with WC, which was in agreement with the
findings of the studies done by J. Mohiti et al. stated that

it was obesity leading to increased insulin and leptin levels,
resulting in IR and leptin resistance [38]. Leptin levels in
general increase proportionately with body fat mass.

Leptin may be the marker of obesity and IR at the same
time [34], and conversely obesity is the major pathogenic
factor common to both leptin resistance and IR.

Conclusions

IR is related to cardiometabolic risks, such as general
and abdominal obesity, hypertension, dyslipidemia, hyper-
leptinemia, and leptin resistance.

IR is a screening marker for children and adolescents
with an increased risk of cardiometabolic diseases.

Consolidation of the actions of pediatricians and en-
docrinologists, new methods of early diagnostics, and im-
provement of the system of IR prevention are necessary.
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/\bBIBCbKNW HALIOHOABHUA MEANYHU YHIBEOCUTET iMeHi AQHWAQ [AAmLibKOro, M. A\bBiB, YkpaiHQ

IHCYAIHOPE3UCTEHTHICTb:
MEeTAOBOAIYHI | COMATUYHI 3MiHM Y AiTein

Peswome. Axmyaavnicmo. THCyniHOPE3UCTEHTHICTE € Ga30BUM
(haKTOpPOM €TioJIOTii Ta mMaToreHe3y IYKPOBOTo AiabeTy 2-TO TUITY
Ta MeTabOJIIYHOrO CMHAPOMY i MOXe IepeayBaTH iM 3a Oarato
pokiB. PaHHE BUSIBIEHHS MOYATKY iHCYJIiHOPE3UCTEHTHOCTI Ta
OB’ SI3aHUX 3 HEIO METa0OJIIYHUX (DaKTOPiB PUBUKY Yy MiTEH 3aI10-
0irae po3BUTKY IIyKPOBOTO /iabeTy B MOpocaoMy XuTTi. Mema:
BUSIBUTU METa0OIiuHi i COMaTUYHi 3MiHM y AiTelt 3 iHCYyIiHOpe-
3UCTEHTHICTIO. Mamepiaiu ma memoou. 3 182 niteii 3arajabHOI
BUOIpKHM, Y SIKMUX BU3HAYEHO pPiBEHb 0a3aJIbHOTrO iHCYJIiHY i IJTI0-
ko3, HOMA-IR Ta inmexcy rioko3a/iHcyiH cchopMOBaHO MBI
rpynu: rpyna 1 — 56 (30,8 %) niteit 3 iHCYJIiIHOPE3UCTEHICTIO,
rpyna 2 — 126 (69,2 %) niteit 3 HOPMAIbHOK YYTJIMBICTIO 110
iHcyuiHy. JliTsM TIpoBeIeHO aHTPOIMOMETpito, Jimigorpamy (3a-
raapHui xonectepuH, Tpurminepunu, XC JITIBI, XC JITTHII,
XC JITOHIL), nentuH. Pe3yavmamu. 3 00CTeXEeHOI KOTOpPTU
56 niteit Mmasnu reHepaiizoBare oxupints (IMT > 95-ro nepieH-
TUAs1), 71 nuTMHA — abpoMiHaIbHE OXUPIHHS (OKPYXHICTb Tamii
> 90-ro nmepueHTWs1), 55 miteit — HopManbHy Macy Tina (IMT
< 90-ro mepueHTUs). [HCYTIHOPE3UCTEHTHICTh BUsIBieHa y 21
(37,5 %) nuTHHM 3 TeHepalizoBaHUM OXHUpPiHHAM, 38 (39,4 %;
p = 0,049) nmiteit 3 aGnoMiHanbHUM oxupinHsM i 7 (12,7 %) ni-
teit 3 HopMmasbHUM IMT (p = 0,003). ¥V iHCy/lTiHOPE3UCTEHTHUX

niteit IMT, okpyxHicTb Tasii i cTeroH OyJau OiTBIIMMU, HIX B
IHCYTIHOUYTAUBUX AiTeit. JlimigHuit mpodinb y miTeil 3 pi3HOIO
YYTJIUBICTIO 10 iHCYJIiHY He BiIpi3HSBCS, MPOTE BCTAHOBJIEHA BU-
CcoKa KopeJisiliiiHa 3aJIeXKHICTb PaHilllHbOI IVIFOKO3M 3 iHIEKCOM
tpurnininepuau/XC JITIBUL (r = 0,53; p = 0,001), 6a3aibHOTO
incyniny 3 tpuriinepugamu (r = 0,34; p = 0,018) Ta iHmexcom
tpurninepuan/XC JIMIBLI (r = 0,54; p = 0,001). HOMA-IR xo-
pemosaB 3 XC JINIAHII (r = 0,40; p = 0,005), Tpuriinepuna-
mu (r = 0,49; p = 0,001), innekcom tpuriinepuau/XC JITIBL
(r=10,43; p=0,002). Innekc raoko3a/iHcyiH nepedyBaB y Tic-
Hiii 3anexHocTi 3 inaekcom Tpuriainepuan/XC JITIBILL. Yacro-
Ta [iarHOCTUKM apTepialbHOI rinepTeH3ii y aiteid 3 iHCyliHOpe-
3ucTeHicTIO Ha 33,8 % mepebiblyBaia aHaJIOTIYHUI TTOKa3HUK
y IHCYJIIHOUYTIMBUX AiTeli. PiBeHb CUPOBATKOBOTO JICTITUHY Y ITi-
Teii 3 iHCYJIiIHOPE3UCTeHTHICTIO OyB B 1,8 pa3a Buiium. Buchoexu.
[HCYIHOPE3UCTEHTHICTh TIOB’sI3aHa 3 KapaioMeTaOOoJiYHUMM
(akTOpaMu puU3MKyY, TAKUMHU SIK TeHEepasli3oBaHe Ta abIoMiHab-
HE OXWPiHHS, TiMepTeH3is, AUCIiMigeMis, TilepjenTuHeMis i
JIENTUHOPE3UCTEHTHICTh, i € GiOMapKepoOM CKPUHIHTY Kapiio-
MeTaboJIiYHUX 3aXBOPIOBAHb.

Kir04oBi cji0Ba: iHCymiHOPE3UCTEHTHICTD; MeTabOIuHI (hakTO-
pY PUBUKY; OiTH
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lodine deficiency and prevalence
of nodular goitre in Ukraine

Abstract. More than one tenth of the world population is to some degree affected by goitre and most of these
harbour nodules. The large differences in thyroid disease prevalence between populations may be caused by
genetic and environmental factors. Among the latter, iodine deficiency seems by far to be the most important risk
factor. Thus, nodular goitre is a condition predominantly seen in iodine deficient areas of the world. Large thyroid
volumes and high frequencies of goitres have been reported in countries affected by iodine deficiency. In the
present review, we evaluated prevalences of thyroid nodules in iodine-deficient countries. In 2016 in Ukraine the
prevalence of nodular goiter was 707.8 per 100 thousand population, then after 5 years the figure slowly increased
to 891.5 cases, respectively (+25.9 %). The existing high indices of newly diagnosed patients with nodular goitre in
the country in 2016 were 71.9, and at the end of 2020 — 90.2 initially established cases per 100 thousand popula-
tion, with a positive increase of +25.5 %. In the Whickham survey, 20 % of women and 5 % of men who had goitres
in the initial survey showed no evidence of goitre in a follow-up survey. An average growth rate in the multinodular
goitre of 5-20 % was reported in iodine-sufficient areas. On the basis of the results of the Framingham survey, the
estimated lifetime risk for developing a nodule is 5—10 %. Thyroid nodule size can increase, decrease, or remain
stable, and thyroid nodules may eventually also disappear over time. Solid nodules more frequently increase,
whereas cystic nodules can shrink or disappear. If the goitre has been present for some time, autonomous function
of the nodules and eventually hyperthyroidism develop. The rate of progression from euthyroidism to subclinical
and overt hyperthyroidism is about 10 %.

Keywords: iodine deficiency; nodular goitre; epidemiology; review

One of the priority tendencies of health care in most
countries is the prevention of iodine deficiency disorders
(IDD), i.e. all pathological conditions that develop in the
population as a result of iodine deficiency (ID), which can
be prevented with normal iodine intake. Thyroid pathology
is one of the most common reasons for the population to seek
medical attention, due to its high prevalence in iodine-defi-
cient and contaminated areas, as well as the availability of the
research methods [1]. lodine is necessary for the production
of adequate amounts of the thyroid hormones. The daily re-
quirement of iodine depends on age and physiological con-
dition and ranges from 90 to 250 pg/day [1, 2].

The spectrum of thyroid diseases is wide, ranging from
minor structural changes not influencing the life of the pa-
tients to a variety of disorders that may reduce the quality
of life and in some circumstances also affect life expectancy
[3]. Among the mild but frequent disorders are goitre and
benign thyroid nodules. Nodules, goitre, and nodular goi-

tre still remain common thyroid disorders. These conditions
often develop simultaneously, but many subjects harbour
nodules within the thyroid gland without development of
goitre, and in populations with excessive iodine intake goi-
tres are often without nodules [4].

Various definitions of goitre have been used during the
last hundred years depending on which study methods have
been available. After the introduction of thyroid ultrasound
examination, the definition of goitre has been based on
the measurement of the total thyroid volume using various
principles. Goitre is now defined as a total thyroid volume
exceeding the mean size +3 standard deviations in iodine-
replete adult populations, which corresponds to a total vo-
lume larger than 18 cm?® in women and 25 ¢cm?® in men [5].
The prevalence of goitre observed in a study may depend not
only on the thyroid size, but also on the upper reference li-
mit definition. Evidently, it may be difficult to compare goi-
tre prevalences between studies.
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Nodular goitre is a recognizable thyroid enlargement
characterised by excessive growth and structural and/or
functional transformation of one or several areas within the
normal thyroid tissue [6].

We explore the role of iodine intake level as a risk factor
for goitre and nodules. The prevalence of goitre and intra-
thyroidal nodules may depend on several factors [7]. Among
the environmental factors investigated, low iodine intake is
a major cause for nodular goitre [8].

During 1990 to 1999 years, the overall goitre prevalence
was estimated to be unchanged from 12 to 13 %, but the cri-
teria for defining goitre had changed from palpation towards
the more precise ultrasonographical criteria [9].

lodine intake is a major determinant for thyroid volu-
mes. The association between thyroid size and iodine intake
is furthermore supported by studies comparing areas with
different iodine intake using same study design.

The prevalence of nodular goitre in various regions of
the World differing in iodine status also associates negatively
with urinary iodine excretion.

According to the WHO, about 2 billion people live under
conditions of chronic ID [1]. liodine deficiency is one of the
most common causes of mental retardation. In recent years,
studies all round the world have shown that the average level
of intellectual development (IQ) in areas with severe iodine
deficiency is 15—20 % lower than in areas with iodine defi-
ciency [10, 11].

Radioactive iodine, flying out of the destroyed reactor
of the Chernobyl nuclear power plant, like a corona virus
quickly spread throughout Europe. Iodine deficiency in
the regions of Ukraine adjacent to nuclear power plants
became a factor in increased uptake of radioactive iodine
by the thyroid gland in children and after 5 years led to
an epidemic of thyroid cancer [12]. Optimal iodine in-
take could become a kind of vaccination, which sharply
reduces the risk of developing thyroid cancer, as has hap-
pened after the accident at the Fukushima nuclear power
plant in Japan.

Endemic goiter was eliminated 40 years ago, but re-
turned to the country in the early 1990s after the collapse of
iodized salt production and has not been eliminated to this
day due to the lack of a legislative framework for mandatory
salt iodization. The actual average consumption of iodine
by residents of Ukraine is from 40 to 80 mcg per day mild
and moderate iodine deficiency was detected throughout
Ukraine [13].

According to WHO, over the past 20 years, iodine de-
ficiency has been eliminated in 115 countries of the world,
and the number of iodine-deficient countries has dropped to
25, but Ukraine is still among them.

The medical and social significance and urgency of
the problem of IDD in Ukraine is caused by the fact that
in almost all regions there is a natural deficiency of iodine.
Traditionally in Ukraine, the regions with severe iodine
deficiency include Zakarpattia, Ivano-Frankivsk, Volyn,
Lviv, Rivne, Chernivtsi and Ternopil regions. The absolute
number of cases of thyroid diseases in Ukraine over the past
10 years has increased from 689 thousand to 1 million 846
thousand, in terms of prevalence, respectively, 941.6 and
4210.4 cases per 100 thousand population.

Nodular goitre is one of the forms of thyroid pathology,
which causes constant clinical interest due to the threat of
malignancy of these tumours. The dynamics of epidemio-
logical observations on the prevalence of nodular goitre in
Ukraine is characterized by an increase in the prevalence
and incidence of nodular goitre over the past five years [14].
In 2016 in Ukraine the prevalence of nodular goiter was
707.8 per 100 thousand population, then after 5 years the fi-
gure slowly increased to 891.5 cases, respectively (+25.9 %)
[15]. The existing high indices of newly diagnosed patients
with nodular goitre in the country in 2016 were 71.9, and
at the end of 2020 — 90.2 initially established cases per 100
thousand population, with a positive increase of +25.5 % in
terms of clarity [15].

In comparative study [16], 40 adults without goiter
(control group) and 16 adults with diagnosed nodular goi-
ter (NG) were examined. Inductively coupled plasma op-
tical emission spectrometry (ICP-OES) was used for the
measurements of Mg, Ca, Se, Zn, Cu, and Fe in serum of
patients with NG and control group. Patients with nodular
goiter had lower serum values of Ca, Mg, Se, Cu, Fe, and
Zn than those in the control group. The presence of mild io-
dine deficiency was evident in both groups with the median
urinary iodine excretion (UIE) 80.5 pg/L in the control
group and 64.5 pg/L in goiter group. There was a positive
association between goiter presence and low concentra-
tion of Ca in serum (odds ratio (OR) = 2.29 (1.26—3.55),
p <0.05) in the NG group. High relative risk of goiter was
observed at low concentrations of magnesium (OR = 3.33
(1.39-7.62), p < 0.05) and selenium (OR = 1.63, (1.16—
1.78), p < 0.05) in comparison with OR values in the con-
trol group. Low concentrations of Ca, Mg, Zn, and Se in
serum combined with reduced UIE resulted in the highest
risk of goiter (OR = 12.5, (2.15-79.42), p < 0.01). This
study proved that thyroglobulin concentration in serum is
the reliable indicator of nodular goiter. We also suggest that
a combination of low concentrations of Ca, Mg, Zn, Cu,
and Se in blood serum, and reduced iodine concentration
in urine resulted in the highest risk of nodular goiter deve-
lopment [16].

The large differences in thyroid disease prevalence be-
tween populations may be caused by genetic and environ-
mental factors. Among the latter, iodine deficiency seems
by far to be the most important risk factor. Thus, nodular
goitre is a condition predominantly seen in iodine deficient
areas of the world.

A few epidemiological studies have evaluated the clinical
evolution of goitre. In the Whickham survey [17], 20 % of
women and 5 % of men who had goitres in the initial survey
showed no evidence of goitre in a follow-up survey [17]. An
average growth rate in the multinodular goitre of 5—20 %
was reported in iodine-sufficient areas [18]. On the basis of
the results of the Framingham survey, the estimated lifetime
risk for developing a nodule is 5—10 % [19]. Thyroid nodule
size can increase, decrease, or remain stable, and thyroid
nodules may eventually also disappear over time. Solid no-
dules more frequently increase, whereas cystic nodules can
shrink or disappear. If the goitre has been present for some
time, autonomous function of the nodules and eventually
hyperthyroidism develop [20]. The rate of progression from
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euthyroidism to subclinical and overt hyperthyroidism is
about 10 %.

In a Dutch study of 90 people with euthyroid multinod-
ular goitre, mainly women with a mean age of 55 years, eight
became hyperthyroid within 7 years, and all of them had
autonomous function before becoming hyperthyroid [21].
In a study conducted at the Mayo Clinic, 60 % of people
with multi-nodular goitre over 60 years had thyrotoxicosis
[22]. The average duration of the goitre before the onset of
thyrotoxicosis was 17 years; the longer the goitre had been
present, the greater the tendency for thyrotoxicosis to de-
velop. lodine intake has been shown to modulate the pat-
tern of thyroid diseases in cross-sectional studies comparing
populations living in areas characterized by different iodine
intake.

In iodine-deficient countries, non-autoimmune hyper-
thyroidism is more frequent, being the natural evolution of
goitre, the development of thyroid autonomy, and eventual-
ly of thyrotoxicosis. On the other hand, studies in popula-
tions living in areas with varying iodine intakes, in the UK,
Denmark, and Iceland, have shown that the frequency of
thyroid autoimmunity and of hypothyroidism is higher in
iodine replete than in iodine deficient populations [23].

In the DanThyr study comparing mild and moderate io-
dine deficiency, it was found higher thyroid volumes in the
area most iodine deficient, whereas no differences in nodu-
le prevalences were reported between the two areas under
study [24]. In this study, methods were carefully adjusted
to uniformity and sub-populations only differed slightly in
degree of iodine deficiency. A span between 10 % preva-
lence of thyroid nodules in a German study by C. Struve
and J. Hinrichs [25] to 32 % in a Danish study performed by
N. Knudsen et al. [9] has been observed. Several reasons can
be proposed for such a large discrepancy between studies in-
vestigating populations with iodine insufficiency. It must be
emphasized that ecological conclusions may be hampered
by interobserver variation [26], varying population ages
and gender compositions of the study cohorts, subjectivity
to ultrasonography, and the skills of the ultrasonographers.
Best interobserver agreement is on thyroid volume, some-
what lower on nodules [27]. A high interobserver variation
of up to 55 % may lead to disagreement on the presence
on thyroid nodules [28], and the variation is even larger on
echogenicity. Ultrasound is a better tool for investigation of
thyroid size than of intrathyroidal structures. Ultrasound
may not detect all nodules as shown by D.D. Stark et al. [29]
who reported that up to 12 % of intrathyroidal lesions were
missed by thyroid ultrasound.

Insulin resistance has been associated with increased
thyroid volume and thyroid nodularity. Independently from
obesity, insulin resistance is a strong determinant of thyroid
volume and thyroid nodularity, with nodularity in 53 % of
participants with insulin resistance and 19 % without insulin
resistance [30]. This was confirmed with similar results for
individuals with metabolic syndrome in an iodine-deficient
area [31]. Subsequently, the same research group has, in a
prospective setting, investigated thyroid volumes and nodu-
larity in people with diabetes mellitus (DM) or pre-diabetes
compared with controls, and found a considerable elevation
of nodule prevalence and thyroid volume in DM patients

compared with controls (62 % nodules vs 24 % and 20 cm?
vs 11.4 cm?®), persons with pre-diabetes having values in-be-
tween but closest to type 2 DM [32].

Two studies have investigated the effect of metformin
on goitre and nodule prevalence in people with insulin re-
sistance. Insulin resistance was reduced with metformin,
and a significant reduction in thyroid nodule volumes was
found with metformin but not with levothyroxine treat-
ment [33]. This was confirmed in a study with type 2 DM
where metformin treatment was associated with lower oc-
currence of goitre compared with patients receiving other
treatments both in a cross-sectional and in a longitudinal
analysis [34].

A number of different explanations for this association
have been proposed. Insulin is a potent growth stimulator
of thyroid cells in vitro. In contrast, the increased thyroid
volume and nodularity could be secondary to an increase in
serum thyroid stimulating hormone, with insulin resistance
mediated through leptin or numerous other possible path-
ways, although differences in thyroid stimulating hormone
are not a constant finding. Further, a common genetic dis-
position for insulin resistance and nodular goitre is possible;
polymorphisms, including the GLUT genes, have been sug-
gested [35, 36].

In summary, correction of iodine deficiency in adult
populations, irrespective of severity, reduces mean thyroid
size and the prevalence of diffuse goitre at all ages within
a few years. Although iodine repletion usually does not re-
duce the prevalence of thyroid nodularity in adults older
than about 50 years because of largely irreversible fibrotic
changes in nodules, it does reduce the risk for development
of nodular disease in younger adults.
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ToBkan A.O.

HauioHaAbHM MeandHY yHiBepcuteT imeHi O.O. boromMonbLsl, M. Kni, YkpaiHa

NoaHnin aediumt i nowmpeHicTb
BY3AOBOro 3060 B YKpdiHi

Pe3iome. Bysnosuii 306 miarHOCTYeThcsi B OmHI€l jgecsToi ya-
CTMHM HaceJICHHS CBIiTy. 3HaUHi BiIMiHHOCTI B TIOIIMPEHOCTI 3a-
XBOPIOBaHb IIUTOIOMIOHOI 321031 MiXK MOMYJSIISIMU 3yMOBJICHI
TeHeTUYHUMU U eKOJIOTYHUMU YMHHUKaMKU. Cepel OCTaHHiX
HalBaXJIMBILIMM (DaKTOPOM pU3MKY € nediuut iomy. Bysnosuii
300 TepeBaKHO BiI3HAYAETHCS B PETiOHAX 3 MOMHUM Ie(illuTOM.
VY kpaiHax, fKi CTpaxaaloTh Bin aediuurty fomy, MOBiZOMISIETb-
csl TIpO OiIbII OOCATU IMTOMOMIOHOI 3a7103U U BHUIILY YacTOTY
By3/10Boro 300a. MomHwuit nedinut — mpobnema, akTyaibHa Ha
BCilf Teputopii Ykpainu. B yMoBax BigCyTHOCTI MacoBOi HOmTHOI
npodiJTakKTUKKA B HACEJIEHHS Bil3HAYA€ETHCS BHCOKA YacTOTa MoO-
nonedimuTHIX 3axBopioBanb (M/13). TTommpeHicT 306a B miTeit
3arajioM B YKpaiHi, HaBiTh 32 TaHUMU OQIillilfHOI CTATUCTUKU, TIe-
pesuiiye 5% 6Gap’ep. PakTrUHA MOLIMPEHICTh TUPEOITHOI MaTO-
JIOTi1 3HAYHO BMIIA 3a JAaHi y 3BiTaX MEAMYHUX YCTAHOB, a PiBeHb
MeliaHu ionypii BilnmoBsigae B aesikux perioHax iiogHomy aeditm-

Ty JIerKoro cTyneHs. Bupimmru npo6nemy npodinaktuku M3y
HaceJIeHHsI MOXHa MPUAHATTSIM Ha 3aKOHOIABYOMY PiBHi IocTa-
HOBU TTPO 00OB’I3K0OBE MOMyBaHHS Xap4yoBOi COJIi B KpaiHi, a Ta-
KOX TIPOBENIEHHSIM iHIMBIiAYyaTbHOI MPodilaKTUKK TIpernapaTaMu
KaJlito oanay B rpynax oco0aMBoro pusmky. B orsiai nposeneHa
OlLIiHKA TTOLIMPEHOCTI By3J10BOT0 300a B YKpaiHi IMOPiBHSIHO 3 iH-
LIMMHM KpaiHaM¥ Ha TJ1i ioaHoro aedinuty. Y 2016 poii B YkpaiHi
MOLIMPEHICTb By310BOT0 300a craHoBmi1a 707,8 Ha 100 TuC. Hace-
JICHHSI, TIOTIM Yepe3 5 poKiB 1ieii TTOKa3HMK 3pic 1o 891,5 Bunanky
(+25,9 %). loka3HKUKM 3aXBOPIOBAHOCTI Ha BY3JIOBUI 300 y Kpai-
Hi y 2016 poui craHoBuau 71,9, a Ha kiHeun 2020 poky — 90,2 Ha
100 tuc. Hacenennst (+25,5 %). Ha ocHoBi pe3yibratiB @pemiH-
IeMCBKOTO JOCTIKEHHST OLIIHEHUI PU3KMK PO3BUTKY BY3JIOBOTO
300a IPOTSTOM XKUTTsI, BiH cTaHOBUTH 5—10 %.

KomouoBi ciioBa: iionnuii nediuuT; By31oBuid 300; emineMioso-
Tist; orJisi
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NMPOAYKT METABOAIYHOT AKTUBHOCTI KULLKOBOTO
MiKpo6iomy TpumeTuAamiH-N-okcuna (TMAO) —
Giomapkep NporpecyBaHHS ATEPOCKAEPO3y
" cepueBO-CYAMHHUX YCKAOAHEHb Y XBOPUX
HO LYKpPOBUU AlabeT 2-ro tuny

Pe3tome. lMpoarHanizoBaHi gaHi nitepatypu npo 3Ha4eHHs1 KULLIKOBOI MIKPOBIOTY Ik eHAOKPUHHOIo opraHa — rpo-
AyueHTa 6io/10r4HO aKTUBHUX METabosIiTIB, SIKi BUKOHYIOTb KITHOHOBI QOYyHKUIT A1 MIATPUMKU MEeTabosliHHOro ro-
MeocTasy BCbOro opraHiamy, 30Kpema cTaHy CepLeBO-CYyANHHOI cuctemu. KniHIYHUMY Ta eKCriepyMeHTalbHUMU
LOCIIAKEHHSIMN 3 BUKOPUCTAHHAM METabOosIOMIHHOro nigxo[y BCTAHOBJIEHO, LLO PO3BUTOK aTE€POCKIIEPOTUHHUX
cepLeBo-CyaANHHUX 3aXBOPHOBaHb 4acTo acouitoeTbCs 3 MiABULLEHUM PIBHEM OAHOMO 3 MiKpobiasibHux MeTaborii-
TiB — TpumetunamiH-N-okengy (TMAO). TMAO moxe 6yt YyT/MBUM MPOrHOCTUYHUM GIOMapPKEPOM PO3BUTKY
ycKnagHeHb Uykposoro giabety 2-ro tuiy (UO2), 30kpema atepockiiepody Ta cepLeBO-CYyANHHUX 3aXBOPIOBAaHb.
lMonepenHnkom TMAO € tpumetunamin (TMA), yTBoproBaHu KULLKOBUMU 6AKTEPIIMU 3 Xap40BOro ghocghatnamii-
XOrniHy Ta L-kapHiTuHy. Y nediHyi ToumeTunamit nepeTBoproeTbCA Ha TpuMmeTunamiH-N-okeng nig BriavBoM redi-
KOBOI (hrnaBiHMOHOOKcureHasn 3. [Jo MexaHiamiB npoateporeHHoro eqhekTy nigsuiyeHmx pisHisB TMAO Hanexarb
BI/IMB HAa METa0b0J1i3M XXOBYHMX KUCIIOT | XONECTEPUHY, rinepaxkTnaalisi TPOMOOLMTIB, CTUMYJIALIS 3anasibHuX npoLe-
CiB Ta OKCU[AaTUBHOIO CTPECY, LL|O BUKITMKAE eHAOTeNlianbHy ANCYHKLIIO, KabLubikaLjito CyauH, Cripyusie niHoyTBo-
PEHHIO Makpodgaris, a TakoX IHAYyKye CTpec eHornIasMaTn4Horo petTukynymy. BetaHosneHo, o TMAO, 3a ymoB
XPOHIHHOIO MiABULLEHHST PIBHS, MOXEe CrpUsITU KapaioMeTabosidyHUM 3axBoproBaHHAM. [lpunyckatoTs, Lo nigsu-
LeHHs pisH TMAO npu aucmeTtabornidHnx ctaHax (oxupiHi, L2, atepockneposi abo iLemiqHivi xsopobi cepLisi)
3Ha4YHo MIporo MoB’si3aHe 3 MpogirieM MIKpobIioTH KuLLeYHUKa. ToMy perysitoBaHHs CriiBBIGHOLLIEHHS KULLIKOBUX
MiKpoopraHiamis abo ix 3gaTtHocTi 4o yTBopeHHs ronepeaHnka TMAO — TMA moxe 6yTv LUISIXOM [0 PO3pPO6KU
HOBUX 3aC06iB MPoginakTuku Ta JliKyBaHHS aTePOCK/IepO3y Ta 3arobiraHHs nporpecyBaHHIO CepLeBO-CYANHHNX
YCKNnaaHeHb, y ToMy 4uchi y xsopux Ha LI2. [locrifxeHHs poaeMOHCTPYBasn, Lo iHri6yBaHHs pi3HUX eTariis rpo-
Aykuii TMAO moxe 3Hu3ntu piseHb TMAO Ta cripusiTv JliKyBaHHIO aTepOCKIEPO3Y Ta LiyKpOBOIro AiabeTy.
KntoyoBi cnoBa: metabonity kuiikoBoi Mikpo6iotu; TpumeTunamiH-N-okeng (TMAO),; MexaHiamm aTeporeHHoi
Aii; 6iomapkep kapaioMeTabosniqHuX YyCKAagHEHb LyKPOBOro giabety 2-ro tuny; ornsg

KunikoBuii MiKpoOioM € HailOIbIIOK MIKpOEKOJIOTiy-  iHBa3il €K30reHHUX 30YIHUKIB IUIIXOM Oe3MocepeaHbOoro

HOIO CHUCTEMOIO JIIOJICBKOTO OpPraHi3My, sika 0epe aKTUBHY
y4acTh y MiATPMMaHHI TOMeocTasy Ta €HEepreTUYHOMYy 00-
MiHi, TICHO B3a€MOZIIOYM 3 yciMa iHIIMMM CHCTEMaMH Op-
TaHi3My: TPaBHOIO, €HIOKPUHHOO, IMyHHOIO, CEpLIEBO-CY-
IWHHOIO, HepBoBolo To1o [1, 2]. Hampukinan, KomeHcanbHa
MiKpo0ioTa BIUTMBAE Ha TisUTbHICTh IMyHHUX KJIITUH Y CJTU30-
Bii1 00OJIOHIII KMIIIEUHHMKA, Bilirpa€ 3HaYHy PoOJib Y IPOTUIil

TPUTHIYEHHSI TTATOTEeHHUX 0aKTepill, a TAKOX CTUMYJTIOBAH-
Hs1 iIMyHHOI cucTeMM. Taki MpoayKTh MiKpoOHOro merabdo-
JI3My, K KOpoTKomaHioorosi xupHi kuciaotu (KJIKK),
MPUCKOPIOIOTH META00JTi3M, picT Ta ArdepeHIIiallito KUIITKO-
BUX KJIiITUH, 3a0€3Ie4yIOTh EHEPri€lo eiTeliaabHi Ta M’ sI30Bi
KJIITUHU KUIIEYHUKA, HUPOK, Ceplisi, MO3KY, a TAKOX OepyTh
y4acTb Yy JIIIOreHe3i Ta CUHTE3i TOPMOHIB |3, 4].
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AK Bimomo, 3MiHM SIKICHOTO i KiJIBKICHOrO CKJIamy
KUIIIKOBOTO MiKpoOioMy MaloThb BUpaXKeHWM BIUIMB Ha
BCi cUCTeMM OpraHi3my. TUIIOBUM BUSBOM TaKOTO BILJIUBY
€ TaK 3BaHi HeKoMyHikaTtuBHi 3axBopioBanHsg (HK3), axi
BU3HAYAIOThCS SIK Tpyra HeiH(peKLiHUX XpOHIYHUX cTa-
HiB, IO MPU3BOMSATH M0 JOBFOCTPOKOBUX HACIHIOKIB IJIs
3/I0pOB’sl i YACTO BUKJIMKAIOTh MTOTPEOY B IOBrOTPUBAIIOMY
JIiKyBaHHi Ta morjsi [5]. 3a nanumu BOO3, 1t rpyna XxBo-
po6 cripuunHsie 1o 70 % cmepreit y cBiTi [6]. Jlo HalGiLIbII
nomupeHux HK3 Ha cboroani BinHocsATh MeTaboTiuHi 3a-
XBOPIOBaHHS, TaKi SIK aT€POCKIIEPO3, OXKUPIHHS, LIYKPOBUIA
niadet 2-ro tuny (LIJ12) Ta cepiieBo-cyIMHHI 3aXBOpIOBaH-
Ha (CC3).

3rigHo 3 ganuMmu MixHapomgHoi giabeTUuHOI demepa-
1ii, craHoM Ha 2022 pik y cBiTi 3apeecTpoBaHi OJU3bKO
537 MUIH XBOpMX Ha LIYKPOBMI mia0eT, 32 MPOTHOCTUIHM -
MM OLliIHKaMM eKcrepTiB, 10 2045 poKy KiJIbKiCTb JIoIeH i3
JaHUM 3aXBOPIOBAHHSIM Y CBiTi 30UIBIIUTHCS 10 783 MIIH,
85—90 % i3 sikux cTaHOBUTUMYTB ocobu 3 LIJ12 [7].

112 € XpOHiUHUM MeTaOOJIYHUM 3aXBOPIOBAHHSIM,
JUIS1 SIKOTO XapaKTepHU I BUCOKUU PiBeHb TIIIOKO3U B KPOBI
3a YMOB iHcyJiHope3ucTeHTHocTi (IP) Ta BigHOCHOI Heno-
CTaTHOCTI iHCYy/IiHYy. 3axBOpPIOBaHHsS IOB’sI3aHE 3 ITOCTY-
MOBUM DPO3BUTKOM AUCOYHKIT B-KIITUH MiAIUTyHKOBOT
3aJI031 Ta iX HEUYTJIMBOCTI OO iHCYJIiHY Ta MHiZBUIIEHOTO
PiBHSI TJIIOKO3U, a OCHOBHUM TPUTE€POM JIaHOTO 3aXBOPIO-
BaHHsI € XPOHIYHE 3amajieHHs, CIIpUYMHEeHe nrucbalaHCOM
Mpo3anajbHUX Ta MPOTU3AMATIBHUX PETYJIITOPHUX (DaKTO-
PiB y XXMPOBIiit TKaHUHi [2, 8].

Bimomo, 1m0 oxwupinHsg € BaroMuM (HakKTOpOM pPU3H-
Ky st po3Butky L2, mo npusBoauth no IP. OcranHs
OB’ s13aHa 3i 30LIbIIeHHSIM KOHIIEHTPAllii BUIbHUX XKUPHUX
KHUCJIOT, 1110 CIIpUsIE AiabeTUYUHIl TuCirniaeMii — omHOMY 3
ocHOBHUX (hakTopiB puzuky CC3 y xBopux Ha LI/12.

3MiHMN CKAGAY KULLIKOBOT MiKpo6ioTn
npY AMCMETABOAIYHMX CTAHAX

OcTaHHIM YacoM HaOyau HaJA3BUYANHOI aKTyaJIbHOCTI
IOCJIiIXKEHHS 3MiH KMIITIKOBOI MiKpO0OiOoTH Ta X 3HAYeHHS Y
puHukHeHHI HK3, 30kpema oxupinus, LIJ12, CC3 [9]. Pe-
3yJIbTaT HU3KU JOCHTIIKEHb T03BOJIUINA BUSIBUTH TaKi BiJl-
MIiHHOCTI KMIIIKOBOI MiKpo06ioTn MixX mamientamu 3 LIJ12 i
3J0POBUMU 0CO0AMM, SIK MEHIIA KiIbKiCTh OyTUpaT-Ipo-
nykytounx Clostridiales (Roseburia i F.prausnitzii) i Oiu1bII
BUCcOKa — Oyrupat-Henponykyiouux Clostridiales Ta Clos-
tridium clostridioforme [9, 10]; ycTaHOBJIEHO 3HAYHE 3MEH-
1IeHHs KinbKocTi Bifidobacteria, Clostridium ta Firmicutes,
30inbleHHs Bacteroides [11]. B iHmux poborax B ocib i3
11J12 Bin3Havyaau 3MeHIIeHy KUTbKICTb Verrucomicrobium ta
30inbleHHs Bacteroides, E.coli ta Desulfovibrio [12, 13].

3a TaHUMU IOCIiIKEeHb, y TIALliEHTIB 3 aTePOCKIEPO30M
Ta CC3 MOXYTH Bim3HavaTucs TaKi 3MiHM CKJIamy KWIII-
KOBOI MiKp00ioTH, SIK 3MEHILIEHHS KiJIbKOCTi Roseburia Ta
Fubacterium, 36inpmenHs anceabHocTi Collinsella mopiB-
HSTHO i3 3mopoBuMH TarieHTamu [14—17]. Kpim Toro, 6yJ1o
BUSIBJICHO, 110 A.muciniphila mokpaiiye 0ap’epHy (yHK-
11i10 KUIIIEYHUKA Ta YUHUTH TTPOTUATEPOCKIEPOTUYHY JIit0
[18, 19].

V mauieHTiB 3 imemigHo10 XxBopoboto cepist (IXC) cro-
cTepiraloTb MOPYILIEHHSI CIiBBimHOIEHHS Firmicutes/Bac-

teroidetes, 3MEHIIIEHHSI YMCEIbHOCTI OakTepiil Tumny Bac-
teroidetes Ta 30LbIIEHHST YMCEIBHOCTI OaKTepill MOPSIKY
Lactobacillales, 36inbiieHHs1 4yucenabHOCTI Enterobacteri-
aceae 1a Streptococcus Spp. y TIOEAHAHHI 3i 3HUXKEHHSIM
yucenbHOCTI Bacteroides spp. Ta F.prausnitzii, aKuii BUSIB-
Jisie mpoTu3anajipHy aito [20—22]. HeraTuBHy Kopessiiito
MixX Streptococcus spp. Ta Bacteroides spp. croctepiraau
qmire B naiieHTiB 3 IXC, Toai SIK MO3UTUBHA KOPEJSIIist
MixX Bacteroides spp. Ta Erysipelotrichaceae BU3Hayaaach
Jmie y 310poBux ocid. Takox Bimomo, 1110 B Malli€HTIB i3
CEpLEBOI0 HEJAOCTATHICTIO CIOCTEPIraeTbcsl 30LbLIEHHS
yncelbHOCTI Ruminococcus, Acinetobacter ta Veillonella, a
TaKOX 3MEHIICHHS KibKocTi Alistipes, Faecalibacterium ta
Oscillibacter |23].

MoAeKyAspHi MexXaHi3MU MeTA60AIYHNX
edeKTiB KMLLKOBOI MiKPOGioTn

3rigHo 3 MaHWMHU JITEpaTypyd ChOTONEHHS, PO3IJIsma-
I0Th TPY TOJIOBHI ME€XaHi3MU, SIKi OITOCEPENKOBYIOTh Y4acTh
MiKpoOiaJIbHUX MeTaOouiTiB y maTtoreHesi LIJI2: Teopis
KJI2KK, Teopist 5KOBUHUX KUCJIOT Ta TEOPist eHIOTOKCUHIB.

KJIZKK (auerart, mpormioHat, OytupaT Ta iH.) 3daTHi
ITIKWCIIOBAaTH CEPeIOBUIIE B TOBCTil KUIIIIi, iHTiOyBaTHA
piCT YMOBHO-IIaTOTeHHMX OakTepiil, minTpumyBatu Oa-
JIaHC BOJIM Ta €JIEKTPOJITiB, MOKpAILyBaTH MEPUCTATBTUKY
KuieyHuka. byno mpoaemoHcTpoBano, mo KJIKK mo-
KYTb iHTIOyBaTM MPONIYKIIil0 MpoTU3analbHUX (haKTOpiB,
tomMy 3HUxkeHHs1 nipoaykiii KJIKK 3a ymoB nucbanancy
KUIIIKOBOI MiKpOOiOTH aCOLiIOEThCS 31 3HUXKEHHSIM IIpO-
TU3aIMaJIbHUX BJIACTUBOCTEN KUILIKOBOTO TPAKTYy i BUHUK-
HEHHSIM 3amnajJeHHs KulleyHuKa [2]. 3HUXEeHHS piBHS
OyTHUpaTy NPU3BOAUTH IO 3MEHIIEHHS CTUMYJISLII ceKpe-
Lii MiAIUTYHKOBOT 3aJ1031, BHACJIIIOK YOTO 3HUKYETHCS Pi-
BEHb TJTIOKAroHy, iHCYJIiHY Ta YyTJIMBOCTI 10 iHCY/iHY [24].
Bucoxkuii piBeHb OLITOBOI KMCJIOTH, Yepe3 aKTUBALIiIO Ia-
pacuMIaTUYHOI HEPBOBOI CUCTEMU, CTUMYJIIOE iHCYJIiHO-
CeKpeTOpHY (PYHKIIi0 -KITiTHH MiAIUTYHKOBOI 327103, 1110
MPU3BOAUTH 0 MOCUJICHHSI CIIOXMBAHHS 1Xi Ta PO3BUTKY
MeTaboJiuHoro cuuapomy i LIZI2 [25].

2KoBuYHi KMCJIOTH € TIPOIYKTOM METa0O0JIiYHOTO po3na-
Iy XOJIECTepUHY B MeviHlli. K KOMIOHEHT >KOBYi, BOHU
BillirpaloTh BaXXKJIMBY POJIb Y MOTJIMHAHHI, TPAHCTIOPTY-
BaHHI Ta PO3MOiJIi XUPY Ta XXUPOPO3UMHHUX BiTaMiHiB.
Kpim TOT0, 3KOBUHI KUCIOTU BUCTYHAIOTh B POJIi CUTHAJIb-
HOI MOJIEKYJIM B peTyJIsdLii eHepreTMYHOro oOMiHYy Ta B
3a0e3mneuyeHHi cymnpecii HaaMipHOi mpoJidepallii KMIIKO-
Boi Mikpo06ioTu. TakoxX >XOBUHI KMCJIOTHM IMiIATPUMYIOTh
Oap’epHy (YHKIIIO KUIIIEYHUKA, a BilTaK MOPYLIEHHS
KUIIIKOBOT MiKpOOiOTH MPU3BOAUTH A0 3HUXKEHHS TE€He-
pyBaHHSI BTODMHHUX XOBYHMX KMCJIOT, 110 B IMOJAJIbIIO-
My TIPU3BOJIUTH 10 MOPYIIEHHS OOMiHY TJIIOKO3U Ta BU-
HukHeHHs LIJ12 [26].

Enporokcunn € jinonoiicaxapugHum (JITIC) komro-
HEHTOM 30BHIIIHHOTO IIAPy KJIITMHHOI CTIHKM T'paMHera-
TUBHMX OakTtepiid. [li€Ta 3 BUCOKMM YMiCTOM XHpY TpH-
3BOAUTH OO PO3BUTKY OMCOiO3y, 30KpeMa OO0 3HWKEHHS
GicdimobakTepiii i JakToOaKTepiii Ta 30iMbIICHHS] TPaMHE-
ratuBHUX Oakrtepiit. I[1ponukHenHs JIIIC yepe3 Kulko-
BUI Oap’ep 3yMOBJIIOE BUHUKHEHHSI METa0OJIiYHOI eHJI0-
TOKCEMIi Ta CIpusie 3anajieHHo i po3BuTKy [P [27, 28].
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TpumeTnAamiH-N-OKCHA:
MiKPOGIOAbHUI METABOAIT —
6iomapkep pusnky CC3

V cyuacHiii JiTepaTypi aKTUBHO OOTOBOPIOETHCS I10-
TeHUiliHa y4acTb TpumeTuiaMiny-N-okcuay (TMAO)
SIK CITOJIYYHOI JIJAaHKU MiX Ii€TOI0, MiKp0OOiOTOIO KUIIIeY -
Huka ta CC3. YTBOpeHMIii ITepeBakHO 3 XapuyOBOI'O XO-
JIiIHY Ta KapHITUHY KUIIKOBUMM OaKTEpisIMU 3a y4acTio
nevyiHkoBoi (aBiHBMicHOI MoHookcureHasu (FMO),
TMAO 3a yMOB XpOHIYHOIO IiJIBUILEHHS MOro piBHS
MOXE CIIPUSITH KapmaioMeTaOOJiYHMM 3aXBOPIOBAHHSIM
(puc. 1).

IIpoTe MexaHi3Mu, 1110 BU3HAYAlOTh KOHTPOJb HAa
mupkyaoouuM TMAOQO, 3apa3 HeoCTaTHBO BUBYEHi. Taki
YMHHUKM, SIK Ai€Ta, BiK, Maca Tijla, CTaTeBi TOPMOHU, HUP-
KoBUii KiipeHc, ekcrpecias FMO3 Ta reHetnunuii ¢oH,
MOXYThb TiosicHuTu juiie 25 % mucrepcii TMAO. Ilpu-
MYCKaloTh, 110 miaBuileHHs piBHI TMAO mpu nucmera-
oomiunnx craHax (oxupinni, L2, aTtepockneposi abo
IXC) 3HauyHOIO Mipoto ToB’s13aHe 3 npodiieM MiKpobioTu
kuieunuka [29, 30].

Meta6oaiam TMAO

VY pesynbrati MiKpoOHOro MeTaboj1izMy 3 KUILIeYHUKA
Xap4oBoro dochaTuanIxodiHy Ta L-KapHiTUHY BUpOOISI-
erbcst TpuMeTriiamid (TMA), aKuii ToTiM TpaHCIOPTYETh-
Csl 10 MEeYiHKM Ta MEePETBOPIOETLCS HAa TpUMETUIaMiH-N-
OKCHJI 32 y4acCTIO OJIHOTO 3 WIEHIB POJAMHU TEYiHKOBUX
depmentiB FMO [17, 31-35] (puc. 2).

CrioxXvBaHHS Y€pPBOHOTO M’sIca Ta MOJIOUYHMX TTPOIYK-
TiB, 6araTux XoJliHOM, OeTaiHOM, KapHiTMHOM Ta TpUMe-
TWUTI3UHOM, TIPU3BOIUTH 10 BUPOOJIECHHS TPUMETWIaAMiHY
MEBHOIO KUIIIKOBOIO MiKpobioToro [37].

XO0JiH pO3LIEIUIIOETHCS XOJIHTPUMETUIaMiH-J1ia3HOIO
cuctemoto (CutC/D) xumkoBoi ¢iopu 3 yTBOPEHHSIM
TMA, docharunuixoniny Ta miinepodochopuIxoiny.
berain moxe BigHOBmIOBatHcs 10 TMA 3a nomomoroto
OeraiHpenyKTa3u. L-KapHIiTHH Moxe OyTh Oe3IrmocepeIHbO
neperBopeHnii B TMA uepe3 CntA/CntB, otpumanuii i3
KUIIKOBOI (pyiopu, a TakoxX B y-OyTupoOeTaiH i OeTaiH, a
MHOoTiM IepeTBoproeThesl Ha TMA uepes3 (pepMeHTHY cucTe-
My yeaW/yeaX kumikoBoi ¢iopu. TMA Moxe OKMCHIOBa-
trcst 10 TMAO uepe3 TMediHKy i KUIIEeYHUK i TOTparuisiTu
B KPOBOOOIT.

TMA mniepetBoproeTbest B nedinii Ha TMAO 3a norio-
MOTOIO0 KJII0YOBOro ¢epMeHTy (p1aBiHMOHOOKCUTeHa3u 3
(FMO3). B ekcriepuMeHTaJIbHOMY JTOCTiIKEHHI BUSIBJIE-
HO, 1110 3HMKeHHSsT BMicTy FMO3 y iHCYliHOPE3UCTEHTHUX
MUIIIeit Moxe 3MeHIryBaty BupoOjaeHHsS TMAO i moBHi-
CTIO 3am00iraTv po3BUTKY TiMeprilikKeMii, TirmepJimiaemii Ta
arepockiieposy y TBapuH [32]. Lli mocmimkeHHs cBigyaTh
npo Te, mo nuisix TMAO, kepoBaHMT KUIIIKOBOIO (hJI0pOIO,
TiCHO IOB’sI3aHMI i3 MiKpOOHMM MeTa00J1i3MOM CTEPOJIiB i
JKOBUYHMX KUCTOT. Takum ynHom, TMAO Moxe CTUMYJTI0-
BaTH PO3BUTOK aT€POCKIIEPO3Y, BIULIUBAIOUM HAa META00JTi3M
JKOBYHUX KHUCJIOT i XOJIECTEPUHY.

Iigsnmennit TMAO moxke crnpusatu CC3 yepe3 3a-
najeHHs, OKMCHIOBAJbHUI CTpeC, aKTHUBi3allilo pelern-
TOPiB-TIOTJIMHAYIB, iHTiIOyBaHHSI 3BOPOTHOTO TPAHCIIOPTY
xojiectepuHy (RCT) ta cepuieBo-CynMHHY AUCHYHKIIITO.

| KuvpHi kuenotu ixi |

Kuwkosa
MikpobioTa

CepueBOo-CyauHHI
3axBOpPIOBaHHS

PucyHok 1. B3aeMO3B’sI30K MiX Xap40BUMU
XKUPHUMU KUCIIOTaMU, MiKpObGIOTOIO KULLIEeYHUKA
Ta cepLieBO-CyANHHNMMU 3aXxBOPIOBaHHAMMU: 1 — BrNB
Ha npopaykuito Tpumetunamivy (TMA) kuLikosoro
MiKpob6ioTolo; 2 — BrINB Ha aKTUBHICTb Ta €KCrpecito
FMO 4epes papHesoigHumii peyentop X (FXR)
(aganTtoBaHo 3 He M. et al., 2020)
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PucyHok 2. MonekynspHa 6ygosa TpumetTunamiH-N-
okcuay Ta vioro rnornepeaHukiB [36]

OpHak KOHLEHTpAIllil, 1110 BIUIMBAlOTh Ha 3alajeHHs, pe-
nenropu-norauHadi Ta RCT (= 100 MmkM), mocsaramoTbcs
JIUIIIE TIPU PO3BUHEHIl ceplieBili HeIOCTaTHOCTI abo Xpo-
HiYHii XBOpOOi HUPOK i 3HAYHO MEPEBUIIYIOTH PiBeHb Ma-
ToreHHOCTI < 1—5 MKM.

IcHyioTh 10Ka3u Toro, 1o pusuk CC3 HeuyTauBUil 10
nucrepcii TMAO 3a mexaMu LIuX PiBHIB Y BCEITHMX i Be-
reTapiaHiiB i mo ocHoBHi mxepenra TMAO € Kapmiornpo-
TekTopHUMU. OLliHKA HasIBHUX JAHUX CBITYUTD PO Te, 110
nomipHe migBuineHHss TMAO (< 10 MmkM) € HemnaroreH-
HMM HaCJIiIKOM Pi3HOMaHITHUX (haKTOPiB pU3UKY (CTapiH-
HSI, OXWPIHHS, AUCTiNigemisi, iHCYJTiHOPEe3UCTeHTHICTh/
LI, nucdyHKIIisi HUPOK), OMOocepeaKoBaHO BigoOpaxkaro-
g pu3uk CC3. Tum He meHIle TMAQO MoXe mepeBUIIUTH
rnaroreHHU# 1opir 3a ymoB CC3/XXH, BropuHHO cripu-
SI0OYM TIPOTPECYBAHHIO 3aXBOPIOBaHHS. TakUM 4YUHOM,
TMAO moxe BimoOpaxatu panHiit pu3uk CC3, 3abe3re-
YYIOUU MPOTHOCTUYHUI OioMapkep a0 BTOPMHHY MillIEHb
IIpY BCTAaHOBJIEHil XBOpoOi, xoua BHecoK y CC3 ouikye Ha
IMiITBEPIKEHHS.
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biomapkepu Ta YNHHUKK PO3BUTKY CC3,
NOB’A3AHI 3 MiKPOGIaGABHUMU
MeTaboAiTaMmu

ATepockiiepo3 — CHUCTEMHE 3aXBOPIOBAHHS BEJUKMX
i cepenHix aprepiit Ta omHa 3 mipoBinHuX npuunH CC3 Ta
CMEPTHOCTI B YChOMY CBiTi. ATepoCKJIepo3 XapaKTepHu-
3YEThCST TUC(PYHKIIEI0 €HAOTENiI0, 3amajeHHsIM CYyIuH i
HAKOIMUWYEHHSIM JIiMiliB, XOJIECTepUHY, KaJbllil0o Ta KJIi-
TUHHOIO JETPUTY B iHTUMi CyOMHHOI CTiHKM, IO CIIPUSIE
YTBOPEHHIO aTePOCKJIEpPOTUYHUX OJistmok. Lle XxpoHiuHe
3arajbHe 3aXBOPIOBAHHS BKJIIOUAE CKJIa[HI B3aEMOIT MixX
JinigaMu, eHAOTeTiaIbHUMU KJIITUHAMU CyOWH, iIMyHHU-
MU KJIiTUHAMM, a TAaKOX KJIITUHAMU TJIaJKOI MyCKYJIaTypH.
HaiinommpeHimmMu  HacligkaMu aTepOCKIEPOTUYHOTO
MpoLIeCy € TroCTpuii KopoHapHMit ckiiepos, IXC Ta iHImi
cepleBo-cyauHHi posnanu [19, 20, 22].

Lle 3yMOBIII0€ OCOBJUBY aKTyaIbHICTh PO3POOKU UyT-
JIMBUX NiaTHOCTUYHUX OioMapKepiB Ml KOHTPOIIO IPO-
rpecyBaHHSI 3aXBOPIOBaHHS Ta HOro TeparneBTUYHOI CTpa-
Tudikarii. JocaimkeHHsT TPOsIBIB aTepOCKIEPOTUUYHOTO
3aXBOPIOBAHHS 3 BUKOPUCTAHHSIM METa0OJIOMiYHOTO i/~
X0y JTOTIOMOIJIO ieHTUdiKyBaT Ta KiJIbKiCHO OLIIHUTH
KiJIbKa MeTa0OITiB, SIKi BiIirpaloTh BUpPIIIaIbHY POJIb IJIs
NiarHOCTUKY Ta JOCSTHEHHS TepaneBTUYHUX 1iijieil. byno
BUSIBJICHO, 1110 3aJIEXKHUM BiJl KUIIIKOBOI (DJIOpY HU3BKOMO-
JIEKYJISIPHUI METa0OJIIT, SKWi1 IUPKYIIIOE B IIJ1a3Mi KPOBi —
TMAO, € He3anexXHUM (HaKTOPOM PUBUKY, IKUI MiABUIILYE
pusuk IXC. TMAO Moxke IOCHINTHU IIPOLIeC aTepOreHe3y
yepe3 HOBUI MeTaopraHi3MeHHMI MeTaOOJiYHUI IIISX,
30KpeMa TMOCWJIIOI0UM 3afajieHHs] CYAWH, TMOTiplIyioun
(YHKIIIT CyIUH i MOPYIIYyIOUM TOMEOCTa3 XOJeCTEPUHY Ha
pizHux piBHsX [38, 39]. KiiHiuHMMU Ta eKcrepuMeHTalb-
HUMM JOCITIIXKEHHSIMU JOBEJIEHO, 1110 PiBHI KUIITKOBUX Mi-
KpoOHUX MeTaboiTiB dhochatuamnxoiny Ta TMAQO, mo-
nepenHuKaMU SIKUX € cropinHeHi MoJiekyan (L-kapHiTuH
Ta y-0yTupobeTain), nos’s3aHi 3 pusukom CC3 [40—42].
Bumnit piBens TMAOQO y mra3mi KoperoBaB i3 pO3BUTKOM
aTepoCKJIEpO3y Ta PO3MIpPOM JiJISTHKU aTepOCKIEPOTUIHOT
otk [43, 44]. InmmMm nonepeagnukoM TMAO, sxuit
TaKOX MOXe CUHTe3yBaTUCh OaKTepisimu, € 6etaiH. betain
TOJIOBHUM YMHOM i€ SIK OCMOJIIT, TOOTO 3aXMIIA€ KJIITUHU
Ta OLJIKY Bil OCMOTUYHOTO CTPECY.

Kniniuni qoc/tipzKenHs BUCBITIMIM 3B’S130K MiXK KOHIIEH-
Tpauiero TMAO B 1m1a3mi Ta pu3MKOM CMepTi, iH(papKTy Mi-
okappa (IM) Ta iHcysbTy B mattieHTiB 3i cradibHOI0 [XC abo
TOCTPUM KOPOHApHUM CUHIApoMoM. KJTiHiuHi i momyJisiiiiiHi
TOCJTIIKEHHST IEMOHCTPYIOTh, 1110 YMM BUIIIAa KOHIEHTPALLisT
TMAO y mna3Mi, TUM OijIbIIa TMOBIPHICTh TSDKKUX Ceplie-
BO-CYIMHHUX Ta 1IepeOpoBacKyIsipHUX nofiit [43, 45—49].

Hanpukian, mocmimkeHHs1 KoHueHTtpauii TMAO Ta
iioro momnepeaHuKiB cepen 1726 maiieHTiB 3 (yHKIIO-
HaJIbHOIO ileMiuHo0 XxBopoboto cepist (HIXC) mpone-
MOHCTpPYBAJO, 1110 PiBHi OeTaiHy, XOJiHYy i KapHITUHY MPO-
SIBJISIIN 3HA4YHy acowianio 3 GIXC, ane Manmm oOMexxeHy
JiarHOCTMYHY 1iHHicTb. TMAO OYB CUIBLHUM MPEAUKTO-
poMm cMepTi Bin Bcix mpuuuH i CC3 mpoTsarom 5-pidHOTO
CIIOCTepeKeHHS B MAlli€HTIB i3 mimo3poio Ha GIXC. ¥ mpo-
rHocTuYHMX aHanizax TMAOQO, XoJiiH i KapHIiTUH 3ajJula-
JIMCh 3HAUYyIIuMK Ipenukropamu cMepti Ta CC3 mmicis
MpOoBeNeHHSs Kopekilii hyHKIIii HupoK [37].

[HIIIe mocimKeHHs, MpoBeaeHe B TainaHmi, BKIIOYWIO
134 mauieHTiB i3 CYOKIiHIYHUM ypakeHHSIM MioKapaa, Y
SKNX oliHioBayM piBeHb TMAQ Ta BUCOKOUYTIMBOIO CEep-
neBoro tpornoHiHy T (hs-¢cTnT) (cremucdpiuHoro Giomap-
Kepa ypaxkeHHs1 Miokapaa nipu IM Ta KopoHapHOMY CHUH-
JpoMi) B I1a3Mi KpoBi. BusiBjieHO, 1110 MaLliEHTH TTOXUJIOTO
BiKy Ta mamieHnTu 3 L] abo apTepianbHOIO rinepreH3ieio
yacrime Manu nigpuiieHi piBHi TMAO, siki Oyau 3Ha4HO
OiLTBIIMMU B TIAIIEHTIB i3 CYOKJIIHIYHUM ypaXkKeHHSIM Mi-
oKapja i 3HaunuMo KopeJitoBaiu 3 okasHukaMu hs-cTnT,
HaBiTh MiCJIs1 KOPUTYBaHHS TPaaULiiHUX (HAKTOPiB pU3M-
ky CC3. Lle mociimKeHHs IPOIeMOHCTPYBAJO, 110 PiBeHb
TMAO y nna3mi OyB He3aJIesKHUM TPEAUKTOPOM CYOKITi-
HiYHOI0 ypaxKeHHsI MioKap/a B 1iii morryJsiii [50].

MoAEeKyYASpPHi MeXAHI3MU aTepPOreHHux
edekTie TMAO

InenTugdikoBana HM3Ka MeXaHi3MiB, 3a JOTIOMOTOIO KX
TMAO cripusie po3BUTKY aTepOreHe3y, HarpyKJIaz IMpUTHi-
YEeHHSI PEBEPCUBHOIO TPAHCIIOPTY XOJIECTEPUHY, OJIOKYBaH-
HSI IUISIXiB CUHTE3Y i TPAHCMEeMOPaHHOTO TPAHCITOPTY 3KOBY-
HMX KUCJIOT, HaIMipHa akTUBallisi TPOMOOLMTIB [19].

Cymunna mucynkuisa: TMAO cnipusie OKMCHIOBAIBHO-
My CTpecCy Ta 3alajJIeHHIO B €HIO0TeTiaTbHUX KITiTUHAX.

Sx Bimomo, eHmoTelialbHi KIITUHU BimirpaimoTh LIeH-
TpaJibHYy pOJIb Y MiATPUMIILi TOMeocTady (PyHKIIii KpOBOHO-
cHux cynuH [51]. [TaTodiziooriyHo0 OCHOBOIO €HI0Te/Ti-
aJbHOI TUCGYHKILIT € MOYJISILLSI €HA0TeNiaIbHOT CUHTA3U
OKCHUAY a30Ty Ta aKTUBALlisl €HIOTENiI0 MiCas CTUMYJISLLIT
MeliaTopaMU 3anajieHHsl, TAKUMU SIK OKMCHEHI JIMOIpo-
TeIHM Ta IUTOKIHM. Y TOCIIIKEHHSIX ITPOAEeMOHCTPOBAHO,
mo TMAO Moxxe crpusiTh aKTUBallil CUTHAJIBHOTO IUISIXY
3amnajeHHs yepe3 akTuBalio iHdaamacomHoro NOD-1o-
nioHoro peuentopHoro 6inka 3 (Nlrp3), 1o npu3BoauTh
IO TIOCUJIEHHSI OKUCHOTO CTPECY i, Y CBOIO YePTY, PO3BUTKY
eHoTeiaTbHOI JucyHKIIT [52].

TMAO BrMBae He JMlIe Ha KJIACUYHI 3anajibHi cCUr-
HaJIbHI LIJISIXW Ta iH(pJaMacoMu, ajie i Ha iMyHHi LIMTO-
KiHu. EXcriepyMeHTH in vivo Ta in vitro iATBEpAUIU, 1O
TMAO Moxe BUKJIMKATH 3allajleHHsI eHI0TelialbHUX KTi-
THUH, i TTOAiOHI pe3yJbTaTh MOXHA CIIOCTEpiraTy B JIIOACH.
B excnepumeHTax Ha MUIIaX BUSBJICHO, 10 30LIbIIEHHS
uupkysorodoro TMAO 3Huxye cekpetito [L-10 i cipu-
YUHSIE 3aMajeHHsI CYIUH, CIIPUSIOYM eHIO0Te liaabHill nuc-
¢ynkii. Takum ynaHOM, HakommueHHI TMAOQO He TiabKu
MMOCHJTIOE OKMCHIOBAJIbHUI CTPEC i OIIKOIKEHHS €HIOTe -
JIiaJIbHUX KJIITUH Ta iX MIPOHUKHICTb, aje i IIPpU3BOIUTH 10
30iablIeHHs ekcrnpecii eHpoTenianbHoi NOS, THM camMum
MOCUJIIOI0UM TIPOrpeCcyBaHHS 3aXBOpIoBaHH [53, 54].

Cymunna kaabuudikanis (CK) — e sBuine aucemiHo-
BAHOTO BiKJIaAeHHS MiHEPAJIbHOTO BMICTy B MeliaIbHOMY
mapi aptepiii. CK BBaxaeTbCsd aKTUBHUM OCTEOT€HHUM
MpOoLIeCOM, TMOAIOHNM /10 YTBOPEHHSI OCTe00J1acTiB, BOHA
BKJIIOYA€E CTalii oCTeoreHHoi audepeHIialii, 103piBaHHs
MaTpuKCy Ta MiHepaizailii Marpukcy [55]. IcHye npumy-
meHHs, 1mo TMAO crpusie ocTeoreHHiit audepeHiiartii
[JIAIKOM SI30BMX KIITHUH Ta KajabLM(ikallil cymuH depes
akTuBYBaHHs iH(iamacomu NIrp3 i cUTrHaJbHOrO IUISI-
xy. Kpim Toro, mocnimkeHHs in vitro BusiBuio, 1mo TMAO
MOXe MOCUJIIOBaTU CUTHaNIbHUIA 1uisix NF-kB, crumyio-
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BaTU aIMIIOTeHHY OudepeHIliallilo Ta iHrioyBaTu OCTeO-
reHHy AudepeHiailito Me3eHXiMaTbHUX CTOBOYPOBUX KJTi-
THUH KiCTKOBOTO MO3KY [56].

ITinoyrBopenusi makpodaris: TMAO cripusie nepeTBo-
peHHI0 MakpodariB y MHUCTI KJIITUHU.

Makpodaru BimirpaloTb BUpILIAJbHY POJb Y PO3BUTKY
aTepoCKIIEPO3y, UEHTPATBbHOIO 03HAKOIO SIKOTO € MPOHUK-
HEHHs MakpodariB y CyIMHHY CTiHKY Ta iX TpaHcghopMallis
B MIHUCTI KIITUHU Yepe3 HEKOHTPOJIbOBAHE HAKOTTUUEHHS
JinomnporteiHiB [57]. TMAO Moxe BIUIMBaTH Ha PO3BUTOK
Ta MPOTPECyBaHHS aTepPOCKIepO3y IUISIXOM aKTHUBi3allii
peLenTopiB-TOrJIMHAYiB, TaKUX SIK KJacTep nudepeHIlio-
BaHHs 36 (CD36) i peuenrop-normnHay Kiacy A tumy 1
(SR-A1) [43]. TMAO, momioHO 10 OKMCHEHMX JIITOIPO-
TeiHiB HM3bKOI HIibHOCTI (0XLDL), Moxe cripusatu au-
¢epeH1ialii MOHOLIUTIB Y Makpodaru, sKi MOTJIMHAIOTh
oxLDL i mepeTBOpIOIOTHCS Ha MIHUCTI KIITUHY [58].

V BinnoBiap Ha MOAPa3HUKKM HABKOJIUIIIHBOTO CEPeao-
BUIIIA MakKpodarn MoXyTh OyTM aKTMBOBaHiI Ha JIEKiTbKa
MiATUTIB, BKJIIOYAIOUU [Ba MPOTUIEKHUX (PEHOTUMOBUX
cTaHu 3 Tipo3anajbHuMu M1 i mpoTuzananbHIMKU M2 KJTi-
uHamMu. TMAO iHaykye nossipusaniro M1 makpodaris
LIJISIXOM 3B’SI3yBaHHSI HYKJIEOTUIB 3 OiJIKOM 3 pelenTopa,
MomioHUM 110 momeHy ojiromepu3saiii (Nlrp3), 1o nmocu-
JIIOE peakllilo TpaHCIUIaHTaTa MPOTUM opraHizmy. Takum
yrHOM, TMAQO mocuiioe yTBOPEHHS aTepOCKIepOTHY-
HUX OJIIIIOK, CTUMYJIIOIOUM 3alajibHy iMYHHY BiJIIOBiAb
MakpodariB Ta ix Imepexia B IMHUCTI KIIITUHM.

CTpec eHAONAA3MATUYHOIO PETUKYAYMY

Ennornnaszmatuynuii perukyiaym (EP), moenHaHwmit i3
30BHIIIHBOI0O MEeMOpaHOIO SIAEPHOI OOOJIOHKHU, BiAirpae
KJTIOYOBY POJIb SIK LIEHTpajlbHA €yKapioTM4Ha MeMOpaHHa
opraHeJsa i BiIllOBila€ 3a CMHTEe3, 3rOPTaHHS Ta J03piBaH-
HsI MeMOpaHHUX i CEKpeTOBaHUX OiJIKiB, OI0CUHTE3 JiMiliB
i 30epiranns kanblito. Ctpec EP — 11e ctaH, 1110 Bigirpae
BaXXJIMBY POJIb Y PO3BUTKY pizHux CC3, mpu boMy HaKO-
MUYEHHS PO3TOPHYTUX/HENPABUIBHO 3TOPHYTUX OLIKiB
noB’s13aHo 3 po3nagaMu EP, Bukiukanumu pizHuMu izio-
JIOTIYHMMH Ta TAaTOJIOTiYHUMU cTaHaMH [59].

Bussieno, 1o TMAO y ¢i3zioforiyHux KOHLIEHTpaILisiX
3aXUIIAE CTPYKTYPHI Ta DYHKIIIOHAIbHI OLIKM KJTITHH BifI 1O~
IIKO/DKEHHST IEHATYPYIOUMMM areHTaMu, TAaKUMU SIK BUCO-
KUIT OCMOTUYHUI THUCK, TiAPOCTATUIHUM TUCK, XJIOPUI Ha-
Tpilo, ce4oBMHA a00 BHCOKa TemItepaTypa. 3okpeMa, TMAO
JTi€ SIK XiMIYHUI MOJIEKY/ISIPHUI 11IaIIepOH, BUSIBIISIE 3aXUCHY
IIi10 Ha MAIiEHTIB 3 aCTMOIO Ha paHHIX CTAIisIX, 3MEHIIYIOY
ekcrnpecito romosoriyHoro 6ika C/EBP (CHOP) [60].

TMAO moxe BUKIMKATU Ae(eKTU CUHANITUYIHOI I1ac-
TUYHOCTI yepe3 curHaibHuii misix PERK (protein kinase-
like ER kinase), onocepenkoBanuii ctpecom EP. Y noci-
IKEHHI in vitro BusiBiieHo, 1110 TMAO iHayKye OCTeOreHHi
peaxiii B iHTepCTUILiaTbHUX KJIITMHAX aopTajJbHOIO KJla-
naHa jmoauHu yepe3 EP-miToxoHmpiaabHUIT cTpec i mocu-
JIIOE ypaxkeHHsT aopTajibHOro kjarmasna [61]. Otxe, crpec
EP mocuitioe mporpecyBaHHSI aTe€pOCKIEPO3Y, OCKIIbKU
TMAO MoXe CeleKTMBHO 3B’SI3yBaTHUCSl 3 PELENTOPOM
PERK. Icnye npunymienss, mo TMAO Moxe mocuiu-
TH YTBOPEHHS aTePOCKICPOTMYHOI OJISIIKU, aKTUBYIOUU
uutsix PERK i aktuBytoun ctpec EP.

TpomboyrBopenns: TMAO cripusie peaKTUBHOCTi TPOM-
OOLMTIB.

AKkTuBallis, arperailisi TPOMOOIIUTIB i TONAJIBIINIA BHY-
TpillIHbOAPTEPiaJbHUI TPOMOO3 € CTaMiSIMU aTEPOCKIEPO-
TUYHOTO TPOMOO3y, MPU LIBOMY TMOCUJIEHA PEAKTUBHICTh
TPOMOOIIUTIB TMOB’sI3aHa 3 iIMOBIpHICTIO BUHUKHEHHS M-
0oJtil Ta MOraHUM MPOTHO30M. YcTaHOBIeHO, 110 TMAO
3MaTHUN CTUMYJIIOBaTU PEAKTUBHICTb TPOMOOLIMTIB, a
niguiieHuit piseHb TMAQO MoXe MpOrHOo3yBaTU PU3MK
TpOMOOTHYHUX TTodill y moneii. Brums TMAO Ha TpoM-
OOLMTH MOCWITIOE 3aJIEXKHY BiJl CTUMYJTY aKTUBALIil0 TPOM-
OOLIMTIB 3a paxXyHOK 30iIbLICHHSI BUBLIbHEHHSI BHYTpIlII-
HboKITiTUHHOTO Ca’* i B Mexax (i3ioNoriyHoro miarnasoHy
koHueHTpauii TMAO, iioro BIUIMB Ha (PYHKIIil0O TPOMOO-
LIMTIB 3aJIeXKUTh Bix go3u [62]. dietnunuii xomin, TMAO ta
I1cOio3 KUIIKOBUX MiKpOOPraHi3MiB in vivo TIOTEHIIHO
MOXYTb ITPU3BECTHU 10 TPOMOO03Y. TakoX MPUITyCKalOTh, IO
minpumeHHsT TMAOQO cripusie TpoM003y LIISIXOM CTUMYJTIO-
BaHHS eKcrpecii TKAHWHHOTO hakTopa B EHIOTENi CyIuH
[63]. HocmimkeHnHs edekTiB XapuoBoro xojiny abo TMAO
Ha TBAapMHHUX MOJIEJSIX, 3 BUKOPUCTAHHAM MMUIIeH 0e3
MiKpOOiB i TpaHCIUIaHTAallii MiKpOOiOTH MiATBEPAWIN, IO
npoaykuiss TMAOQO, 3aiexHa Big MiKpoOioTH KMIIIEYHUKA,
BiZlirpa€e poJib y MOMYJISILIi1 TiIepYyTIAUBOCTI TPOMOOILIUTIB i
TPOMOOTHYHOTO MOTeH LAy [64].

Merta6oui3m xogecrepuny: TMAOQO raibMye TpaHCTIOPTY-
BaHHS$I XOJIECTEPUHY Ta MPUTHIUYY€E CUHTE3 XKOBYHUX KUCIIOT.

BinxmamenHs JimompoTeiHiB, OaraTmx XoJeCTepU-
HOM, Ha CTiHKaX KPOBOHOCHUX CyIWH, € YAaCTOK O3HAKOI0
atepockyieposy. PeBepcUBHUI TpaHCIOPT XOJECTEPUHY
(RCT) — 1ue mpotiec, 3a OMOMOIOI0 SIKOro Makpodaru
MPOTUIIIOTh HAKOMTMYEHHIO HAIJUILIKOBOTO XOJECTEPUHY,
TMOTJIMHAIOYM XOJIECTEPUH Ta TPAHCIIOPTYIOUM HMOTO 10 Tie-
qinku [65]. RCT omocepenkoBye BilTiK XOJIeCTePUHY 3 TTi-
HUCTUX KJIITUH, HAKOIIMYEHUX B aTePOCKICPOTUYHIN iHTHU-
Mi, i MA€ aHTUATEPOCKICPOTUYHUI eheKT Ha paHHiil cTamdil
aTrepocKiepo3sy. Y nocaimKkeHHi BusBiaeHo, 1o TMAO moxe
npurHivyBaTu niporiec RCT i BruimBaTu Ha MeTabo1i3M X0-
necrepuny [43]. B ekcniepumenTi Ha Muiiiax ApoE—/— Gyno
mpoaeMOHCTpoBaHo, 110 TMAQO Moxe 3MiHIOBATH CIIEKTP
SKOBYHHUX KHUCJIOT, TIPUCKOPIOBATU YTBOPEHHST a0pPTaIbHUX
ypaxKeHb i JOJAaTKOBO aKTUBYBATH AESKi SIEPHiI peLenTo-
pH, 3MEHIIIYIOUM €KCIIPECito XOJeCTepUH-7d-TiIpOKCHUIa3n
(Cyp7al), 1m0 mpu3BOOUTH A0 IMIPUTHIYEHHS CUHTE3Y 3KOBU-
HMX KUCIIOT Ta TIPUCKOPIOE PO3BUTOK aTePOCKIIEpOo3y [66].

Cy4JacHi DOCIiIKEeHHs MPOIEeMOHCTPYBaId, IO iHTiOy-
BaHHSI pi3HUX eTaniB nponykiii TMAO Moxke 3HU3UTH pi-
BeHb TMAO Ta CripusITH JTiKyBaHHIO aTepOCKIIeposy [67, 68].

OcTaHHIMU pOKaMU 3pOC/IM 3HAHHS IPO (QJIOPY KUIIIeU-
HUKa, sika BAKOHYE POJIb BEJIMKOTO €HAOKPUHHOIO OpraHa.
Ha momaTox m0 pi3HOMaHITHUX PE3UAEHTHUX OaKTepiil, sSIKi
BUKOHYIOTb Pi3Hi (OYyHKIIii, aKTUBHI METa0OJIiTU KUILIKOBOT
¢10pu TaKOX BUKOHYIOTH CKJIaaHi (GyHKii. MeTaboJiTu,
OTpPMMaHi 3 KUIIKOBUX MiKpOOiB, BCE YacCTillle ITPOITOHY-
IOThCST SIK KJIIOYOBi (DaKTOpU, HEOOXiAHI IS MOCTiIKEeH-
HSI CEPLIEBO-CYIMHHOTO 37I0POB’sl, OTXXe, KUIIKOBa (iopa
MOX€e HaJaTy HOBI iJei Ta migXoau A0 JiKyBaHHS Ta 310pO-
BOIo XapuyBaHHs HauieHTiB i3 xpoHiyHuMu CC3. TMAO €
KJIACUYHOIO XiMiYHO aKTUBHOIO MOJIEKYJIOI, OTPUMAHOIO 3
KUIIIKOBOI (psiopH, i ii poJib in vivo BiTHOCHO ckjaaHa. [o-
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CJIIIKEHHST BUSIBAINY, 1110 Y (Di3i0NOriYHUX KOHIEHTPAIIiSIX
TMAO HeTOKCUYHUI i HAaBiTh Ma€ KapaioNpOTEKTOPHI BJia-
CTUBOCTI, MOXJIMBO, 3aBISKM MOT0 3MIaTHOCTI CTabiIi3yBaT
CTPYKTYpy OiJIKa Ta OCMOTMYHUI TUCK y KiritmHax. OmHak
nigBuieHuii piseHb TMAO Moxke BUSIBJISITU MOTEHIIHY
IpsIMY KapaiOTOKCUYHICTh Ta BilirpaBaTy poJib Y PO3BUTKY
atepockyeposy Ta oB’s3anux 3 HUM CC3 [69]. Po3kputrst
MeXxaHi3MiB, 3a gomnomoroo sikux TMAQO BUK/IMKaE ate-
POCKJIEPO3, PEeTYIIOBAaHHS CITiBBIIHOIIIEHHS KUIITKOBUX Mi-
KPOOpPraHi3MiB abo0 iX 31aTHOCTI 10 yTBOPEHHS MOTEPEeIHM -
ka TMAO — TMA, 1e nuisax 10 po3poOKu HOBHUX 3ac00iB
npodilakTUKY Ta JIiKyBaHHS aTepOCKJIepO3y Ta 3arobiraH-
H$I CepLIeBO-CYIMHHUM YCKJIaAHEHHSIM Yy XxBopux Ha LIJ12.

Konduikr inTepeciB. ABTOpM 3asIBISIIOTH MPO BiICyT-
HiCTh KOHQJIIKTY iHTepeciB Ta BjacHOI (hiHaHCOBOI 3alli-
KaBJICHOCTI MPU MiATOTOBIIi JaHO1 CTATTi.

BHecoK K0XKHOro 3 aBTOpiB B po0OTY Haa ctarrero. [1uui-
kanv-1lluwoea K.O. — KOHUEMNs Ta AU3ailH TOCTiIKEH-
Hs1, 00poOKa MaTtepially, HalMCaHHs CTaTTi, peaaryBaHHs
TeKCTY; JiHuu O.B. — KOHLIEIILis Ta IM3aliH JOCTiMKEeHHSI.
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Product of metabolic activity of intestinal microbium trimethylamine-N-oxide (TMAO) —
biomarker of progression of atherosclerosis-copy in the heart of the heart

Abstract. The literature data on the importance of intestinal mi-
crobiota as an endocrine organ — producer of biologically active
metabolites, which perform key functions to maintain metabolic
homeostasis of the whole organism, in particular the condition of
the cardiovascular system, are analyzed. Clinical and experimen-
tal studies using a metabolomical approach have shown that the
development of atherosclerotic CVD is often associated with ele-
vated levels of one of the microbial metabolites, trimethylamine
N-oxide (TMAO). TMAO may be a sensitive prognostic biomar-
ker of complications of type 2 diabetes, including atherosclerosis
and cardiovascular disease. The precursor of TMAO is trimethy-
lamine (TMA), formed by intestinal bacteria from food phos-
phatidylcholine and L-carnitine. In the liver, TMA is converted
to TMAO under the influence of hepatic flavin monooxygenase
3. The mechanisms of the proatherogenic effect of elevated levels
of TMAO include effects on bile acid and cholesterol metabolism,
platelet hyperactivation, stimulation of inflammatory processes

and oxidative stress, induction of endothelial disfunction and en-
doplasmic reticulum stress. It has been established that TMAO,
in conditions of chronic elevation, can contribute to cardiome-
tabolic diseases. Elevated levels of TMAO in dysmetabolic condi-
tions (obesity, type 2 diabetes, atherosclerosis, or coronary heart
disease) have been suggested to be largely associated with the gut
microbiota profile. Therefore, regulating the ratio of intestinal
microorganisms or their ability to form a precursor of TMAO —
TMA, may be a way to develop new tools for the prevention and
treatment of atherosclerosis and prevent the progression of car-
diovascular complications, including in patients with type 2 dia-
betes. Studies have shown that inhibiting various stages of TMAO
production can reduce TMAO levels and help treat atherosclero-
sis and diabetes.

Keywords: intestinal microbiota metabolites; trimethylamine-N-
oxide (TMAO); mechanisms of atherogenic action; biomarker of
cardiometabolic complications of type 2 diabetes mellitus; review
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Finoraikemis:
Pi3HOBUAMU ETIOAOTIT, NTATOreHe3y TA KAIHIKW.
Cnocrepe)XeHHS 3 NPAKTUKMK

Pestwome. [ig yac nikyBaHHs xBopux Ha LykpoBuii giabet (LL]), 0co6mBo 3a JOMOMOroK iHCYSHY, Y KIliHIYHIV
npaKkTuLi YacTo Big3Ha4atoTb CUHAPOM Hepo3rnisHaBaHHs rinorrnikemivi (CHI). Lievi cuHapom nposiBAsSETbCA CUMI-
TOMamu, 3yMOBJIEHVMU HEVPOITIIKOMNEHIEt0 (HEAOCTaTHIM HaAXO[XEHHSM [TTIOKO3U B FOSIOBHUV MO3OK, KW yTu-
nisye 20 % yciei rmokoau). CHI™ Tpannsetscs 4oBoni HacTo, npmbamnsHo B 40 % ocib, xsopux Ha L4 1-ro tuny.
Posrnspaetscs KiHiYHWA CuHAPOM NOCTpaHaiabHOI (peakTUBHOI) rinorsikemii pidHoi eTiosnorii, Lo nposiB/AETb-
A riformnikeMi4YHM CTaHOM y HarbIvKYi FOAVHW MiCsIs NPUAMAaHHS iXXi, 0COBJINBO 1erko3acBOBaHNX BYI/IEBOLIB.
Y 6inbLiocTi BUNagKie Big3Ha4aeTbCsl MOPYLLEHHS rinoTanamiyHoi perynsuii ByrneBogHoro obMiHy, a B KiiHi4Hi
KapTuHi nepeBaxkatoTb CUMITOMU aKTuBaLii cumnaToagpeHanoBoi cuctemu. Taka rifnorrnikemisi 3a3sudavi MuHyLLa,
OCKI/IbKU PIBEHb [TIHOKO3M LUBUKO HOPMasi3yETbCSl BHACTIILOK BUKULY KOHTPIHCYIISIPHUX rOPMOHIB. [1po Baxvse
3Ha4YeHHs1 OCTaHHIX y perynayii cekpewii iHCymniHy CBig4YnTb Te, Lo MiCsIsl MepopasibHOr0 HaBaHTaXEHHS IT1I0KO30H0
BU3HA4YaeTbCsl BULLMI PiBEHb CeKpeLwii IHCYmiHY, HDK y pasi BHYTPILLHbOBEHHOIrO BBEAEHHS €KBIBAJIeHTHOI [O3U.
Y nauieHTiB JIITHbOro BiKY Ha TJ1i riforikemii YacTilue po3BMBarOTbCS HEBPOJIONHHI MOPYLLIEHHS, HDK afapeHepridyHi
(cepuebuTTs, TPeMTiHHSI, Big4yTTs rosogy). Li cumnromu MoxyTe 6yTv MOMUIKOBO NPUVHATI 3@ 03HaKu Liepebpo-
BacKyJIpHOI iLLeMii, ik HacligoK, rinornikemii afekBaTHO He BUSBJISIIOTLCA M He JTIKYoTbCA. KpiM rocTpux Hecripy-
ATIMBUX HACTIAKIB rifOrikemii, rinornikemidHnd enizoq Moxe Matv JOBroCTPOKOBI Hacsigku. HacTi rinornikemidHi
CTaHu Crpap/isioTb 3HAYHWU ICUXOIOMYHUY BB, @ TAKOX € YYHHUKOM PU3UKY PO3BUTKY AeMeHUii. HaBeneHi
[aHi nitepatypu Ta BAACHI CrIoCTEPEXEHHS O[O eTIoNOrii Ta naToreHesy rinorimikeMiv, HarbinbLL YacTi iX KIiHIYHI
pisHOBUAN, 30KpPEMa, rnpu CUHAPOMI HEPO3MiI3HaBaHHS rifnorliKeMmii, nocTrnpaHgianbHiv rirnormikemii, npy XpoHi4Ho-
My nepefo3yBaHHI IHCYIIiHy XBOPUM Ha LiyKpoBuv fiabeT y JIITHbOMY Bili Ta rpu iHCYITiHI3MI.

Knto4oBi cnoBa: rinorsikemisi; eTionorisi; natoreHesa; KiiHivyHi 0CO6IMBOCTI; LyKpOoBuUU AiabeT; rinepiHcyiHiam

Bctyn

OnHUM i3 HECTIpUSTAUBUX €(PEKTiB JIIKYBaHHS Y XBO-
pux Ha nykposuii aiadet (IIJ1), 1110 3aCTOCOBYIOTh iHCY-
JIiH, € rimormikemis. [mormikeMmis — e KIiHIYHI Tpo-
SIBU, 3YMOBJIEHI 3HMXXEHHSIM YMICTYy TJIIOKO3U B KPOBI
MeHIle HixX 3,2—2,8 MMoJib/J1. ¥ HOpMi BMICT IJTIIOKO3M
B TUTa3Mi KpoBi TmepeOyBae B Mexax 3,3—8,6 MMoJIb/J
(mocrifiHo nupkymoe 5,0 r boro ByriaeBoay). Bumins-
10Th TToHax 50 eTionaToTreHeTUIHUX Pi3HOBUIIB TillOTIi-
keMmiii. [1pore Hailyacrille el CMHAPOM aCOLIIOETHCS 3
LIJ1 i po3rnsimaeThes SIK YCKIaIHEHHS IYKPO3HMXKYBaJIb-
Hoi Tepamii. Cy4yacHi TeHIEHIil JiKyBaHHSI XBOpUX Ha
LI, 1110 rpyHTYIOTHCSI HAa JOCSITHEHHI CYBOPOTO MeTabo-

JIIYHOT'O KOHTPOJIIO, iCTOTHO 301/1bIIYIOTh PU3UK PO3BUT-
KV TiITOTJIiKeMii.

CUHAPOM HEPO3Mi3HOBAHHS
rinoraikemin (1)

Ilig gac nmikyBanHs xBopux Ha LI/, ocobimuBo 3a mo-
TIOMOTOI0 1HCYJIIHY, Y KJIiHIYHI/ MpaKTUIli 4acTO BiJA3Ha-
4yaloTh CUHAPOM HepoamidHaBaHHs rinoraikemiin (CHT).
et cuHApOM TIPOSIBIISIETHCS CUMIITOMAMU, 3yMOBJICHUMU
HeHporIiKoneHielo (HeIoCTaTHIM HaIXOMXKEHHSIM TIIOKO-
31 B TOJIOBHUI MO30K, sIKUi1 yTuiizye 20 % yciel rioko3u).
CHTI Tparuisietbes 10BosIi yacTo, npubausHo B 40 % ocio,
xBopux Ha 11 1-ro Tumy [2].
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T'inornikemiro 3a3Buyaii AiarHOCTYIOTbH 3a 3HIKEHHSIM
piBHS TiiKemil MeH1Ie HiX 3,2 Mmoub/n. linormikeMisy-
04y Ji10 Mae€ JIMIIe OAWH TOpMOH — iHCYdiH. Bizomo, 110
P TIMMOTJIiKeMii aKTUBYIOTbCS KOHTPIHCYJISIHI MeXaHi3-
MU, SIKi TOJSTaloTh, 30Kpema, B iHTiOyBaHHI MPOIYKILil
€HJIOTeHHOTO0 iHCYJIiHY, CTUMYJISLIT BUILJIEHHS TJIIOKAroHy,
KaTeXoJIaMiHiB, KOPTU30JIy Ta TOPMOHY POCTY, III0 IIPHU3BO-
JIATH 10 3pOCTaHHS PiBHS LTikeMii [ 3].

Ilpu 3HMKEHHI II0OKO3U 10 2,8 MMOJIb/JT aKTUBYETh-
Ccsl aBTOHOMHAa HEpBOBa CUCTeMa i BMHUKAIOTh THUIIOBI
KJIiHiYHI MMPOSIBY TiMOIJIiKeMii — pi3Ka MiTIMBIiCTb, TPEeM-
TiHHSI PYK, CEpUEOUTTSI, TPUBOXHICTb, BIIYYTTSI TOJIOMY
TOI110. SIKIIIO BMICT IJIIOKO3U B KPOBi OIYCKAETHCS HIKYE
Bix 2,0 MMOJIb/J1, TO HACTAIOTh MPOSIBA HEMPOTJIIKOTIEHIT —
MOTipIlIeHHsS] KOTHITUBHUX (DYHKIIiii, 3MiHa TTOBEAiHKH, CY-
IIOMU aX J0 HEIMPUTOMHOCTI [4].

HaBoaumo HaiyacTiini 03HaKu HEpO3Mi3HAHUX TilOTTi-
KeMili Ta O3HaKM XPOHIYHOTO MepeIo3yBaHHsI iHCYITiHY [3, 6]:

1. PanToBa 3arajibHa c1a0KiCTb, s1Ka MUHAE TIICIST CTIO-
>KMBaHHSI 6araToi Ha BYIJIEBOAM 1Xi.

2. HecnopiBanmii 0inb TOJIOBU, KW MUWHAE ITiCIIS
CIOXMBAHHS 1Xi, 6araTtoi Ha ByTJI€BOIU.

3. 3amaMopoOyYeHHsI.

4. PanToBi KOPOTKOYACHI ITOPYIICHHS 30DY.

5. 3HMXeHHs (i3UYHOI Mpale3a1aTHOCTI.

6. 3HMXEHHS iHTeJIEKTYalbHOI IIpale3qaTHOCTI.

7. TopylieHHs cHY (KOIIMapHi CHOBUIIHHSI, TTIOBEPX-
HEBUI TPUBOXHUI COH).

8. TsKKe MpOKUIaHHS, BiIUYTTSI PO30MTOCTI 3paHKY.

9. COHIUBICTb MPOTSATOM JIHSI.

10. HemoTtnBOBaHa panToBa 3MiHa HACTPOIO Ta ITOBE-
NIHKW: TOTAaHUI HACTPIiiA, NeTNpecis, CIbO3JIUBICTb, KallpU-
31 (3a3BUYAil y OiTeli), arpeCUBHICTh, HEraTUBI3M, BiIMOBa
Bim ixXi, iHKOJIM — elidopis.

HaityacTimni o3Haku XpOHiIYHOTO Tepea03yBaHHS iHCY-
JIiHY:

1. Tsoxxwuit 1abibHUI TTepedir IyKpoBOIo AiadeTy.

2. Pi3ki KomuBaHHS PiBHS TIIiKeMii IIPOTSTOM JO0M.

3. HasgBHicTb MOCTIHUX SIBHUX a00 MPUXOBAHUX TiMO-
TJIiKeMii.

4. CXUJIBHICTB 10 KETOALIMIO3Y.

5. TlinBuuieHUi aneTut.

6. BincyrHicTh BrpaTu (a00 HaBiTh HAPOCTAHHSI) MaCU
TiJla 32 HassBHOCTI BUpaXKE€HMX O3HAK JEeKOMIIeHcallii 3a-
XBOPIOBaHHS.

7. 3HIKeHHST (Pi3MYHOI Ta iHTEJIEKTYaJbHOI Ipale-
3[1aTHOCTI.

8. IlokpameHHs (a He IOTipIIeHHs) ITOKAa3HUKIB BYT-
JIEBOAHOTO OOMiHY Ha TJIi iHTEpKYPEHTHUX 3aXBOPIOBAHb.

9. ToripuieHHs (a He MOKpalIeHHs) TOKa3HUKIB BYT-
JIEBOJHOTO OOMiHY Ta CAaMOITOUYTTSI XBOPOTO Ha TJIi TMiJBU-
1LI€HOI 1031 iHCYJIiHY.

10. AuertoHypist 6e3 BUCOKOI IJIIOKO3YPil.

MocTnpAHAIGABHO (PEAKTUBHA)
rinoraikemis

Lle xniHIYHUI CMHAPOM DPi3HOI €TioJIOoTii, 10 MPOsIB-
JISIETBCS TIMOTJIIKEMIiYHUM CTAaHOM Yy HaWOIMK4i TOoU-
HU TIiCJISI TPUMMaHHS 1Xi, 0COOJIMBO JIETKO3aCBOIOBAHUX
BYIJIEBO/IB. Y OUIBIIOCTI BUIIAAKIB BiI3HAYAETHCS IOPY-

IIEHHS TiMoTaJaMiyHOI peryJsiii ByrJIeBOAZHOIO OOMiHY,
a B KJIiHIYHII KapTUHI nepeBaXxaoTbh CHMITOMM aKTUBALIil
CHMITIaTOAIPEHAIOBOI CUCTEMU. XBOPi 4acTO CKap>KaTbCs
Ha HEMPUEMHI BITIyTTS B MEpioa MiX IMPUINMaHHSIM ixXi,
BOIHOYAC BOHU MOXYTb MEPEHOCUTH TPUBAJIi Mepioin To-
JIoayBaHHs 6e3 OyIb-sIKOi KJIiHiYHOI CUMIITOMATUKM. Taka
rinoriikemist 3a3Buyail MMHYIIa, OCKIJIbKY PiBeHb TJTIOKO-
34 IIBUIKO HOPMAaJi3y€EThCSl BHACHIIOK BUKUIY KOHTpPiH-
cyJsipHuX ropMoHiB. [1po BaxkimBe 3HAYEHHS OCTAaHHIX y
peryssinii cexkpelii iHCyJIiHy CBiTUUTh T€, IO TMiC/s Iep-
OPaJIbHOTO HABAHTAXEHHS TJIIOKO3010 BU3HAYAETHCS BU-
LW piBEeHb CEKpeLLil iHCYJIiHY, HiXX y pa3i BHYTPIllIHbOBEH-
HOTO BBEIEHHS €KBiBaJ€HTHOI 1031 [7].

V KIIiHIYHIIT HEBpOJOTii CUHKOIAJIbHI ITAPOKCU3MU
(CIT) npu cnonTtanHiii rinornikemii (CI') BimHOCSITBCS,
3rimHo 3 Kiacudikauieio R. Adams i M. Victor, o rpynu
NUCMETA0OTIYHMX CUHKOMAJIbHUX CTaHiB. BoHM mMOB’s-
3aHi 3 HAIJIUIIIKOBUM BUKUIOM iHCYIiHY IiCJsI TIpUAOMY
ixi (uepe3 1,5—2 roguum). Ilim HaIIMM CIIOCTepeXKeHHSIM
rnepeOyBaiy MPOTITOM TpUBajoro yacy (1o 5—10 pokiB)
18 mamienTiB (BikoM 12—38 pokiB), y skux BuHukaau CIIT
npu CI' (yepe3 1,5—2 ronguHu micist npuitomy ixi), y 12
3 HUX — y OUTSYOMY Billi. BoHU moumHanucs 3 BimuyTTs
HECTEPITHOTO TOJIOMY, 3arajibHOl CJIaOKOCTi, TPEMTIHHS Y
TiJi, Taxikap/ii, pi3KOro 3HWXXEHHS apTepiajJlbHOTO TUCKY
(AT), 3amamMopoYeHHsSI axX OO ITOTbMapeHHs CBiZIOMOCTi
i cynoMm y M’si3ax Tomno. B okpemux mauientiB CI1 BuHu-
KaJau Ticasl HaAMIpHOTO BXMWBaHHS JIErKO3aCBOIOBAHUX
ByIieBoiB (Tak 3BaHi peaktuBHi CI'), siki po3BUBanIMCS
3a paxXyHOK ITiICUIeHOI a00 K 3aIli3Hij01l ceKpellii iHCyTi-
HY 3 IOSBOIO TillepriIiKeMii Ta MOJaIbIINM ITiABUIIEHHIM
iforo BUAINEHHS B-KIITMHAMY TAHKPEATUIHUX OCTPiBIIiB.
VY Takux XBOpUX MaKCMMajbHa CEeKpellisl iHCYJIiHY 3 SIBU-
Jack inuie yepe3 90—120 xB 3amictb 30—75 XB y HOpMI, 1110
3YMOBJICHO OCJIa0JICHHSIM YYTJIMBOCTI OJIyKarouoro Hepsa.
V 6ib1101 YaCTUHU XBOPUX MPOBOAUIMCS, KPiM HEBPOJIO-
TYHUX 00CTEeXeHb, eaeKTpodiziosoriuni i OioxiMiyHi 10-
CJIIIKEHHSsI, Y TOMY YMCJIi i TiCTOXiMiuHi, 111 BU3HAYEHHS
BMICTY IJTIOKO3U B KPOBI, iHCYJIiHY Ta KaTeXOJaMiHiB B epH-
Tpouurax: Hatuie, yepe3 30, 60, 90 i 120 xB. [liarHocTHKa
pizHoMaHiTHUX TiposiBiB CIT mpu CI' Gyja cBo€yacHOO
TUIBKM Y YOTUPHOX MAILiEHTIB, Y PEIITA BOHU PO3LIiHIOBA-
JINCh SIK HEBPO3U, BEreTaTUBHO-CYIMHHI KpU3U, Y TOMY
yucii enizentudopmHi Toio. Tpoe i3 18 mauieHTiB HaBITh
MPOXOIWJIM CTPOKOBY BifICHKOBY CIIY>KOY (BOHU 3aBXIU
BUKOpPHCTOBYBaJIM 115 3anobiranHs CII Jerko3acBoroBaHi
BYIJIEBOIIN), JIiKapi Ha TaKWii X cTaH HEe 3BepTajy yBaru.
¥ mectu xBopux Tsekkicts CIT mBuaKo HapocTaia, OyB Ji-
arHocroBanuii LI (uepe3 2—3 poxku micis nepiaux CIT) 3
nporpecyrounuM oxXupiHHsaM (mo 150—200 xr macu Tina) i
JIeTaJIbHUM HacainkoM (y Tpbox ocid). Tooto Taki CII mic-
Jist CI' 6ynu npoBicHukamu LI,

Y 4yactHU XBOpPUX BIATOCS BUSBUTHU TIlTOMJIIKEMIiIO B
Mexax 2,5—3,8 MMOJIb/J1, a iHOMi BMICT ITIOKO3U Y KPOBi
OyB HOpMaJIbHUM, Y YACTMHU 0Ci0 BCTAHOBJIEHO MOPYILIEH-
Hs1 ToJiepaHTHOCTI 10 rmoko3u (ITTT). ¥V takux mauieHTiB
XapaKTepHi CUMIITOMU CTUMYJIIOBINCS BeTeTaTUBHUMM
peakuisiMUi, 3yMOBJIEHUMU KOMITIEHCATOPHUM BUJIIJIEHHSM
afipeHaliHy, 1110 CYMPOBOIXYBAJIOCS 3arajibHOI CJia0Ki-
CTIO, MITJIUBICTIO, OJAICTIO, 30yIIMBICTIO, CEPLEOUTTSIM,
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3HIKeHHSIM AT Ta aHOKCi€l0 TOJIOBHOIO MO3KY: 3aTbMa-
PEHHSIM CBiTOMOCTI, MOPYIIEHHSIM 30Dy, eiidopieto, arpe-
CHUBHICTIO. AJle TIpY 1IbOMY HE HacTaBaJla BTpaTa CBillOMO-
CTi, He BUHMKAJIN CyOIOMM TOIIO. Y OiIBIIOCTI XBOpUX Y
renesi CIT mipu CI' mpoBigHe Miclie 3aiiMa€e pi3Ke 3HMKEH-
H$I TJIIOKO3W B KPOBI, 1110 HAIXOAUTH 10 MO3KY — €IMHOTO
opraHa, SIKMil OTPUMYE €HEPTit0 BUKJIIOUHO MPU OKUCHEH-
Hi ByrseBoniB (y HHC rikoreH BiacyTHiii).

be3yMoBHO, Taki Mami€eHTH MIIATaIOTh OOCTEXKEHHIO,
OCKITBKY TIMOTIiKeMiYHAI CHUMIITOMOKOMITIEKC MOXe OyTH
ne6iorom LI, iHcymiHOME Ta CITagKoBOI maToJorii [§].

IMocTnpaHaiasibHa TiMoOrJIiKeMisl TPAIUISIETbCS TaKOX
y XBOpHX, SIKi IIepeHecIu oIepallilo Ha TpaBHOMY KaHai
(racTpekToMisI, TacTPOEHTEPOTOMisl, BAaroToMis 3 TIIiJIO-
POILIACTUKOIO, pe3eKlis LIIyHKa). Te, IO TiMmormikeMist
Yy Takux OCi0 pPO3BUBAETHCS JIUILIE ITiC]sI MEepPOPaATbHOTO
MPUIAOMY TJIIOKO3U, JA€ 3MOTY TPUITYCTUTH MOPYIIEHHS
PeryasITOPHUX MeXaHi3MiB ceKpellii KUIIKOBHUX FTOPMOHIB,
HACJIiIKOM 4YOTO € HaJIMipHa MpOAyKIlisl iHCyJiHy. AHaJO-
TiYHMIA MeXaHi3M PO3BUTKY TiMepiHCydiHeMii 3 Mmoaaib-
1100 TIiMOIJIIKeMi€l0 IMpUTaMaHHUM TaKOX YacTHHI ITalli-
€HTIB 3 BUPA3KOBOIO XBOPOOOIO.

KAiHiYHi oCOB6AMBOCTI rinoraikemin
Y XBOPUX HO LLYKPOBUM Aiabet
Y AiTHbOMY BiLli

AMepuKaHChbKa miabeTWyHa acollialiss i AMepuKaH-
CbKe TePOHTOJIOTIYHE TOBAPUCTBO BM3HAYAIOTH JIITHIM BiK
moHaza 65 pokiB. ICTUHHY MOLIMPEHICTh TiMONTiKEMIYHUX
craHiB y xBopux Ha LI/l y miTHbOMY Billi CKJIaIHO BCTaHO-
BUTHU BHACJiIOK BiIMiHHOCTE#l B 1X BU3HAY€HHi, JO TOTO
2K y OUIBIIIOCTI AOCTiIKeHb OepeThCs 10 YBaru JIMIIE PO3-
mi3HaHa TinoriikeMis. [imoriaikeMiuyHWil cTaH JIITHHOTO
nauieHTa 3 L1J1 xapakTepu3yeTbcsl HEUiTKOIO CUMIITOMATH -
KOI0, SIKa MOX€ PO3BUHYTUCS TTPY HUKIMX KOHIIEHTpALlisiX
[JIIOKO3U B KPOBI, HIX Y IALIIEHTIB MOJIOALLOTO BiKy.

V mauieHTiB JIITHROrO BiKy Ha TJIi TilTOIIiKeMii JacTilie
PO3BUBAIOTHCSI HEBPOJIOTIUHI MOPYIIEHHS (CTUTyTaHa CBillo-
MiCTb, nefipiii, 3arIaMopoYeHHsI, CJIA0KICTh i TaAiHH), HiX
aZipeHepriyHi (cepLeOuTTs, TPEMTIHHSI, BIIYYTTS TOJIOMIY).
1li cumnToMu MOXYTh OyTH MOMUJIKOBO MPUIAHSTI 32 O3HA-
KU 1IepeOpOoBaCKYJISIPHOI illleMii, SIK HACTiA0K, TilMoTIiKeMil
afieKBaTHO HE BUSIBJISIIOTHCS i He JIiKyoThcsl. Kpim roctpux
HECIPUSITIMBUX HACTIIKIB TiMOrIiKeMii (TaaiHHs 3 TpaBMa-
MM, CeplIEeBO-CyIMHHI KaTacTpodu), TIiMOrTiKeMiYHUiA erTi-
301 MOX€ MaTu JIOBrOCTPOKOBI Hacainku. YacTi rinormike-
MiYHi CTaHM CIIPABJISIIOTh 3HAYHUI TICUXOJIOTIYHUI BILIUB,
a TaKOX € YUHHUKOM PUBUKY PO3BUTKY IEMEHIIIi.

Kiiniuni mepeBaru iHTEHCMBHOIO KOHTPOJIO TJIiKeMii,
JOBEJIEHI TSI 0CiO MOJIOJIOTO i CEPeTHBOTO BiKY, HETTPUIHSIT-
Hi JUTs1 JTITHIX XxBopuX. Tomy JliKyBayibHa cTpateris npu LIy
JIITHHLOMY Billi ITOBMHHA TIEPEIyCiM 3a1o0iraT po3BUTKY Ti-
MOMTIKeMiYHMX CTaHiB i 3BOAUTH 10 MiHIMyMY 1X PU3HK.

V neKiabKoX JOCTiMKeHHSIX OCTaHHIX POKIB IJIsl BU3HA-
YeHHS TJIIKeMIYHOT0 KOHTPOJIIO B JIiTHIX monei i3 LI 2-ro
TUITy BUKOPUCTAHUU METON 0e3IepepBHOIO MOHITOPUHTIY
riikemii (BMT). Tlpu 11boMy BCTaHOBJIEHO, IO KiHOYA
cTath, TpuBadicTh LI/, piBeHb IITiKOBAaHOTO TeMOTI00iHY €
3HAYYIIMMI YMHHUKAMU BIUIUBY Ha BapiaOeIbHICTh TJTiKe-
Mii, TOAi SIK caM 1o co0i BiK HE Ma€ acolliallii 3 Bapiadeb-

HicTIO TiIikeMii. OgHaK BHCOKa BapiabeIbHiCTh TJIiKeMil —
OibII 3HAYMMUI TTOKAa3HUK HECHPUSTIMBOro BruiuBy LIJI
Ha KOTHITUBHY (PYHKIIIIO JIITHIX 0Ci0, HiXXK cepenHili piBeHb
rIikeMmii. Pe3ynbrat BUBYEHHS INIIKEMIYHOTO KOHTPOJIIO
3a nonomoroio BMI y mitHix xBopux Ha LI/l 2-ro tumy, sxi
nepedyBaloTh Ha iHCYJiHOTEpallii B yMOBaX CTallioOHapy,
CBimUaTh MPO BUCOKY YACTOTY TillOMIiKEMIYHUX CTaHIB y
1Ii€1 KaTeropii mauieHTiB, MPUYOMY BCTAHOBJICHO, 1110 TIpe-
NMKTOPOM TillorIiKeMii, KpiM BiKy i TpuBasocti LI, Oyna
BapiabeIbHICTh MITiKeMii.

[MTauientw i3 L1 2-ro TMIy BBaXKarOTh CBOE 3aXBOPIOBAH -
HSI He TIEBHUM CIIOCOO0M KUTTS, 2 XBOPOOoIo. [X cTapneHHs
1o camoro LI, 1oro CMMITTOMIB i JTIKyBaHHSI 3araJIoM OiJTbIIT
HeraTvMBHe, HiX y Mojonux mnamieHTtiB i3 LIJI 1-ro Tumy.
V xBopux Ha L1/] Toxmioro BiKy CIIocTepira€Tbesl 3HIKEHHS
SIKOCTI KUTTS 3a IIKajJaMu (i3UIHOT0, eMOIIIHHOTO (hyHK-
LIIOHYBaHHSI, JKUTTE3IaTHOCTI, IICUXOJIOTiYHOTO ¥ 3arajabHO-
ro 3mopoB’st. [1pu boMy piBeHb SIKOCTi XKUTTSI TPOrPECUBHO
3HUXYETBCS 31 30UIbLIeHHSM BiKYy [9, 10].

FinepiHCYAiHi3M

lnepiHcyniHi3M — 3axBOplOBaHHS, 3yMOBJIEHE Hajl-
MipHOIO TPOAYKIIIE€I0 iHCYIiHY MiJIUIYHKOBOIO 3aJ103010.
Buninsttors aABi (hopMu rinepiHcy1iHi3My: opraHiuHuii (iH-
cyJiHOMA) i (yHKIIOHATBbHUI, BUKJIUKAHWH ITiIBUILIEHOIO
(DyHKIIIOHAIEHOIO aKTUBHICTIO B-KJIITHH TMaHKpEeaTHIHUX
OCTPIBLIB IpU MovyaTKoBux cramisx LI/l 2-ro tumy, y HO-
BOHaPO/KEHUX BiJl MaTepiB, siKi XBopitoTh Ha LI, y XXiHOK
i3 TOKCHMKO30M MEPIIOi MOJOBUHM BariTHOCTi, IpU AeM-
IHT-CUHAPOMI, XMPOBIild HUCTpodil MediHKM, TiltoTaja-
MIiYHOMY Ta MeTa0OJiYHOMY CHHApPOMAaX, IICUXOHEPBOBO-
My 30yIKeHHi, TPOHOCAX, MPU IIBUAKOMY POCTi IMyXJIMH,
0COOJIMBO THX, SIKi PO3MIllIeHi B 03a04ePEBUHHOMY TPO-
cropi [10].

IHCcyniHoMa — iHCYIHOIIPOAYKYIoUYa HEMPOSHIOKPUH-
Ha MyXJIMHA, sIKa PO3BUBAETHCS 3 B-KJIITUH MiIULTYHKOBOT
3aJI031 i KJIiHIYHI IIPOSIBU SIKOI 3BOMSITHCS IO PO3BUTKY Ti-
MONIIKEMIYHOTO CUHAPOMY. [HCYTiHOMA CTAHOBUTH Maiixe
70—75 % ycix TOPMOHAJIBLHO aKTUBHMX ITyXJIWH TiALLTYH-
KOBOI 3aJI03U, X0ua 3arajibHa ii yacrora — 2—4 BUMaJAK1 Ha
1 MJIH HaceJleHHs Ha pikK.

YacroTa HarmajiB rinorjikemii CyTTEBO Pi3HUTHCS: Bijl
LIIOTOIMHHOI 10 OMHOTO pa3y Ha neKiJibka MicsiiB. IloJti-
Mop}i3M KJIiHIYHUX MPOSIBIB iHCYTIHOMM, BUCTyMAalOui Ha
MepIInii TJIaH HEPBOBO-TICUXiYHI IMOPYILEHHS i HeJ0CTaT-
Hs1 00i3HAHICTh JIiKapiB 3arajbHOI MPAKTUKHU MPO 10 He-
JIyTY 4acTo TIPU3BOMSITH 10 TOTO, 1110 B PE3YyJIbTaTi AiarHOC-
TUYHUX TOMMWJIOK XBOPi TPUBAJIO i 6€3yCHillIHO JiKYIOThCS
3 pi3HMMM miarHo3amu (EITiJIercis, TeTaHis, HepedpoBa-
CKYJISIDHI TIOpYIIEHHS, AieHledaTbHUI CUHIPOM, ITCUXO0-
31 TOIIO). I TOMiYHOI AiarHOCTUKU BUKOPUCTOBYIOTH
komIT'totepHy Tomorpadito (KT), MarHiTHO-pe3oHaHCHY
ToMorpagilo, eKCTpakopropajbHe Ta iHTpaomnepaliiiHe
YIBTPa3BYKOBE MOCIIIKEHHSI, CEJICKTUBHY apTepiorpadiio
[3]. 3a ByacHOro AiarHOCTYBaHHSI Ta XipypriyHOTro JiKy-
BaHHS iHCYJIIHOMM TIPOTHO3 SIK JUISI XKUTTS, TaK i IJIs COIli-
aJIbHOI peadiniTallil CpusITIUBUIA.

[lin HamMM criocTepeXXeHHsIM nepedyBaiu ABa IMallieH-
M 3 iHCyJliHOMOI. B omHOMYy BHMITamKy 3axXxBOpPIOBaHHS
MPOSIBIISIIOCS HaragaMu, sIKi CympOBOMIKYBAJIMCS 3aramMo-
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pPOYEHHSIM, 0OJIeM TOJIOBU, INTJIMBICTIO, HYJIOTOIO, 3arajib-
HOIO CJTA0KICTIO, BiMUyTTSIM TOJIOMLY, mimBuieHHsIM AT, iHomi
HEMPUTOMHICTIO. [Ipyruii maiieHT JOBroTPUBAJIO JIIKYBAaBCS
Y HEBPOJIOTiB 3 MPUBO/LY EIMJIENTUYHUX HAMa/iB, 1110 HACTa-
BaJIM 3a3BUYaii IMic/Is1 KOPOTKOYACHOTO rojioayBaHHs [11].

XBopuii I1., 38 pokiB, IPOTSIrOM IT’SITW POKIiB Iepedy-
BaB TIifl HATJISIZIOM HEBPOJIOTIB (JIiKyBaBCs aMOyJIaTOPHO i
cTalioHapHO) 3 mpuBoay emijencii. Emizonu eminentuy-
HUX HaIamiB CIIOYATKy MOBTOPIOBAIMCS Bill KiTbKOX HaIla-
1iB Ha pik 10 8—10. ViIiTKy MUHYJIOTO POKY, BillTOYMBAIOYN
Ha TIPUPO/Ii, XBOPUI MaliKe INA IeHb He IpuiiMaB IxXi, i
HaJBeuip Y HbOTO PO3BUHYBCS CIMUICITUYHUI Hamaj, J10-
TMOMOIJIM COJIOJKI Haroi, sIKi BAUBaIX IOMY B pOT TOBapu-
mri. Yepes mesakuii yac Ha el (pakT 3BEpHYB yBary eHI0-
KPMHOJIOT i TPOBiB HU3KY AOCiI>KEHb.

TepaneBTnuHMii cTaTyc mnaiieHTa 0e3 OCOOJIMBOC-
teit. AT — 135/70 mm pr.cT. [lloko3a KpoBi HaTie —
3,9 mmonw/n; C-rienitua — 6,8 Hr/mia (Hopma — 1,1—4,4);
iHcyniH — 32 MkOx/ma (HopMa — 2,6—24,9). KT opranis
YepeBHOI MOPOXKHUHU: MOMIpHI AUMY3HI 3MiHM TapeHXi-
MU OianuryHKoBoi 3amo3u (I13) Ta mediHku; Ha BEHTpalb-
Hilf ToBepxHi royioBku I13 BUSBIECHO MyXJIMHY PO3MipOM
1,2 x 1,5 cM (3MiHU XapaKTepHi 111 neuroendcrine tumor).
3 iarHO30M «iHCY/IiHOMa» TalLli€HTa HalpaBIeHO IS Xi-
pypridyHoro JiikyBaHHs 10 HalioHaJabHOro iHCTUTYTY Xi-
pyprii Ta TpancmuianTonorii iM. 0.0. IllaximoBa HAMH
Ykpainu. [IpoBeaeHO MoKalbHY pe3eKllil0 BEHTPAJIbHOTO
cermeHTa rojioBku I13. [latoricTonoriyHuii BHCHOBOK:
iHCyJliHOMaA 3 OiISTHKaM¥M MoMipHOI audepeHIialii mepe-
BaxkHO COJIIIHOI OYI0BH, 3 BEJIMKOIO KiJIbKiCTIO riaJiHO3HO1
crpomu. OmepalifiHa paHa 3aroizach NEPBMHHUM HaTsI-
roM. IlpoTsrom ABOX OCTaHHIX POKiB €IMiJIENTUYHI Hama-
I HE CIOCTEPIirajiMch, piBeHb IJTIOKO3M Y KPOBi B MeXax
HopMU. XBOpHii mepeOyBae Tl HAIlIUM CITOCTEPEXKEHHSIM,
nouyBae cebe n1odpe.

HaBenenunit BUnagoK [eMOHCTPYE TOM (paKT, IO Tillo-
MIiKeMIYHUM CHMHAPOM, 3YMOBJIEHMIA iHCYJIiHOMOIO, Cy-
MPOBOKYBABCS KIIHIYHUMU TPOSIBAMU, XapaKTePHUMU
JUIS1 eMiJIENTUYHOTO Hamamy. ToMy npu enienTuopMHUX
eMmi3oJax HesICHOro reHe3y HEeOOXimHO MalliEHTiB oOcTe-
KUTHU 3 METOIO BUSIBJIEHHS iHcyJiHOMU. Husbkuii piBeHb
IJIIOKO3M KPOBI i1 Yac erniJienTUYHOro Haramay abo mo3u-
TUBHUI TECT i3 TOJIOMYyBAaHHSIM € ITiICTABOIO MIJISI TOIITHOL
NiarHOCTUKY 3aXBOPIOBAHHSI.

Otxe, yci YMHHUKU, 110 CIPUSIIOTh PO3BUTKY TillOLJIi-
KEMiYHOTO CUHIPOMY, MOXHa DPO3AUIATA Ha TPU TPYIIU:
MiABUILIEHHS BMIiCTY iHCYJIiHY B OpraHi3mi BHACJiqOK Hall-
JIMIIIKOBOTO MOTO YBEOEHHS, CTUMYJISLIL CeKpellil M Imim-
BUIIEHHS IOTO BIUIMBY Y TKAHWHAX-MillIEHSIX; HEJIOCTATHE
HaJXOMXXKEeHHS ITIOKO3U B OPTaHi3M; HeaaeKBaTHa peakilis
CHUCTEM, 11O MATPUMYIOTh CTAJTiCTh TOMEOCTa3y TJIIOKO3U B
OpraHismi.

BMCHOBKMU

1. Tinmornikemiss — 11e mpo6Jema, 1110 YCKIaTHIOE MOX-
JIUBICTB YCTIIITHOI IIYKPO3HKYBaJIbHOI Teparlil Mali€HTiB 3
LIYKPOBMM J1iabeToM.

2. 3HAMOMCTBO 3 KJIIHIYHMMM OCOOJMBOCTSIMU TillO-
raikeMii BaxJIMBE He TUIbKU JJISI €HIOKPUHOJOTIB, ajie i
IJIS1 JIiKapiB 3arajibHOI IMPaKTUKU — CiIMEMHUX JIiKapiB, SIKi

OMHMMM 3 TEPIIUX BUSIBJISAIOTH LIYKPOBUI Jia0beT i 6epyTh
y4yacTh y JIiKyBaHHi 1aHO1 €HJOKPUHOTIIATii.

3. Turpaitist 1031 6a3aJILHOTO IHCYIiHY SIK Y OiK ITiABU-
IIEeHH, TaK i y OiK 3HMKEHHS Ma€ IIPOBOIUTHCS JliKapeM
a0o 37ificHIOBAaTHCS MAIliIEHTOM CaMOCTIIHO (SIKILIO PiBeHb
3HaHb Ta HABUYOK MOCTaTHili) BiAMOBiZHO MO IIiJIbOBOTO
PiBHS TTOKa3HUKIB TJIIOKO3U KPOBi HaTIIIE.

Kouduaikr inTepeciB. ABTOpU 3asiBJISIOTH TMPO BiACYT-
HiCTh KOH(IIIKTY iHTepeciB Ta BilacHOI (iHaHCOBOI 3aili-
KaBJICHOCTI IIPM MiATOTOBLIi JaHOI CTATTi.
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Hypoglycemia: varieties of etiopathogenesis and clinic.
Observations from practice

Abstract. Hypoglycemic syndrome is often noted in clinical
practice in the treatment of patients with diabetes mellitus (DM),
especially with insulin. This syndrome is manifested by symptoms
caused by neuroglycopenia (insufficient supply of glucose to the
brain, which utilizes 20 % of all glucose). Hypoglycemia occurs
quite often, in about 40 % of people with type 1 DM. The clini-
cal syndrome of postprandial (reactive) hypoglycemia of various
etiologies is considered, which is manifested by a hypoglycemic
condition in the next hours after eating, especially easily diges-
tible carbohydrates. In most cases, there is a violation of the hypo-
thalamic regulation of carbohydrate metabolism, and the clinical
picture is dominated by symptoms of activation of the sympatho-
adrenal system. Such hypoglycemia is usually transient, as glucose
levels return to normal rapidly due to the release of counterinsular
hormones. The importance of the latter in the regulation of insu-
lin secretion is evidenced by the fact that after oral glucose loa-
ding, a higher level of insulin secretion is determined than in the

case of intravenous administration of an equivalent dose. Elderly
patients with hypoglycemia are more likely to develop neurolo-
gical disorders than adrenergic disorders (palpitations, tremors,
hunger). These symptoms may be mistaken for signs of cerebro-
vascular ischemia, as a result, hypoglycemia is not adequately
detected and treated. In addition to the acute adverse effects of
hypoglycaemia, a hypoglycaemic episode may have long-term
consequences. Frequent hypoglycemic conditions have a signifi-
cant psychological impact and are also a risk factor for dementia.
The paper presents the data, based on scientific sources and own
observations, on etiopathogenesis of hypoglycemia, as well as their
most frequent clinical varieties, in particular, in the syndrome of
unrecognization of hypoglycemia, postprandial hypoglycemia, in
chronic insulin overdose in patients with diabetes mellitus in old
age and insulinism.

Keywords: hypoglycemia; etiopathogenesis; clinical features;
diabetes mellitus; hyperinsulinism
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