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LLlaHOBHI KOAeru!

Bam, neBHO, Bigomi crnoBa cBaTtoro Mukonas
Cepb6cebKoro: «MoxeLu JornomMortv iioauHi — [oro-
MOXun. He moxeL — riomornucsi. He BmieLln monntun-
cs1 — rogymavi npo noavHy gobpe! Lle Bxe gornomo-
ra, ToMy Lo CBIiT/i JYMKN — Lje TeX 36p0s1».

Ocb Taka icTopis cnana Ha AyMKY.

Y maneHbKOMy cerli XVB CTapui mMygpeupb, AKUn
3aBxauM 6yB roTtoBuM AJOMOMOrTU iHwMMm. OgHoro
pasy 0O HbOro MPUNLLIOB MOSIOOUIA YOSOBIK, CMOBHE-
HWA TpmBorn. BiH po3nosiB nNpo ceBoro gpyra, fKumn
notpanue y 6igy i notpebysas gonomorun. Mygpeup,
BUCyXaBLUW MOro, ckasas: «MoxeLl [ornoMOorTu Jio-
OVHIi — pornomMoxku. He moxell — nomonucs. He Bmi-
€L MONUTUCA — NnodymMan npo noaunHy noobpe! Lie Bxe
Jonomora, ToMy LLO CBITNi AYMKU — Lie TeX 36pos».

Monogwuin 4onosik 3agymMaBcs Haf UMK ClOBaMW.
BiH 3po3yMiB, WO HaBiTb AKLLO HE MOXeE (DI3UYHO O0-
NMOMOrT1, NOro Jo6pi AyMKU i MOMUTBU MOXYTb CTa-
TV NIATPUMKOWO Ans gpyra. BiH noyas wogHa gymaty npo CBOro gpyra, 6axaroyv Nomy cunm i
300pOoB’s.

Yepes geakun Yyac, OMBNAYUCH Ha Te, AK NOro Apyr NocTyrnoBO BiOHOBIOETLCA, MOSIOAUI HOSO-
BiK 3pO3yMiB, LLIO HaBIiTb HaMeHLUa fo6poTa MOXe MaTh BENIMKUA BNAMB. | 3 TOro Yacy BiH 3aBXau
nam’dAtas, LLIO fONOMora Moxe npumMmaty pisdHi opmu i Wo Jo6pi AYMKM — Lie CNpaBXHs cuna.

CnoraH Homepa: «MoxxeLl JonOMOrT! JI0ANHI — [OMOMOXu!»

3 noBaroro, npogp. [j. IBaHos M
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XpPOHiIYHa XBOPOO6A HUPOK:
MiHEePAAbHI PO3AGAU TA CYHACHI MOXXAUBOCTI Tepanii

30iIbIIeHHS KiIbKOCTI Malli€HTIB i3 XpOHIYHOIO XBOPO-
6010 HUpoK (XXH) noB’s3aHe 5K i3 nemMorpagiyHuM cTa-
PiHHSIM HaceJIeHH:I, TaK i 31 3pOCTaHHSIM MOLIUPEHOCTI Cy-
NWHHUX 3aXBOPIOBaHb, aBTOIMYHHOI MMATOJIOTi1, IIyKPOBOTO
niabety. MeToro paHHBOI iarHOCTUKU Ta JiKyBaHHsS XXH
€ YIOBUIbHEHHSI TMoripiieHHsT (GYHKIIil HUPOK Ta 3amno0i-
TaHHS PO3BUTKY YCKJIATHEHb, Y TOMY YUCHi MOPYIICHHIO
MiHepaJibHOTO OOMiHY.

23 tpasus 2025 poky BinOyscs Memumunuii (hopym
«Ukraine Nephro Urology», opranizaTopamu siKOro Bu-
crymmm I'O «Ykpaincbka acomjamis MeIM4HOI OCBiTH»,
Kacenpa Hedposorii Ta ypouorii Hanmionaasnoro meaua-
Horo yHiBepcuteTry (HMY) iMm. O.0. BoromoJibiis Ta Ka-
tenpa ypodorii Incruryry nmicigauniomuoi ocsitu HMY
iMm. O.0. BoromoJbiis (M. KuiB). ¥ pamMkax 1poro 3axoay
00roBOpIOBAJIM Cy4acHi miaxoau 10 HedponpoTeKii Bi-
MOBIHO 10 OCTAHHIX JAHMX J0KA30BOI MeIUIIMHHU, 0CO-
omBocTi JikyBanHs iHdexuiii cewoBux muiaxis (ICIIT)
B €M0Xy AHTHOIOTHKOPE3UCTEHTHOCTI, MOPYIIEHHsI MiHe-
PaIbHOTO OOMiHY NpPH XPOHIYHIN XBOPOOi HUPOK, CydacHi
MOKJIMBOCTI IiarHOCTUKY Ta JikyBanHsa XXH.

3 nonosinmio «MinepanbHi po3yiaau y xsopux Ha XXH:
aKIeHT Ha rinepdocdaremiio» BUCTYMHIA JOKTOP MeTH4-
HUX HayK, mpodecop Kadenpu Hedposorii Ta ypoJorii
IITO HMY imeni O.0. Boromoasusa, KHII «KuiBchkmii
MicbKuii leHTp Hedypostorii Ta aianidy», Jikap-Hedposaor
BunIoi Kateropii lynap Ipuna OnekciiBHa.

ITommpeHicTh XpOHIYHOI XBOPOOM HMPOK i3 PiZHUM
CTYNEHEM iX ypaxK€HHS 3pOCTa€ y BCbOMY CBiTi. bin3bko
850 muH moaeit (13—15 %) crpaxnaioth Ha XXH. Yacri-
1I1¢ 1151 TIATOJIOTiST 3YCTPIYa€ThCS Y XKiHOK, JTIOJICH TTOXUIIOTO
BiKY, TIpY CYIIyTHili apTepiaibHiii rinepTeHsii, IyKpoBOMY
niabeTi, OKUPiHHI Ta HEKOHTPOJbOBAHOMY MTPUIOMI JTiKiB.
CKopHUroBaHi MOKa3HUKY 3araJIbHOI CMEPTHOCTI B IOITYJISI -
mii nmamieHTiB i3 XXH y 2 pa3u mepeBUIyIOTh ITOKa3HUKKI
3arajJibHoI ImomyJsiii, Ha ctamisx [V—V —y 3—4,5 pa3a.

IIpoBinHUMU TpPUYMHAMU CMEPTHOCTI Y XBOpPUX Ha
XXH € cepiieBo-cynrHHi 3axBoproBaHHA i iHdekii. Kpim
Toro, y nociimkeHHi G.A. Block et al. (2004) BusiBieHO,
o ¢dakTopamu, SKi MiABUIILYIOTh CMEPTHICTh MAalliEHTIB
i3 XXH, € neanexkBatuuit aianis (5,1 %), anemis (11,3 %)
Ta TOpYLIEHHS MiHepajabHoro oominy (17,5 %). Mine-
pajbHO-KicTKOBI TopyiieHHs1 ipu XXH moenHyoTh Tpu
B3aEMOIIOB’SI3aHUX TTATOJIOTIYHUX CTAHU: CEPIIEBO-CY-
JMUHHI 3aXBOPIOBAHHSI, TOPYIIEHHSI KiCTKOBOTO Ta MiHe-
pajlbHOrO MeTaboIi3My, HUPKOBY octeoaucTpodio. Cep-

11I€BO-CYJIMHHI 3aXBOPIOBAHHS BKJIIOYAIOTh MPUCKOPEHUI
aTepoCKiIepo3, TinepTpodiio JiBOro LIIyHOUYKA Ta HU3KY
IHIIMX MAaTOJOTii cepus i cynuH y mauieHTiB i3 XXH. Bin-
XWJIEHHS J1abopaTOPHUX MOKA3HUKIB CBiAYaTh MPO MOpYy-
LIEHHSI KICTKOBOTO Ta MiHepaibHOro merabonizmy. [lpu
HUPKOBIiit ocTteomucTpodii crocrepiraloTbCcsl pi3Hi TUIH
YpaXKeHHsI KiCTKOBOI TKaHWHU, IO PO3BUBAIOTHCS TPU
XXH.

Y yncieHHUX JOCTIIKEHHSIX TOBEICHO, 10 PO3BUTOK
BTOPMHHOTO TinepnapaTupeo3y € alanTUBHOIO BiMIOBIAIIO
Ha IIpOorpecylodi MOpyIIeHHs peryisiii ooMiHy docdopy,
Kainpiito Ta BitaMiny D mpu XXH. I1pu 3HmKeHHI IIBUI-
KocTi Ki1y00oukoBoi dinerpanii (IIK®P) Hikue 3a 60 w1/
xB/1,73 M? 3MeHIyeThCs dinbrpauis ¢ochopy Ta 36i1b-
LIIYETHCS MOTO cUpoBaTKoBa KoHLeHTpallis. 'inepdocda-
TEMisl CTUMYJIIOE CEKpPEelil0 OCTeOUTaMu (pakTopa pocTy
diopodnacris 23 (FGF-23), akuii iHridye peadbcopOiiiio
(ocdopy B TpoKCUMaIbHUX KaHAJIBLISIX, 301IbIITYIOUH OTO
KJIipeHc, 1110 TpUrHiuye cekpeliro maparropmony (I1TT)
Ha paHHIX CTalisXx 3axBoprtoBaHHsI HUpOK. [Iporpecyroue
3HIKEHHS (DYHKIIii HUPOK MPU3BOAUTH 1O 3MEHIIEHHS
Bimmosini Ha 30inbimeHuit pisenb FGF-23, i piBeHb cupo-
BaTKOBOTO (hocdopy 3aniiaeThbcsi BACOKUM. [Ipu 1ibomy
eKkckpenisa dochopy 3 ceuero 3HMXKyeThesI: Ha [—1I cramii
XXH Bona cranoBuTb 900 Mr/mo0y, Ha I11 — 700 mr/mo6y,
Ha IV — 600 mr/mo06y, Ha Vi VII — 0—500 Mr/mo0y.

[Ipu MiHepabHO-KiCTKOBUX MOPYIIEHHSIX, SIKi BUHU-
KaoTh npu XXH, cnocTtepiratoTh BiIXuaeHHS Bil HOPpMU
TaKMUX JIaDOPATOPHMUX ITOKA3HUKIB, SIK PiBEHb Kalbllilo,
HeopraHiuHoro docdopy, I1TI, Biraminy D. ¥V kictkax
PO3BUBAETHCSI TOPYIIEHHS MeTaboi3My, MiHepasisaliii,
00’emy, JiHiiTHOrO pocty Ta MiuHOCTi. Ha rictosoriuniii
KapTUHI KiCTKOBOI TKAHUHUW BUSIBJISIETCS YpeMiuHa JMC-
Tpodisi, sika XapaKTepU3y€eThCSI BUCOKOI KJIITUHHOIO aK-
TUBHICTIO 3 TiITaHTCHKMMM KIITMHAMHU (OCTEOKJIACTaMU) Y
JIaKyHax pe3opOl1il, HAKOIMMYEHHSIM OCTEOiay Ta IepuTpa-
OeKyaapHUM (Hidpo30oM.

Po3BuBaeThbcsl Kambuudikaliisi cyaiuH abo iHIIMX
M’SIKUX TKaHuH. [Ipu BupaxeHiil Kanbuudikaliii aop-
TaJbHOTO KJjanaHa (hOpMYy€eTbCs MOro CTEHO3, Ha SIKOMY
MOMITHI KaiblMpikaTt 3 BUpa3koto. He BumagkoBo Kap-
nmionor bapani y 2006 poli ckasas, 110 cepLisl XBOPUX Ha
IiaJTi3i CTaloTh KaM’ STHUMMU, a KiCTKA — HOPUEISTHOBUMHU.
BinOyBaeTbcst BuMuBaHHS ocdopy i3 KicTOK, BOHU 30i/1-
HIOI0ThCS Ha (pocdop Ta Kambliii. BomHovac BinOyBaeThcs
KanpHudikamisg aprepiil. [imepmapatnpeo3 TakoxX MoxXe
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CYIIPOBOIXKYBAaTUCS BigkiaagaHHSIM (ocdopy Ta Kalbllito
B M’SIKMX TKaHWHax 3 BUHUKHEHHSIM TYMODPOIIOAiOHOTO
HaBKOJIOCYTJIOOOBOTO KaJIbIIMHO3Y Y MALIEHTIB 3 TSXKKUM
BTOpMHHUM rineprnapaTtupeo3oM (BI'TIT).

3umxkenHs HIK®, nocratHe HagxomkeHHs docdopy
i3 xero, BUBIIbHEHHS (ocdopy i3 KiCTKOBOI TKAHUHU Ta
HealeKBaTHUI JiaJli3 CIpUsIIOTh PO3BUTKY Trinepdocda-
temii. Ii xriHiyHMMYU Hachizkamu € 36inbmenns FGF-23
OCTEOLIMTaMU, TIpsMe YpaXeHHsS CyauH (KajabLudika-
LisT CynoMH, eHOoTelialbHa AUCHYHKIIiSI, OKCUOATUBHUMI
cTpec, 30UIbIIeHHS eKCIIpecii KicTKOBO-(opmyounx ¢ak-
TOpiB TPAHCKPUIILIii), CYOK/IiHiYHA peHalbHa TUCHOYHKILS,
KOHTPaKTWIbHICTh MioKapaa (KopoHapHa Kajibluika-
11is1, MiokapaianbHuit $hidpo3s), 36inbeHHs [ITI (mposza-
MaabHUi edekT, 30iabiueHHs 1L-6, moripiueHHsT Miokap-
NiaJbHOTO E€HEPreTUYHOIo IMPOAYKYBaHHS, KapaialbHHUI
¢ibpo3), TPUCKOPEHHSI CTapiHHS KiCTOK (30UIbLIEHHS
pU3KKY TepeoMiB KicToK). Bee 11e mpu3BoauTh 10 MijiBu-
1LIEHOTO KapliaJJbHOTO PU3UKY Ta JIETAJIbHOCTI MAIiEHTIB i3
XXH (Tonelli et al., 2010).

YV Hu3Li JoCHimKeHb OCTaHHIX POKIB HOBEAEHO, IO
BUILI a00 HIKYI Bif HinboBuXx piBHi [1TT, kanblito Ta ¢poc-
Gopy TiCHO KOPEIIOITh 3i 3POCTAaHHSM CMEPTHOCTI He-
¢posnoriyunux nauieHtiB. Tak, 3rimHo 3 manumu J. Floege
etal. (2011), y nauienTiB i3 V ctagieto XXH Ta pisHem I[ITT
6inpie 3a 600 r/MIT pU3UK CMEPTHOCTI 3pOCTaE yABiYi MO-
piBHSIHO 3 TalieHTaMu, B sIkux piBeHb [ITI mepeOyBae B
LUTLOBMX MexKax. Y mociimkeHHsx Levin et al. mokasaHo,
o nommpeHicts BITIT cepen mawienTis i3 [11—V cramisi-
mu XXH cranoButs 56 %.

LlinboBuii niara3oH 1abopaTOPHUX MOKA3HUKIB Y TMalli-
€HTIB 3 MiHEpaJIbHO-KiCTKOBUMM MOpYyIIeHHIMHU ITpr XXH
V]I, cranii moBMHEH BimoBimaTy TakuM nudpam: dpocdop
cupoBatku — 0,87—1,49 MMOJb/; Kallbllili 3araJbHUM
(ckoperoBaHuit Ha aabOyMiH) — 2,1—2.5 MMOJIb/JI; TyXKHa
docdaraza: y yonoBikiB — 53—128 On/n, y KiHOK — 42—
98 On/m; IITT — y 2—9 pasis Buiie Hopmu (150—600 rir/mut,
a6o 16,0—63,0 Mmmonb/n). 3Hauni 3minu [1TT HaBiTh y Lux
paMKax MoTpeOyIOTh JIiKyBaHHS IS 3ar00iraHHs BUXOMY
3a 11 MEXi.

Crparerii KoHTposto rinepdocdareMii BKIIOYAIOTD:
3MEHIIIEHHS a00 OOMeXeHHsI BXUBaHHsI dochopy B ixi
(mieroreparist), 30inblIeHHs eniMmiHalii docdopy (amek-
BaTHMI reMogiaii3), 3HIKeHHS MoTro MoOiTi3allii 3a J01mo-
MOTOIO KaIbLIMMIMETHKIB, a TAKOX 3MEHILIEeHHS adcopOIil
dochopy 3 BUKOpUCTAaHHSIM (pocdar3B’sI3yBaIbHUX IIpe-
napartip (®3I1). [Ipu LbOMY CJil BiAMITUTH, 110 TTpobJIe-
Ma rinepgocdaremii npu XXH moBuHHA BUpilllyBaTUCS
KOMILJIEKCHO, TOOTO HEOOXiMHO BIUIMBATU Ha YCi JIAHKU
naToreHe3y MiHepalbHO-KiCTKOBUX ropyieHb (MKIT).

O6MexxeHHsT ocdaTOBMICHUX TTPOIYKTIB 32 JOTIOMO-
roto gietv y namieHTiB 3 MKII Ha i XXH mae HU3bKY
KOMILTAEHTHICTb. [i MpUuYMHAMM, SIK MPaBUIO, € CKIal-
HIiCTb caMoi JieTu (HU3bKe CIOXWBaHHS dochopy npu
aJeKBATHOMY CITOXKMBaHHI 0iika) — 48,1 %; yrneBHEHICTb
B TOMYy, 1110 Ipuitom D3I € gocTaTHIM I KOopekiiii doc-
¢dopHO-KanbLieBUX mopyiueHb, — 21,2 %; HebakaHHS
BUKOPUCTOBYBATH HieTy — 17,3 %; 3HVKEHHS areTuTy —
7,7 %; BincyTHicTh iH(bOpPMALIl PO HACTIAKU MiHEpalb-

HO-KIiCTKOBUX MOpyIIeHb ((PiOpo3HUit ocTeiT, anmHaMiyHa
XBOpoOa KiCTKM, OCTEOCKJIEepO3, OCTEOMNOopo3, MepeJoMU
KiCTOK, Kajblupikaris) — 5,8 %.

LIlo cTocyeThcs Aiaizy, TO JOCTiIXKEHHS TOKA3YI0Th, 1110
HaBiTh MIPM iHTEeHCUBHOMY miafiziy 50—74 % mamieHTiB pi-
BeHb (hochopy 3ATUIIAETHCS BUILIUM 32 HOpMY (> 5,5 Mr/,
abo > 1,54 mmonb/n). TpuBanuit HIYHU Hiajiz Moxe OyTu
eeKTUBHIIIMM, ajie Bce OIHO MOTPeOye TOMATKOBUX Me-
TOHiB KOHTpOJ10. ToOTO miaji3 moromara€e 4acTKOBO 3HHU-
JKyBaTM piBeHb KaJbllilo, ajieé caM I10 co0i He € JOCTaTHIM
METOJIOM [IJIs1 TIOBHOI'O KOHTPOJIIO rinepgocdaremii. Tomy
HeoOXinHe IMoeaHaHHsI aiaji3y, 1ieTu Ta pocdardiHaepis.

Jlo ocHOBHUX Ipyn ochaTdiHAEPiB HAJIeXKaTh TaKi:

— KaJbLiABMiCHI (KaJbllil0 alleTaT, KajJbllilo KapOoHaT,
KaJbllil0 IIMTPAT, KAJIbLIiI0 TIIFOKOHAT, KETOTJTyTapar);

— MeTaJIOBMIiCHI (TiZpOKCHUJ aIFOMiHil0, JJAHTAHY Kap-
OoHaT, 3aj1i3a IMTpAaT Ta iHIIIi);

— KoMOiHOBaHi (MarHito KapOoHaT/Kajbllilo KapOOHaT,
KaJbllilo alleTaT/MarHito KapOoHar);

— HeKaJbllie- Ta HeMEeTaJIOBMICHI (ceBeaMepy Tiapo-
XJIOpUI, ceBeslamepy KapooHar, mogiMmep MCT-196);

— iHIIi — iHTiIGiTOpM abCcopbiii hochopy (HiaLmH/Hi-
KOTHMHaMIiT).

Y OaraTbox [HOCHIIXKEHHSX MOKa3aHo, 110 Yyci
(ocdar3p’si3yBaibHi  npenapatd OJHAKOBO e(eKTUBHI
010 CTyneHs 3HuxeHHs pochopy npu XXH. O3I1 npu-
3HAYalThCs, KOJU OOMEXEHHs CIoXUBaHHSI docdopy 3
K€ HeTOCTATHBO ISl KOHTPOJTIO MOTO BMICTY B CMpOBaT-
i kpoBi. BoHu 3B’s13y10Th (pochop y 1TYHKOBO-KHUIIIKO-
BOMY TPaKTi, MEPEIIKOIKAI0YM BCMOKTYBAHHIO MOJIEKY
docdopy, o mictsatbes B ixi. Yei D3I npuitMaroThes i
yac 1Xi, a KiJIbKIiCTh TaOJIETOK IPSMO MPOMOPIiiiHa PO3-
mipy nopuii. @311 He BrMBaiOTh Ha (ocdop, IKUil BxKe
BCMOKTaBCs1 200 BUBLIBHUBCS 3 KiCTKMU.

Huspka KOMIUIA€HTHICTH mpuiiomy ¢ochatbiHaepin
npu MKII y xBopux Ha XXH € onHi€ro i3 OCHOBHUX MpHU-
YUH HEOCTATHBOTO KOHTPOJIIO (hocopy Yy CUPOBATILi Kpo-
Bi. BipmiicTh HedposoriB BBaxkae, 1110 TUTbKK 61 % miaris-
Hux nanieHTiB mpuitMae M3I1. Lle 3ymMoBIIeHO BiICYyTHICTIO
edexty D31 (5 %), ix HemepeHocumicTio (10 %), BapTicTio
(2 %), wactororo nipuiiomy (42 %), GiITBIIOIO KiTBKICTIO Ta-
osetok (31 %). Tinbku 52 % xBopux Ha XXH MaioTh HOp-
MaJbHUI piBeHb pochopy, 41 % — Bulie UiTbOBUX, 7 % —
HMKYE LiITbOBUX 3HAYEHb.

Kanpbing («bixemc», YkpaiHa) — Ie IpeacTaBHUK
KaJpllieBMicHUX (ocharOiHaepiB, omHa TabjeTKa SIKOro
MICTUTB KaJbllio aretaT 667 MT (B IepepaxyHKy Ha Kallb-
uii — 169 wmr, 1o Bignosinae 14,1 % Bin pekoMeHI0BaHOT
no6oBoi moTpedu). KanbdiHa Mae BUCOKY 0iOIOCTYITHICTh
i e(eKTUBHICTb Y 3HIKEHHI piBHA (ocdopy, a TaKOXK Mi-
HiIMaJIbHUW PU3UK BUHUKHEHHS TilepKaJIbIiEMil Tpu
HemnpaBUJIbHOMY Tifbopi nmosyBaHHs. KanbOiHm mpusHa-
yaeTbes 1o 1 Tabnerii 3 pasu Ha 100y, 1110 3a0e31euye Bu-
COKY KOMIUIA€EHTHICTh Teparii. BiH pekoMeHmoBaHUii 10
palioHy XapuyBaHHs SIK TOJATKOBE JKEpesio Kalbllilo, a
TaKOX B KOMIUIEKCHii Teparrii rinepdocdaremii mpu MKIT
y xBopux Ha XXH.

Ha Binminy Big Kanp0inmy, iHIIIi KaabliieBMicHi poc-
¢aTdinaepn MaloTh cepeaHio e(eKTUBHICTb, HU3BKY
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0i0IOCTYIHICTb Ta OiNbIlI 3HAYHUN PU3UK BUHUKHEHHS
rinepxanbLiemii. Ix 1o60Ba 103a craHoBUTH 6—12 Tabe-
TOK, 1110 3MEHIIYE MPUXUIBbHICTb 10 Tepamnii. be3kanbili-
eBi O®3I1 mMaTh BUCOKY BapTiCTh, 1110 3HAYHO OOMEXKYE
iX Mpu3HaYeHHs Ta KoMIIaeHTHicTh pu MKIT y xBopux
Ha XXH. Kpim Toro, nesiki 3 HUX MOXYTb BUKJIMKATU
3AyTTs Ta OiIb B XWUBOTIi, HYAOTY, 3a1op, Aiapeto, JuC-
MeTciio, iHOAI KUIIKOBY HEIPOXiOHICTh Ta ilIeMiuHMA
KOJIIT.

Takum yHOM, KOHTPOJIb (hochOpy € BaKJIUBOIO JaH-
KO0 KOpPeKIIii mopylieHb MiHepaJlbHOro 0anaHcy. JIikyBaH-
H4 rinepgocdaremii, 3a cydaCHUMU peKOMEHAALISIMU, TIe-
pendavyae ooMexeHHs pocdaTiB y Ai€Ti, aneKBaTHUI Tialli3
Ta 3acTocyBaHHs docdatdiHnepis. Pochardinaepy BUKO-
PUCTOBYIOTHCS JIJISI 3HUKEHHST TO3UTUBHOTO (hOoCchOpPHOTo
OaaHcy i piBHSI CUpOBaTKOBOTO (hocdopy 3 METOIO 3ario-
OiraHHSI TPOTPECYBaHHIO MiHEPATIbHO-KiICTKOBUX PO3JIa/liB
y xBopux Ha XXH. Cepen ycix @311 KanbbiHa Mae BUCOKY
e(beKTUBHICTh, 0I0AOCTYMHICTh i KOMIUIAEHTHICTh Y Malli-
enTiB 3 MKII Ha i XXH.

Kanmupar menumynux Hayk, Jikap-nedpoJsor BUmoi
KaTeropii, NMpoBiIHMII HAYKOBMii CHIBPOOITHHMK Bimmiay
edepentHux TexnoJoriii /1Y «HanioHaabHuii HayKoBuUii
HeHTp Xipyprii Ta TpancmianToorii im. 0.0. IlanimoBa
HAMH VYkpainu» [idpic Ippuna MuxaiijiiBHa BUCTYNH-
JIa 3 IoNOBiAmI0 «XpOoHiYHA XBOP0O0a HUPOK: peaJiii Cboro-
JIeHHS Ta iHHOBAaliiiHi MOKJIMBOCTI Tepamii».

3a ocTaHHiIMU OIliHKaMu, Npubau3HO 850 MiNbilOHIB
Jofelt Ha 3eMHil KyJi crpaxnaotb Ha XXH. IMpu 1po-
My 3HauHa 4acTKa i3 HMX HE Ma€ JIOCTYITy O iarHOCTH-
K1, TIpoilaKTUKK Ta JIiKyBaHHsI 3aXBOPIOBaHb HUPOK.
XXH € Beanuye3HuM INIOOATBHUM TSTrapeM IS 3I0pOB’s
3i 3HAYHOIO MOIIMPEHICTIO, BUCOKIM PiBHEM iHBaIiIHOCTI
Ta cmeptHOcTi. Ha choromni XXH € Tperhoro nmpuumHo0
CMEPTIi, MOCTYMAaIOUUCh TIJIBKU CEPLIEBO-CYAMHHUM Ta OH-
KOJIOTIYHUM 3aXBOPIOBAHHSIM.

Kuiniyauit tarap XXH 3pocrtae y Mipy noripiiueH-
Hs1 (YHKIIT HUPOK, a ii MpOrpecyBaHHs MPU3BOAUTH 10
30i/IbIIEHHS] TOCITiTai3allii, 3MEHIIeHHS 00’eMy ceui,
aHeMil, TrinmepkajieMii, MiHepaJIbHUX Ta KiCTKOBMX I1O-
pYIIEHb, CEepLEeBO-CYIMHHMX 3axBoproBaHb. OpmHak, II0-
npu 1e, XXH 3anumaerbes mo3a yBaror Jiikapis. 3TigHO
3 pocrmimkeHHIM REVEAL-CKD, manientu i3 XXH 111
crafiil 3aauiIaTbes HeaiarHocTtoBaHuMu (56,9—97.1 %).
3HauHi nokazHuku HexiarHoctoBaHoi XXH III craxii ic-
HYIOTb HaBiTh Y IpyIiax BUCOKOTO PU3HKY: CEPLIEBO-CyTNH-
HMX 3aXBOPIOBaHb/CepLIeBOI HemocTaTHOCTI — 53—95 %,
apTepianbHOI TinepTeHsii — 56—95 %, 1uykpoBoro aiadety
2-ro tuny — 50—94 %. I1porHosyetbes, 1110 10 2027 poky
CMEPTHICTh y HeliarHOoCTOBaHMX MalieHTiB i3 XXH Oyne
YABiUi OiTbIIOIO, HIX Yy AiarHOCTOBaHii momymsmii. Lle
JMUKTY€E HEOOXiMHICTh paHHBOI miarHocTuku XXH Tta 30e-
pexxeHHs ¢yHKILIT HupoK. Y nociimkenHi REVEAL-CKD
OyJ10 TIPOJIEMOHCTPOBAHO, 1110 10 BCTAHOBJICHHS iarHO3Y
XXH 3umxenns LIK® cranosButs —3,20 MJ1/XB/piK, micis
BcTaHOBJIeHHS nmiarHo3y Brpatu LIIK® 3HauHO 3MeHIIy-
fotbes 1o —0,74 mMi/xB/pik.

Crin BimMiTUTH, 1110 OCHOBHUMU J1a00OPaTOPHUMU I10-
Ka3HUMKaMu JJIs1 BCTaHOBJeHHs aiarHo3y XXH e Bu3Ha-

YeHHS allbOyMiHypii/mpoTeiHypii. ATbOYMiHYpisl CBiAUUTh
MPO HAsIBHY B ceYi KibKicTh Oisika. [ligBuiieHuM piBHEM
eKCKpellil aabOyMiHiB i3 cederd BBaXKA€ThCS MOKA3HUK
> 30 mr/24 rogunu. CriiBBiIHOIIEHHSI TOKA3HUKIB aIb0y-
MiH/kpeatuHiH ceui (CAK) — Oinbln cyyacHuii i kopek-
THU METOJl BM3HAYEHHSI albOyMiHypii y pa3oBiil mopiii
ceui abo 1000Biii ii KiIbKOCTI.

PiBenp kpeatmHiHy Ta C€YOBMHM B KPOBi BimoOpaxkae
¢ysKuiro HUpoK. KpeatuHiH i ceuoBnHa — aBa MOOIYHI
MPOIYKTH, 1110 3a3BUYall BUBOASTBHCS 3 KPOBI HUPKAMM.
Koy ¢pyHKIliE HUPOK 3MEHIIYEThCS, PiBeHb KpeaTUHiHY
Ta CEYOBUHMU B KpOBi 3pocTae. HopmanbHuii piBeHb Kpea-
TUHIHY B CUPOBATILi KPOBi CTAHOBUTB Bia 44 o 80 MMOJIb/JI,
a HOpMaJIbHUI1 piBeHb CEYOBMHU B KPOBi HE MAa€ MepeBu-
1ryBaTu 8,3 MMoJib/J. Bulli 3HaueHHsI 1IMX J1ab0paTOPHUX
MapKepiB CBimyaTh PO TOMIKOMKEHHS (ypaxkeHHsI) HU-
pok. PiBeHb KpeaTuHiHy Mpu MOpyIIeHHi (PYHKIIiT HUPOK
3pOCTA€E OJJHOYACHO i3 CEYOBUHOIO.

BusnaueHHsT KpeaTWHIHY y CHpOBATIi KpOBi — IIe
CTaHAAPTHUN aHaJli3 KpOBi, IO PETyIsIPHO BUKOPHUCTO-
BYETbCS NI CKPUHIHTY Ta MOHITOPWHIY 3aXBOPIOBaHb
Hupok. [IpoTe OinbII HATITHUM TTOKa3HUKOM € pO3paxyH-
KOBa HIBUIKICTh KJIyOOoukoBoi (inbrpaliii (plIIK®D), aka
obuncioeThest 3a popmysioro CKD-EPI.

TakoxX TPU3HAYAETHCS YJIBTPA3BYKOBE TOCIiIKEHHS
Hupok (Y3Jl) — mpocrte, KOpUCHE, IIBUAKE Ta Oe3neuHe
NOCTIIKEHHS, SIKe Hafa€e 1iHHY iH(hOopMallilo, TaKy SIK po3-
Mip HUPKH, HasIBHICTh KiCT, KaMeHiB Ta myxJiuH. Ha tepwmi-
HanpHi# ctamii XXH Y3]1 moxe BUSBUTU 3MEHILEHI pO3-
Mipy HUPOK.

TepameBTHUHI OMIIi YIOBUILHEHHS IIPOrPEeCYBaHHS
XXH mporaroMm tpuBaioro dacy Oynm oomexeni. Cepen
npociimkyBaHux npenapartis Tiibku AIT® ta BPA mokasa-
JIM KJIiHiYHY e(eKTUBHICTb. [lo JiKapchKux 3ac00iB peHO-
MPOTEKTUBHOI 1ii OyJiM BimHeceHi auie iHridiropu PAAC,
sIKi TipoaeMoHcTpyBain 30epexkeHHs1 pILIIK® y Garatbox
JOCHIIKEHHSIX.

VY nocnigxenni DISCOVER CKD (2021-2023 pp.) o1i-
HIOBajacs MPOCIeKTMBHA KoropTa nauieHTiB (n = 1051) 3
XXH i3 6 kpaiH cBiTy. 3a pe3yabraTaMu JOCTiIKEHHS OYJI0
BCTaHOBJICHO, 1110 NaiieHTH 3 XXH MatoTh BUCOKUI piBEHb
HaBaHTaXEHHS JiKapChbKUMU 3acobamu, aje HebaraTo i3
HUX OTPUMYBAJIU PEHOIPOTEKTOPHY Tepamito. IHridiTopn
PAAC npusnHauanuch 58,2 % XBOpUX, OJIOKATOPH Kaslb-
mieBux KaHanis — 41,7 %, GERD-therapy — 37,9 %, ni-
ypetuku — 36,9 %, 1iyKpo3HIKyBaJibHa Tepartist — 36,1 %,
aHTUKoaryasaHT — 32,3 %.

3rinHo 3 pekoMeHpauisimu KDIGO (mpaktuuHuii
nyHkT 3.1) mauieHty 3 XXH noBuHHI JiKyBaTtucs 3a a0-
TMOMOT0I0 KOMITJIEKCHOI CTpaTeTii, CIPSIMOBAHOI HA 3MEH-
LIEHHST pU3UKY nporpecyBaHHs XXH Ta moB’si3aHuX 3 HElO
ycknanHeHb (1A). Llg crpateris mepembavae JiKyBaHHSI
XXH Ta momudikaiiito (akrtopiB pusuky. Moaudikarttist
CTWJTIO XXWTTS CIIpSIMOBaHA Ha 3I0pOBE XapuyBaHHS, JIO-
cTaTHIO (Di3WYHY aKTUBHICTb, MPUITMHEHHS BXWBAHHS
TIOTIOHOBMX BHUpPOOIB Ta yIpaBiaiHHsA Baroro. Jlo memu-
KaMEHTO3HOI Tepallii Iepioi JIiHii HajJeXWUTh iHTi0iTOp
H3KTTI-2, inriditopu PAAC y MmakcuMaabHO JOMYCTUMIl
1031 Ta MOMipHi/BUCOKI 1031 CTaTUHIB.
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TapretHa Tepamisi yckiaaHeHb Iepeadayae€ BUKOPHUC-
TaHHs1 o-T'TIII-1 wist KOHTpoIto TimepriikeMili mpu Iy-
KPOBOMY JliaGeTi 2-ro TUIY; NUTiAponipuanuHy abo miype-
THKA IS 3HWKEHHSI apTepiabHOIO THUCKY; CTEPOiTHOTO
MRA Ha doHi crilikoi rimepTensii, skino pIIK®D > 45 v/
xB/1,73 M?; aHTUTPOMOOLIMTAPHOI TepaITii TPU aTePOCKIIe-
POTUYHHUX CEPLEeBO-CYIMHHMX 3axBopioBaHHsIX (ACC3),
e3eTuMioy, inrioiropa PCSK9 — na ocHoBi puzuky ACC3
Ta piBHS JIMimiB.

Kpim Toro, KDIGO pexoMmeHaye mpOBOAUTU PETYISIP-
Hy TEpEOIiHKY (haKTOpiB pu3MKy (KOXHi 3—6 MicsliB),
a TaKOX 3MiMICHIOBAaTM KOHTPOJIb aHEeMil, alluao3y, PiBHs
KaJito.

KDIGO (2024) pexomeHaye npusHadatu iHK3TI-2
nopocaum natieHTam i3 XXH ta CH a6o plUK® > 20 mu/
xB/1,73 ™M? 3i cCHiBBiIHOLIEHHSM aJIbOYMiH/KpeaTUHiH
> 200 mr/r (1A). IpusHauenHs ado gikyBanHst iHK3TI-2
He TTOTpeOdye 3MiHM YacTOTH KOHTporo XXH, a 3HKeHHS
plIIK® Ha moyaTKy JIiKyBaHHSI € OOOPOTHHMM i He € TOo-
Ka3aHHSIM ISl TIPUTMTMHEHHS Tepartii (MpakKTUYHUNA MTyHKT
3.6.3).

V mauienTiB 3 rineprensiero, XXH Ta anp0ymiHypi€io
3/6e3 LIJ1 KDIGO (2024) pekoMeHAy€E pO3MOUYNHATH JIiKY-
BaHHS iHriditopom PAAC (IAII® a6o BPA) (1B); npono-
BXyBaTu 3actocyBaHHs iATI® a6o BPA B oci6 i3 XXH Ha-
BiTh mipu pLIK® < 30 mu/xB/1,73 M? (MpaKTUYHUI TTYHKT
3.5.7). IIpotsirom 2—4 TKHIB Mic/st moyatky tepanii iATTD
a6o BPA citin KOHTpOJIIOBaTU CUPOBATKOBUM KpEaTUHIH Ta
Kaumiii. [Tpn Hopmokamiemii ta 30% 3HmkeHHi pLLIK® He-
00xinHo 36inbinuTH 103y IATT® a6o BPA 10 MakcuMaabHO
MepeHOCUMOi; TIpU TinepKajlieMil — MeperisiHyTH Tperna-
patu, SIKi IMpUMaloThCsI OMHOYACHO (MomudiKallis Ti€TH,
niypeTnku, OikapOoHaT HaTpilo, KamieBi OiHmepm). I[lpu
sHkeHHi pLIIK® > 30 % HeoOXimHO pO3TISHYTH MPUYH-
HU, 110 MPU3BEIN I0 3MEHIIECHHS 00’€MY Cedi, Mepeoli-
HUTHM CYITyTHi JIiK1, OLIIHUTU HAsIBHICTb CTEHO3y HUPKOBOI
aprepii. AKi1o iHlIi cTpaTerii Hee(eKTUBHI, CJIiI 3MEHIIM-
™ 260 npunuHUTU Tipuiiom iIATID yu BPA.

JoBeneHo, 1110 npu Teparnii aunie iHriditopamu PAAC
nauieHTM 3 XXH MaoTh BUMCOKWU 3aJIMIIKOBUIA PU3MK
yekimagHeHb — > 40 % (B.V. Brenner et al., 2001). ¥ no-
crimkenHi RENAL nmokazaHo, 110 3acTocyBaHHS IU1ane6o
MOPIBHSIHO 3 JIO3apTaHOM MPU3BOIUTD /10 PUBUKY TOJIBO-
€HHS CUPOBAaTKOBOTO KpeaTUHiHY, PO3BUTKY TePMiHAIbHOT
cranii XXH abo cMmepri y maiieHTiB 3 Hedpormarieio, Tomi
SIK TIPYM BUKOPUCTAHHI JI03apTaHy LEeH PUBMK 3HUXKYETHCS
Ha 16 %.

Brpata pIIIK® o06MexXye MOXKIMBOCTI JIiKyBaHHSI
XXH, npu3BoAUTb A0 MiABUILIEHHS aJIbOYMiHYpii Ta pelu-
IUBYIOUMX €ITi30/1iB rifnepKaaieMii 3 MOCTiZ0BHO KOPOTIIM-
MU TIepiogaMu MixX emizomamu. Y namieHTiB i3 XXH ta CH
rirepKaJlieMisl € 4acTOI0 TMPUYMHOI MPUMUHEHHS JIiKYy-
BaHHS. [lommpeHicTh ii pI3HUTBCS 3aJIEXKHO Bill CYITyTHBOT
teparii 3 iIATI®/BPA/APHI/MRA.

Ilin yac TUTpyBaHHSI HEOOXiTHO TMPOBOAUTH Jiabopa-
TOPHY OLIIHKY piBHS Kauiio. ¥ mociaimkeHHsIX MRA piBeHb
KaJlilo TepeBipsin dyepe3 7 OHIB, a TIOTIM 3HOBY 4epe3 72
TOIVHMU, SIKIIO TMOTPeOyBaJOCh 3MEHIIEHHS 103U. Y NO-
ciimkeHHsx iHribitopie ACE-I/ARB/ARNI ta HK3TT-2

JlabopaTtopHa OlLiHKa KpeaTuHiHy, ceuoBuHu, pIIIK® Ta
€JICKTPOJIITIiB 3a3BMYaii TpOBOAMIACK Yepe3 14 aHiB mig yac
TUTPYBAaHHS TIpernapaTy Ta KOXHi 4 MicsIii TicIsl IIbOTO.

CyyacHi MOXJIMBOCTI pEHOMpPOTEKIii TepeadayaroTh
MpU3HAYCHHS Teparlii repiuoi JiiHii Ta tecniene3u (Jlibepa/
Jlibepa doprte). EXcTpakT secrieie3n rojioB4acToi, SK1ii €
OCHOBHUM KoMIIOHeHTOM Jlibepu, mocwitoe aiypes, TUM
caMUM YCyBa€ HaOpSIKW, CIIPUSE TMOJIMIIEHHI0O HUPKOBOT
¢inpTpallii, 3MeHIIIye PU3UK aJTbOYyMiHYpil, ITiIBUIIYE eKC-
KpelLIilo HaTpilo Ta MEHIIIOIO MipOIO KaJilo.

AkTUBHUMM iHrpenieHTamu Jlibepa ¢opte € ekcTpakT
creba i JIMCTs Jiecnienesn rojopyactoi — 400 Mr, a TakKoxX
€KCTPAKT JIMCTS apTUIIOKy nociBHoro — 100 mr. EkcrpakT
JIUCTS apTUInoKy nociBHoro (Cynara scolymus) MoJiniye
HUPKOBY T€MOJWHAMIKy, rajJbMye MporpecyBaHHsl XXH,
MOCWJIIOE €KCKPELil0 CEYOBMHM Ta KpPEaTUHiHYy 3 ceyelo.
ExkcTpakTu Jsiecriene3u rojoBYacTOi Ta JIUCTS apTULLIOKY
MalTh CUHEPTIYHY JIit0 Ta YMHATH OaraTohaKTOPHUI T10-
3UTUBHUI BIUTMB Ha TiporpecyBanHs XXH: necnenesa ro-
JIOBUACTA 3HIDKYE 3allaJIeHHsI, apTUIIOK 3artodirae ¢pioposy.

PenonporexropHuii moreHuian mpemapary Jlidepa y
mauieHTiB i3 XXH II—I1I cramii Ha TJi ykKpoBoro miabe-
Ty 2-TO TUMYy oliHoBaBcs y gocaimkeHHi C.B. KymiHipeH-
ko (2021). ¥V mocnimxeHHs1 Oyau BKItodeHi 107 mauieHTiB
i3 L1 2-ro Tumy BikoM Bin 19 no 75 pokiB i3 XXH I1-III
cTanii, Mikpo- Ta MakpoaibOyMiHypi€lo (kaTteropiss A2 i
A3). IMauienTn Oyau nofinieHi Ha ABi rpynu: 1-ma rpymna
npuiiMana TpaaulliliHy CTaOiIbHY IYKPO3HIKYBAJIbHY Ta
aHTUTINepTeH3UBHY Tepariio (n = 50), 2-ra rpyna — Tpa-
MULIAHY CTaOUTbHY 1IYKPO3HUXYBAJIbHY Ta aHTUTIMepTEH-
3MBHY Tepariio y moemHanHi 3 Lespedeza capitata (JIioepa)
(n = 57), 9Ky npusHavyanm 1mo 1 xamcymi 3 pa3u Ha o0y
He3aJIeXKHO Bil mpuiiomy i mpotsrom 3 MmicsawiB. Kpure-
pisMu eeKTUBHOCTI JIiKyBaHHS Oyiu: nuHamika TK®,
PEA/CAK y no6ogiii ceui. TepMiH criocTepeskeHHs 3a Ia-
LIiEHTAaMU CTAHOBUB 3 MicCs1li.

Pesynbrati gociimkeHHsT Mokaszaiu PeHOMpPOTEeKTOp-
Huii noreHuian Lespedeza capitata (JIibepa) uepe3 3 micsi-
1Ii JIIKyBaHHS y BULJIsIAi BiporimHoro 36inbineHHsT HTK® y
nauieHTiB i3 XXH II crazii 2-1 rpynu no 79,0 + 1,4 mu/
xB/1,73 M? opiBHsAHO 3 BuximHUMU gaHumu (p < 0,01) i
pesyJsraTaMu, OTpUMaHuMU B |- rpymi uepe3 3 micsiiii 3a-
CTOCYBaHHSI TiJIbKU TPAAULIiITHOI CTa0ITbHOI IlyKPO3HUXKY-
BaJIbHOI Ta aHTHUTiNepTeH3uBHOI Tepartrii (p < 0,05).

3acTtocyBaHH: JIibepu B KOMIUIEKCHOMY JIiKyBaHHI I1a-
mieHTiB 2-1 rpymu i3 XXH I1I cramii zHa i LI 2-ro tumy
MPOTIroM 3 MiCSIiB MO3UTUBHO BIUIMHYJO Ha a30TOBU-
NJIbHY Ta BOAOBUIUIBbHY (DYHKIIiIO HMPOK, IO MPOSIBU-
noch y nomimiuenHi IIK® go 56,6 £ 2,1 mu/x8/1,73 m?
MopiBHSAHO 3 BUXigHUMM nanumu (p < 0,05) i pesynbrara-
MU, OTpUMaHUMU B 1-it rpymi, — 50,8 = 1,9 mn/xB/1,73 m?
(p <0,05).

3aBasgKU TPAAUIIIHHI CTAOTBbHIN IIyKPO3HUXXYBaAJIbHI I
Ta aHTUTITIEPTEH3UBHIl Teparii B 1-i1 Tpyri Tiibku 3 marti-
entu (9,1 %) 3 kateropii A2 repeiiuiy 4yepe3 3 Mics1li B Ka-
teropito Al (HopmoanboyMinypist) i 2 nauienTu (11,8 %) —
i3 KaTeropii A3 y kareropito A2. ¥ 2-i1 rpymi npru3HaYeHHS
Lespedeza capitata (JIibepa) B moegHaHHi 3i cTaOiIbLHOIO
LIYKPO3HIKYBaJIbHOIO Ta aHTUTINEPTEH3MBHOIO Tepari€io
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crpusiio nepeBeneHHio 10 mamienTis (27,8 %) i3 karero-
pii A2 B Al i 7 mauienTiB (33,3 %) — i3 kareropii A3 B A2
(p <0,001).

ABTOpM TOCITiIZKEHHSI TiIIIIA BUCHOBKY, 1110 Lespedeza
capitata (JIibepa) B moeHaHHI 3 TpaAUIIiTHOIO CTAOITBHOIO
LIYKPO3HUKYBAJIBHOI ¥ aHTUTINEPTEeH3UBHOW Teparti-
€10 cripusie 30epekeHHIO Ta TMOMIMIIeHHIO (iTbTpaliiitHOl
¢dyukuii Hupok, 3MmeHmeHHio PEA/CAK y natieHTiB i3
XXH I-III cramii (I1a i I1Ib) xa T LIJI 2-To Tumy it mo-
BOIUTH PEHOIIPOTEKTOPHY e(heKTUBHICTD i 0€3MeKy.

EdextusHicth 3acTtocyBaHHsl Lespedeza capitata (J1i-
oepa) y xBopux Ha XXH III-1V cranii 6yna ouiHeHa y no-
caimkenHi 1.O. Iynap ta O.M. Jlo6oau. Lle mociimkeHHs
OyJ10 TTOPiBHSUTBHUM, 3 TPUBAJIICTIO CITOCTEPEXKEHHS 2 Mi-
csui. byno BkioueHo 45 nauientis 3 XXH I11-1V crapnii,
gKi OyaM po3noniieHi Ha ABi rpynu. o mepuioi rpynu
(ocHoBHa) ysiimuio 30 xBopux (16 4o0i0OBiKiB, 14 XiHOK)
y Bimi 51 pik (40—65 pokiB), sIKi OTpUMYyBaJM JAOAATKO-
BO IO craHmapTHoi Teparii Lespedeza capitata (JliGepa).
Lespedeza capitata (JIibepa) mpusHavamach 1mo 1 Kamcyuri
TpUYi Ha IeHb IEPOPATLHO MPOTSAToM 2 MicsawiB. Jlo mpyroi
rpynu (IOpiBHSIHHS) OyJ10 BKJIIOYEHO 15 xBopux (8 yoso-
BiKiB, 7 XiHOK) y Biui 49 (39—69) pokiB, sIKi OTpuMyBaIn
TUIBKM CTaHIapTHY Teparito. He Oyio BUsIBI€HO Biporim-
HUX BiAMiHHOCTE€!l OCHOBHUX KJIiHiKO-1a00paTOPHMUX I1O-
Ka3HUKIB Y XBOPUX OCHOBHOI IPYMU Ta IPYIU MOPiBHIHHSI
JIO TIOYATKY JIiIKYBaHHS.

PesynbraT JOCHIIKEHHST TPOJAEMOHCTPYBAIU TO3U-
TUBHUI BIuMB Jlibepn Ha KIIHIYHMIA mepelbir 3axXBOpPIO-
BaHHS i TeMIM nporpecyBaHHs y xBopux Ha XXH II1-1V

cranii. Ilpo 1e CBimYMTH BipoOrinHO OiJbllle 3pPOCTaHHS
LIK® 3a 2 Mics1i B OCHOBHilA TPYITi IPOTH I'PyMNU MOPiB-
HIHHS — 5,5 (2; 9) mu/xB/1,73 M2 ipotu 2,9 (1; 6) M/
xB/1,73 M2 (p < 0,05). Kpamii pe3yabratu 6yiau JOCATHYTI
3a HasgBHOCTI XXH III craxii mopisusHO 3 XXH IV cramii
(36inpmenus IHK® — 6,9 npotu 3,8 mu/xB/1,73 M? 3a 2
MicCsilli B OCHOBHI TpyTIi).

Kpim Toro, Jlibepa 3a 2 micsili mpu3HAYeHHST CIIPUSI-
JIa 3MEHIIIEHHIO TIPOTEIHYPii: B OCHOBHI IPyIli 3HMKEHHS
cranowio 0,05 (0,0; 0,21) r/mo0y, a B rpymi MOPiBHSIH-
st — 0,02 (0,02; 0,07) r/mo6y (p < 0,05). ITpu upomy mpe-
rnapaT He YMHUB HETaTUBHOTO BIUIMBY Ha €JIEKTPOJIITHUIM
00MiH (3a MOKa3HMKaMM Kallilo Ta HaTpil0 CHUpPOBAaTKU
kpoBi). Timeku y 3 (10 %) XBOpHX y MepIli THi TpUiioMy
npemnapary JliGepa ciocrepirajucs mposiBU AUCTIENTUYHO-
ro cuHapomy. [licist 3MiHM pexxumy TpuiioMy mpernapary
(peKOMEeH/IOBaHUI1 TIPUIOM TIC/IST iIu) TIPOSIBU JMCIICII-
TUYHOTO CUHJIPOMY 3HUKJIU. BinMmiHu npenapaty 1i ckapru
He MoTpedyBaIn.

TakuM 9UHOM, Pe3yabTaTH MOCIHIIKEHHS TPOISMOH-
cTpyBaiu e(eKTUBHICTh i Oe3meky Jlibepu, 110 J03BOJISIE
peKOMeHIyBaTH 1i B KOMIUIEKCHIl Teparlii XBOpUX Ha Xpo-
HiuHy xBopoOy Hupok II1i IV cramii.

KommnekcHa iHHOBalliiiHa pPEeHOIPOTEKIIs IOBHU-
HHa BKJIIOYaTH Ipemnapatu nepiuoi jgiHii — iH3KTI-2 Ta
iPAAC, Jlibepa a6o Jlibepa opTe, 1110 cripusie MOJIMIIEH-
HIO KJTyOOUKOBO1 (hisibTpallii, 3MEHIIEHHIO PiBHS KpeaTu-
HiHY Ta CEYOBUHM, 30iIbILIEHHIO Aiype3y.

MigrotyBana TeTtsiHa Ynctuk B
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ANCOYHKLUIA eHAOTEAIO TA 3HNXKEHHS LUBUAKOCTI
KAYO04YKOBOI PiAbTPALT B OCIO PI3HOro BiKy
3 O3HOKOMU KAPAIOPEHOMETABOAIYHOro CUHAPOMY:
LUASIXU QHFIO- TA peHOoNpPOoTeKLil

Pestome. AktyanbHicTb. KapaiopeHoMeTab0oAHM cuHAPOM (KPMC) — Lie CyKyrHICTb MATOAOrYHUX CTA-
HiB, $IKi MOEAHYIOTb METABOAIYHI MOPYLLUEHHS], CEPLEBO-CYANHHY ANCOYHKLIIO TQ YOQXKEHHST HUPDOK, pOPMYIO-
YY1 BBAEMOIMOB ‘SI3QHY CUCTEMY YCKAQAHEHB. OCOBAMBY DOAb Y PO3BUTKY TQ MPOrPECYBAHHI LibOro CUHAPOMY
BiAIrPAE eHAOTEAIQABHA AMCOYHKLST — PAHHIN MQPKEP CYAUHHOIO YPQXKEHHS], LLLO ACOLOETLCST 3 MOPY-
LLIEHHSIM BA3OAMAQTALIT, XPOHIHYHVM 3QrNAAEHHSIM TQ MPOATeLOreHHMU 3MIHAMW. BOAHOYQC 3HVKEHHSI rMo-
KQBHWKQ PO3PAXYHKOBOI LLIBUAKOCTI KAY604YKOBOI pinbTpaLil (PLLK®D) BiaAOGPQXKAE HE AMLLIE QYHKLIIOHQABHIA
CTQH HUPOK, A V1 3AraQAbHUN PU3UK CEPLIEBO-CYANHHUX MOAIM TQ CMEPTHOCTI. Y KOHTEKCTI CTAPIHHST MOMyASILl
TQ 3POCTAHHS notwmpeHocTi KPMC cepea oci6 pisHOro Biky, 0COBAMBO CEPEAHBOIO ¥ MOXUAOIO, QKTYQAb-
HYM CTQE BUBYEHHS BSAEMO3B 'SI3KY MK AUCQOYHKLIEIO EHAOTEAIKD TQ 3HKEHHSIM PLLIK®. PQHHST AilQrHOCTUKO
LMX MopyLUeHb AO3BOAUTH HE AVILLIE BUSIBUTU OCIO 3 BUCOKUM KQPAIOPEHAALHVM PUSVKOM, Q W BIIOOBAAUTA
niaxoAm A0 MPOPIAQKTUKM, PAHHBOT AIQrHOCTUKI TQ AiKYBQHHSI. MeTa: OUiHUTA QYHKLIOHQABHU CTAH HUPOK
| CYAMHHOIO EHAOTEAIK B OCI6 pi3HOro Biky 3 03Hakamm KPMC TQ 3°s1CyBAT MOXXAMBOCTI KOPEKLLT BUSIBAEHMX
3MIH 3QCTOCYBQHHSIM EKCTPQAKTY AeCNeAe3un roAOBHACTOI (aieTnyHa Ao6aska Nibepa, TOB «bixeac», Ykpa-
IHQ) sIK NoTeHUiiHoro 3acoby Heppo- Ta aHrionpoTekuii. Marepiaan Ta meroaU. [lepPBUHHO OBCTEXEHO
152 0cobu pi3HOro BiKy. 3riAHO 3 KPUTEPISIMN BKAKOHEHHST BYAO BUKAKOHEHO 58 OCI6 3Q PI3HMMU MPUHUHAMM.
KomMnnekcHe 06CTEXXEHHST MPOBEAEHO Yy 94 ocCib pisHOro Biky (CepeaHiv Bik cTaHosms 54,82 + 0,97 poky),
3 GKUX 'y GIABLLIOCTI BUSIBAEHO 3HWDKEHHS PLLIK®, niaBULLEHHST CrBBIAHOLLEHHS aAbBYMiH/kpeaTuHiH (CAK) y
Ceyi 1Q 3HKeHHS1 QyHKUIT eHAOTEAIKD. AAST KOPEKLi BUSIBAEHX 3MIH HQ QOHI MPOBEAEHHSI CTAHAQPTHOI QHTU-
rinepreH3uBHOI Tepanii 6yA0 AOAQHO AO AiIKyBAHHS Lespedeza capitata (Aibepa, TOB «bixenc», YkpaiHQ),
SIKY MPU3HAYAAM 110 1 KQrNCyAI 3 pa3u HO AOBY HE3QAEXKHO BiA MPUVIOMY DKI P OTSIroM 1 MICSILISI onepeAHb0
obcrexeHum ocobam (n = 39). Kputepisamm epekTmBHOCTI AikyBAHHST 6yAn: aAnHamMika pLLUIK®, CAK y cedi
TQ MOKQA3HWKM QYHKLIOHAABLHOIO CTAHY €HAOTEAIO (MPUPICT KPOBOTOKY MU MOOBEAEHHI MPobuy 3 PEAKTYB-
HOKO rinepemieto). TepMmiH CroOCTePEXXEHHS 3Q NALEHTAMM CTAHOBMB 1 MicsiLb. O6CTEXXEHHSI MPOBOAVAM 3
BUKOPUCTAHHSIM CTAHAQPTHUX KAIHIYHVX, QHTPOMOMETPUYHMNX, AQBGOPATOPHUX | IHCTPYMEHTAALHUX METOAIB.
Pe3yAbTaru. 3 BiKOM BIAMIYQETHCST TEHASHLIST AO 3HVIKEHHS MOKA3HMKA PLUK®D 3 79,73 + 1,91 MAa/xB/1,73 M?
y cepeaHboMy BiLli (47,28 + 0,72 poky) A0 64,01 + 2,21 Ma/xB/1,73 M? y noxunomy BiLi (67,18 + 0,49 poky). B
oci6 cepeaHboro Biky (100 %) pLLIK® 3HaxoamTbCs1 B Mexax kateropii G2 (60-89 ma/xs/1,73 M?), BOAHOHYAC
y 46 % oci6 noxunoro Biky pLUK® 3HmkyeTsCst A0 kaTeropii G3a (45-59 ma/xs/1,73 M?). HopmanbHa abo
Bucoka pLUK® (kareropiss G1, > 90 ma/xB/1,73 M?) 36epiraeTtscs aviue y 10 % 06CTEXXEHUX MOXUAOIO BIKY.
Cepea ocib cepeaHbOoro BiKy i3 HE3HQYHUM 3HKEHHSIM PLLUK® y mexxax kateropii G2 (60-89 ma/xB/1,73 M?)
BUSIBAEHO MIABULLIEHHS MOKA3HUKQ CAK Y TPETUHM OBCTEXXEHMX, TOAI SIK B OCI6 MOXUAOIO BiKY MOEBAAKOE 3HU-
SkeHHs1 PLLIK® a0 40-59 Ma/xB/1,73 M?, sike PO3LIHIOETHCST SIK XPOHIYHA XBOPO6Q HMPOK (XXH) y Mexkax kare-
ropii G3Q, Lo CYrpOBOAXKYETLCS MIABULLEHHSM MOKA3HMKA CAK'y 25 % ocib. oy ouiHUi QYHKLIOHQABHOIO
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CTQHY EHAOTEAID BEAMKNX CYAMH BUSIBAEHO, LLIO CEpes OOCTEXeHUX OCIiO (N = 94) 3 pisHMM KQTEropismm
PLUK®D (G1, G2, G3a) 03HAKM eHAOTEAIQALHOI AUCHYHKLT criocTepiranmncs y 54 xsopux (67,45 %). 13 Hux y
19 nauieHTis (35,18 %) 3QpiKCOBAHO KPQWVHIVI CTyriHb MOPYLLIEHHST — BA30CHAQCTMYHY PEQKLO Mpu MpoBe-
AEHHI pobu 3a meToamkoro D.S. Celermajer, Lo CBIAYNTL MPO BUPQYKEHE MOPYLUEHHST EHAOTEAIM3AAEXKHOT
BasoamnaraLii, Cepes 0b6CTexkeHux oCib i3 AMCOYHKLIEIO EHAOTEAID BeAnKX CyanH Y 70,4 % (38 oci6) ro-
kasHuK CAK susiBuecs: < 30 mr/r, B 29,6 % (16 oci6) susisurocs nipsuieHe CAK (y 10 ocié — 30-300 mr/r, a y 6
oci6 — noHaa 300 Mr/r). BoaoHOHQC y rpyri OCi6 i3 36epeXXeHO0 QYHKLIED EHAOTEAIKO YA TAKI MOKQASHUKU
y 65 % (26 oci6) CAK BusiBaeHO HA piBHi < 30 mr/r, y 14 oci6 CAK ctaHosmao 30-300 mr/r, He BUSIBAEHO OCib 3
CAK noHaa 300 mr/r. TQKUM YUHOM, AVLLIE CEPEA MALIEHTIB 3 EHAOTEAIQABHOKO ANCOYHKLIIEIO 3APIKCOBAHO
CAK > 300 mr/r (y 5 oci6, a6o 9,2 %), LLlO AEMOHCTPYE BiPOMAHY CTATUCTUYHY Pi3HuLO (2 = 0,01, p = 0,03).
Cepea ocib6 3i 3HkeHHsM pLLIKD y mexkax kateropii G2 (60-89 ma/xs/1,73 M?) Ta G3a (45-59 ma/xB/1,73 M?)
BIAMIYEHO 3HVDKEHHST €HAOTEAIQABHOI OYHKUIT CYAVMH MIKPOLIMPKYASITOPHOI AQHKM Y 84 % OOCTEXXEHUX, rpu
ubomy CAK < 30 mr/r susisaeHo y 50,00 %, CAK B mesxkax 30-300 mr/r BusiBaeHO y 43,75 %, CAK noHaa 300 mr—
y 6,25 % rOpIBHSIHO 3 rpyroto oci6 (16 %) 3i 36epeXXeHO YHKLIEID CYAMH MIKPOLMPKYASITOPHOI AQHKU:
33,30, 66,70 % BinnoBiaHO 3a BiacyTHocCTi oci6 i3 CAK noHaa 300 mr/r. List teHaeHLuis HesiporiaHa (¢ = 0,08,
p = 0,13), NpoTe NOBTOPKOE TAKY K TEHAEHLO LLOAO HAsBHOCTI nokasHuka CAK noHas 300 mr/r B oci6 i3
MOPYLLUEHHSIM YHKLIOHAABHOIO CTAHY €HAOTEAIKD BEAUKUX CYAUH. [TOTPIGHO BIAMITUT HQSIBHICTL peHOoMe-
Hy B3QEMOOOBTHKEHHST B OCI6 3i 3HMKEHOIO PLLUKD B mexax 45-89 ma/xB/1,73 M2 Tak, 56,25 % o6CTexXeHux
MQIOTb MOEAHQHHST ANCPYHKLT EHAOTEAIKO BEAMKNX TQ APIOHWX CYAMH, 3 HUX Y 44,44 % BIAMIHEHO MOKQ3HMIK
CAK 30-300 mr/riy 11,11 % — CAK roHaa 300 mr/r. BiacytHicTe oci6 i3 piBHem CAK > 300 mr/r cepea na-
LlieHTIB 3i 36epeXkeHO eHAOTEAIQALHOK QYHKUIEIO (SIK Y CEPEAHLOMY, TAK i B TOXUAOMY BiLli) CBIAYUTB PO
TICHWVI 3B 'SI30K MIiDK 3HQYHOKO QAbOYMIHYPIEIO T EHAOTEAIQABHOKO AUCOYHKLIED. IMoBipHO, CAK > 300 mr/r
MOXKHQ PO3MASIAQTU SIK IHAMKQTOP 3HQYHOIO MOLLUKOAXKEHHSI CYAMHHOI CTIHKU, SIKUV BIAOBPQXKQE HASIBHICTb
CUCTEMHOI EHAOTEAIQALHOI ANCOYHKLT. 3 METOK KOPEKLii BUSIBAEHMX 3MiH 39 0OCO6QM PI3HOrO BiKYy 3 MPOsIBA-
v KPMC A0 CTQHAQPTHOI QHTURINEPTEH3MBHOI Teparii GyAO MpU3HAYEHO AieTdHY A06aBKy NiGepa (TOB
«bixenc», YkpQiHQ). Y BCix O6CTEXXEHMX NALIEHTIB Yepe3d 1 MiCsiLb CTAHAQPTHOI Teparii, AOMNOBHEHOI AlETUNY-
Horo A06aBkoo Nibepq, 36iAbLUMBCST MOKA3HMIK MPUPOCTY KPOBOTOKY, LLIO CBIAYUTb MPO BIAHOBAEHHST QYHIK-
LIIOHQABHOIO CTQHY EHAOTEAIKO BEAVKUX CYAMH TQ CYAMH MIKPOLIMPKYASITOPHOI AQHKU. HO pOHI BiAHOBAEHHST
DYHKLIOHOABHOIO CTQHY EHAOTEAIIO BIAMIYEHA CTiIKQ TEHAESHLST AO 36GIAbLLIEHHST YACTKM OCI6 i3 MOKA3HUKOM
CAK< 30 mr/r (x?= 0,04, p =0,07), 1O CBIAYATL PO BIAHOBAEHHSI QYHKLIOHAABHOIO CTAHY HUPOK Moy 3QCTO-
cyBaHHI N\i6epu (TOB «bixenc», YkpQiHa). Takui e(eKT 3YyMOBAEHUM THM, LLIO EKCTOQAKTM 3 MAroHIB AeCcrneAesm
FOAOBYACTOI XQPAKTEPU3YIOTLCSI AOBEAEHOK HEDPOMPOTEKTOPHOKO AIEHD, LLIO AO3BOASIE BUKOPUCTOBYBATU
ix Anst MPOIAQKTIIKL TQ AiKYBAHHST XXH. BUCHOBKW. Y OCI6 pi3HOro Biky 3 nposiBamm KPMC HasiBHUY peHoMeH
B3QEMOOOBTSIKEHHSI: Y MOHQA MOAOBUHM NALEHTIB i3 PLUK®D 45-89 Ma/xB/1,73 M? (66,25 %) BUSIBAEHO MOEA-
HQHY ANCOYHKLIKO EHAOTEAIO SIK APIOHUX, TAK | BRAUKUX CYANH, LLLO CYMPOBOAXKYETLCSI MABULLEHUM PIBHEM
CAK (y 11,11 % — > 300 mr/r). OToUMQHI AQHI CBIAYQTB MO BAXKAUBY POAb MABULLEHHST MOKA3HMKA CAK sk
MOTEHLIMHOrO MQPKEPQ EHAOTEAIQABHOT AMCOYHKLT HO PAHHIX CTQAISIX 3HVMKEHHST QYHKLT HUPOK: BUCOKNMA
piseHb CAK MOXKe BUCTYNQAT MQPKEPOM HASIBHOIO MOLLKOAXKEHHS EHAOTEAIKD, TOAI SIK HU3bKI Y1 MOMIPHI 3HQ-
yeHHs1 (CAK < 30 mr/r a6o 30-300 mr/r) Le MOXKYTb CIIOCTEPIraTcs HQ poHi 36epe xeHOl QyHKLIT eHAOTEAIKD.
3 meToro aHrio- Ta Hegpponportekuii B oci6 3 KPMC AOLIABHO AO CTAHAQRTHOI QHTUrINePTEH3MBHOI Tepanil
AOAQBQATM AECEAE3Y FOAOBYACTY (AleTnYHA A06aBKa NiGepa, TOB «bixenc», YKpQiHQ).

KAIOU4OBi CAOBQ: KQPAIOPEHOMETABOAIMHNI CUHAPOM, XPOHIYHA XBOPO6Q HUPOK; PYHKLIOHAABHMA CTAH
eHAOTeAIto,; Lespedeza capitata; peHOonpoTeKLis; QHIOMPOTEKLis

Bctyn

OpHi€lo i3 cydacHMX CBITOBMX TEHACHIIN € CTpiMKe
CTapiHHSI HAceJIeHHSI pO3BMHEHUX KpaiH i3 30iIbIIeHHSIM
CcepelHbOI TPUBAJIOCTI XKUTTs. 3a MporHo3amMu BeecBiTHBHOT
opraHi3zaitii oxoponu 3n0poB’s (BOO3), y 2025 poui Kisb-
KicTb smozeii crapie 60 poKiB Ma€ 30UIBIIUTUCH Y TTICTh
pasiB nopiBHsiHO 3 1950 pokom. Excrieptu OOH mnipornHo-
3yI0Th, 0 10 2050 p. KiIbKiCTh 0Ci0 MOXMJIOro BiKy CTa-
HOBUTHMME TPETUHY BiJl 3arajibHO1 KiJbKOCTi HaceJIeHHs
rutaHeTu. [JloGasbHE cTapiHHS HaceJieHHs — 1€ JiliCHO
cepito3Ha rpobieMa, sika CTAaHOBUTb BUKJIMK JIJIST CYCTIiTb-
CTBa B IIIJIOMY, OCKIUJIBKM 30iJIbIIICHHS YaCTKU JIIOIEH I10-
XWJIOTO BiKYy MPU3BOIUTH 0 OaraThoX HEraTUBHUX HACIiI-
KiB, BKJIIOYAlOYM 3POCTAHHS HaBaHTaKEHHS Ha CUCTEMY
OXOPOHMU 3I0POB’SI 3a paxyHOK 30iJIbIIIEHHS YaCTKHU OCi0 i3

BiKacoliitoBaHuMmu 3axBoproBaHHsaMU [ 1]. [Topsiz i3 Takoro
TeHACHII€I0 TaKoxX 3a gaHumu BOO3, 1m0 rpyHTYIOTHCS
Ha pe3yJibTaTax MaclITaOHOTO eITiIeMioJIOTriYHOro MOCIIi-
mxeHHst STEPS (2019) B YkpaiHi, BinMiueHo, 1110 cTaHAap-
TU30BaHUI 32 BIKOM MOKa3HUK MOLIUPEHOCTI apTepiabHOI
rinepteHsii (Al') cepen nopociux Bikom 30—79 pokiB crta-
HOBUTH 43 % 3 po3moaiioM 3a ctaTTio 45 i 42 % BiInoBiTHO
Y YOJIOBIKiB i XiHOK [2]. Lle craHoBUTH 61M3bKO 13,2 MIIH
nopociux 3 Al''y 3a3HaueHOMy BiKOBOMY niara3oHi. Kpim
TOTO, TIPAaKTUYHO TTOJIOBUHA TallieHTiB 3 Al" (49 %) oTpu-
MY€ aHTUTIMepTeH3UBHY Tepariito, aje auiie 14 % maioTh
KOHTpoJiIboBaHMit apTepianbHuit TUCcK (AT) < 140/90 MM
pr.cT. Takuit BKpail HU3BKHI IMOKA3HUK €(GEeKTHUBHOCTI
KOHTpoJ10 AT y momyJisilii € K’II040BUM YMHHUKOM Ceplie-
BO-CYIMHHOI CMEpTi, 3a IKMM YKpaiHa BilHeceHa 10 KaTe-
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ropii KpaiH 3 1y>Ke€ BUCOKMM CEPLIeBO-CYAMHHUM PU3UKOM,
a Al po3rIsIIaeThbes IK HAUBIUTMBOBILIMI (haKTOP PU3UKY
PO3BUTKY aTepOCKJIEPOTUYHUX CEPLIEBO-CYAMHHUX 3aXBO-
pIOBaHb i cMepTi Big HUX [2].

Binomo, 1m0 AT € oiHi€l0 3 OCHOBHMX TTPUYMUH PO3BU-
TKY XpOHiYHOi XBopoOu HUpoK (XXH), Kou po3BUBa€ETh-
csl TOIIKO/XKEHHsI He(POHiB, KaHAJIBIIEBOTO eTIiTelilo Ta
E€HIOTEJiI0 CYyIUH HUPOK. 3TiTHO 3 aKTyaTbHUMU €BPOTIEH-
cbKUMU pekoMmeHaauismu, XXH Bu3HavyaeThcs sIK aHOMa-
Jii cTpyKTypu a00 (yHKIIiI HUPOK, SIKi HasiBHI IPOTSITOM
IoHalMeHIIe 3 MicALiB i MalOTh HACIIAKU JUISI 3M0POB’S
[3, 4]. Knacugikyerbcas XXH 3a kareropi€to MIBUIKOCTI
ki1yooukoBoi dinbrparii (LHK®D) (G1-GY) i kareropieio
anbOoyMiHypii (A1—A3). Jlist miarHOCTUKM 3aCTOCOBYIOTh
JIBa OCHOBHi MOKa3HUKU: PO3PAXYHKOBY IIBUAKICTh KIIy-
6oukoBoi @inbrparii (pLIK®), 1mo po3paxoByeTbCs Ha
OCHOBI piBHSI KpeaTWHiHY B CHpOBaTIli KpPoBi 3a ¢dhopmy-
noto Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI), a Takox criBBiHOIIEHHS aibOyMiH/KpeaTu-
HiH (CAK) y ceui. [Ipotsrom TpuBasoro 4acy, oco0JIMBO
Ha moyatkoBux cTanmisgx (G1—G2), XXH 3anmmumanacs He-
IOCTAaTHBO MiaTHOCTOBAHOIO, MOIPU ii 3HAYHUI BHECOK
y TiABUIIEHHS CeplLIeBO-CYAIMHHOI 3aXBOPIOBAHOCTI Ta
cMmeptHocTi. 3HmkeHHs1 pIIIK® Bigirpae Kiwo4oBy poib
y naroizionorii B3aEM0O3B’SI3Ky MiX ypaxKeHHSIM HUPOK i
KapaioBacKyJISIpHUMU MOIiSIMH, i, OKpiM iHIIUX (haKTOPiB
pusuky, XXH cama 1o co0i € ofHUM 3 HallCUIIBHIIINX (haK-
TOPIB PUBMKY CMEPTi Bijl CeplLIeBO-CYAMHHUX 3aXBOPIOBaHb
(CC3) [5]. Tak, y 2016 pomi XXH 6y:a 13-10 y clIUCKy TpH-
yuH cmepti. [IporHosyetnes, mo y 2040 poili BoHa cTaHe
5-10 IPUUYMHOO cMepTi [6].

Iloengnannsa crapinxsg, XXH Ta rirepreHsii cTBoproe
3aMKHEHE KOJO, A¢ KOXeH (DaKTop MOTipIIye iHIII, 110
MPU3BOIUTL M0 TiJABUIIEHOTO PU3MKY YCKJIaTHEHb Cep-
neBo-cynuHHoi cuctemu (CCC). KiiHiYHMM IposSIBOM
TaKoi matogisioyioriyHoi B3aeEMOil MixX (aKTopaMu pu-
3uky A, XXH i CCC € kapaiopeHOMeTabOJiYHUIT CHH-
apom (KPMC) [7]. Ak Hacninok, KPMC nos’s3anuii i3
OiTBIIO MMOBIPHICTIO BAHMKHEHHS ycKiagHeHb — [XC,
IHCYJIBTY, CeplLeBOi HEAOCTATHOCTI Ta parToOBOi CeplLEeBOl
cmepti [8]. Xapakrepno, mo KPMC cTocyeTbest THX, XTO
mae pus3uk CC3, ta Tux, xT0 Bxke Mae CC3. SIk Hacimox,
BYaCHa paHHSI IialTHOCTUKA Ta e(peKTUBHE JIiKyBaHHS 3 J0-
CSTHEHHSIM Ta yTpuMaHHsIM AT B MexXax ILIJTbOBOTO Iiara-
30HY, a TAKOX BIUIMB Ha (DakTOpM PU3MKY 3MaTHi 3HATHO
3MEHIIUTU PU3MK PO3BUTKY (haTaJbHUX Ta HedbaTaJIbHUX
YCKJIaAHEHb — MO3KOBOIO iHCYJBTY, iH(apKTy MioKapaa
Ta CceplLeBO-CyauHHOi cMmepTi. Kpim Toro, eheKkTuBHUIA
KOHTpoJib AT 3MeHIllye pU3UK PO3BUTKY (hiOpMIsILii me-
peacepab, cepieBoi HegoctatHocTi Ta XXH [2]. CyuacHi
JMOCITIIKEHHST aKIEHTYIOTh yBary Ha BaXXJIMBOCTi BUSIB-
JIEHHSI HaBiTh MTOMIPHOTO 3HWXEHHSI (PYHKIIiT HUPOK JUISI
CBOEYACHOTO BTPYYaHHS Y ITAlli€EHTIB 3 TPYIM PU3UKY. 3a
pekomeHaauissmMu 2024 poky MoTpiOHO pO3rJIsaaTi MOX-
JIUBICTB MoYaTKy JiikyBaHHs XXH 1mipu niepiiiomy X rnposisi
sHkeHHs pLIIK® a6o minsumenns CAK [9].

3 orisiay Ha Te, 110 HA ChOTOAHI HEJOCTATHBO IOCIi-
mxeHo xapakTep 3MiH CAK y ceui Ta iX B3a€EMO3B’SI30K i3
konuBaHHsIMU pLIIK® y nauieHTis i3 AT, 1110 o€ aHYETHCS

3 TUCGHYHKIIIEID €HI0TEi0, 3AIMIIAETHCS BaXXJIMBUM -
TaHHS OLIHKM PaHHIX MapKepiB MPOrpecyBaHHS yPaXKEHHS
HUPOK B 0¢ib 3 A" cepemHbOTO Ta JIITHHOTO BiKY.

Mera: ouiHUTH (DYHKIIIOHATBHWI CTAaH HUPOK i CyTUH-
HOTO eHJ0TeJIit0 B 0ci0 pizHOro Biky 3 o3HakamMmu KPMC Ta
3’CyBaTH MOXJIMBOCTI KOPEKIIii BUSIBIIEHUX 3MiH i3 3aCTO-
CYBaHHSIM €KCTPaKTy JIECIe[e3U TOJIOBYACTOI (IieTUYHA
nobaBka Jlioepa, TOB «bixenc», YkpaiHa) sIK IIOTeHIIIiTHO-
ro 3aco0y He(pOo- Ta aHTIOIPOTEKIILii.

MarTtepiaAn Ta meToamn

JlocnimkeHHsT MpoBeAeHO Yy Biaaili dapmaxkoTreparii
BiK3aJIeXKHUX 3axBoploBaHb 1Y «IHCTUTYT repoHTOJIOril
iM. JI.®. YeborappoBa HAMH Ykpainu». [TpoTokon po-
0oTu OyB yxBajieHUil KomiTeToM 3 MeIMYHOI €TMKU TMpU
Y «Iactutyt reponrosorii im. .M. Ye6oTtaproBa HAMH
Ykpainun» No 2/25 Bin 24.02.2025 p. KniniuyHe gocmimKeHHS
MPOBEJICHO BiITOBIIHO 10 YNHHOTO 3aKOHOJAaBCTBa YKpa-
iHM i mpuHUMIiB [e1bCiHCHKOT AeKIapaliii 3 paB JIOANHU.

[lepBuHHO OyiI0 00CcTEXEeHO 152 0COOM pPi3HOTO BIKY.
[licna perenpHOro Bimbopy Oyj0 BUKIIIOUEHO 58 o0cid
(Taba. 1). Orxe, NpoBeeHO KOMIUIEKCHE oO0cTexXeHHs 94
ocib pi3Horo Biky (cepenHiit Bik 54,82 £ 0,97 poky), 3 HUX
4oJ10BiKiB 0ys10 29 (30,85 %), xiHOK — 65 (69,15 %).

Ipyny oci6 cepennboro Biky (47,11 £ 0,78 poky) cra-
HOoBWIA 55 oci6: 20 vonosikiB (36,36 %) 1a 35 XiHOK
(63,63 %), noxunoro Biky (67,18 £ 0,81 poky) — 39 oci6,
3 gkux 0yno 8 yosoBikiB (20,51 %) Ta 31 xinka (79,50 %).

Taxkum YMHOM, TOCITIIKEHHS 0a3y€ThCST Ha Pe3yJIbTaTax
MePBUHHOTO 00CTeXXeHHS 94 0cib pi3HOTO BiKY Ta CTaTi.

KputepisiMmu BKJIIOYEHHSI B IOCHTIIKEHHSI OyIu: 4o-
JIOBiKM 1 XiHKM BikoM 40—74 poxm 3 IOMipHUM, BHCO-
KIM i Iy*kKe BUCOKIUM pu3UKoM po3BuTky CC3 3a mKaiowo
SCORE-2 Tta AI' 2-T0 cTyneHs, HOpyIIeHHIMHN (DYHKITii
Hupok (CAK 30—300 mr/r ta moHaza 300 mr/r, plIIK® 45—
89 mi/xB/1,73 M?). OGOB’sI3KOBOIO OyJia 3[aTHICTH Malli-
€HTa A0 aIeKBaTHOIO CIIiBPOOITHMILITBA Ta MiANKMCcaHa HUM
MKUChbMOBA 3r0JIa Ha YUacTh y TOCIiIKEHHI.

Oo6cTtexeHi mManu (GakTopu CepleBO-CyIMHHOTO pU-
3UKYy Ta O3HAKW METabOJiYHOTO CUHAPOMY 3a KPUTEpisi-
mu ATP III [10]: okpyxHicTb Tamii > 102 cM y 40JIOBIKiB i
> 88 cM y XKiHOK; X0JIECTEPUH JIITOMPOTEiniB BUCOKOI IIiTh-
HocTi < 1,03 MMoJb/71y yosioBIKiB i 1,29 MMoJIb/1T Y XKiHOK;
TpunIinepuan > 1,7 MMoJb/J; piBeHb apTepialbHOTO TUCKY
> 130/85 MM PT.CT.; piBeHb TIIFOKO3M HATIIIE > 6,1 MMOJB/I.

Ta6nunys 1. [NlepBUHHE O6CTEXEHHS rpyn

Fpynu o6¢cTexxeHnx Oco6wnpi31|-l 502r DL

[MepBMHHO OrNsIHYTO 152

LA 2-ro tmny 7
OHkonaTonoris 8
I'Ioni!vlopéi,quCTb (micnsa rocTpumx 10

CTaHiB)

BukntoueHo 3a piHMMuK npu- 33

YMHaMm

BkntoyeHo 94
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OO0CcTexXeHHs MPOBOIMIN 3 BUKOPHUCTAHHIM CTaHIAPT-
HUX KJIiHIYHUX, aHTPOIIOMETPUYHUX Ta JaOOpaTOPHUX i iH-
CTpyMEHTaIbHUX MeTOiB. [iarHocTuky Al’ Ta BU3HAUEHHST
CC3 nmpoBOAM/IY BiJIITOBIAHO 10 YNHHUX EBPOTEUCHKUX Ta
HalioHaJIbHUX peKoMeHarii [2, 11, 12]. HasgBHicte XXH
Ta Kareropii 3miH pLLIK® i anp0ymiHypii OlLliHIOBaIM 3Ti-
HO 3 €BPOIENCHKMMU peKoMeHaalisimu |3, 4].

CraH BYIJICBOOHOTO OOMIHY OIIHIOBAJIM 3a PiBHS-
MU TJIiKeMii HaTie, IMOCTIpaHIiaIbHOI IIiKeMii, BU3HA-
YeHUMU (EePMEHTATUBHUM METOIOM 3 BUKOPUCTAHHSIM
aHaunizatopa Respons 920 (HimeyunHa), Ta piBHEM KO-
BaHoro reMorno6iny (HbAlc), Bu3HayeHUM iMyHOTYpOi-
ITUMETPUYHUM TeCTOM, ITocwieHUuM yacTuHkamu HbAc.

71 OLiHKY CTaHy JIiMiZHOro oOMiHYy BM3HAyajaud pPiB-
Hi 3aranbHoro xosecrepuHy (3XC), xosectepuHy JiiIo-
npoteiniB Bucokoi minbHocTi (XC JITIBIL) Ta HuU3bKO1
miabHocTi (XC JITTHILLL), rpurninepunis (TT) y cupoBariii
BEHO3HOI KpOBi 3a CTaHIAPTHUMM OiOXiMiYHUMU METO-
MMKaMU Ha aBTOMAaTUYHOMY OioxiMiuHOMY aHajizatopi
Respons 920 (HimeuuuHna).

PiBui 3XC BusHavanmum ¢epMeHTaTUBHUM (oToMe-
TpuyHuM Tectom CHOD-PAP, TI' — depmenTatus-
HUM (OTOMETPUYHUM TECTOM 3 TIiilepoia-3-docdar-
okcunazoio, XC JIIIBIL[ — omHOpimHMM iMyHOTECTOM
i3 Bu3HayeHHsIM KomiuiekciB AI'-AT, smict XC JITTHIIL
pospaxoByBanu 3a (popmynorw @pinsanpaa (XC JITHIL =
= 3XC — (XC JIIBIL + TI/2,2), mmonb/) [13]. Ingexc
aTeporeHHOCTi BUpaxoByBaBcs siK criBBinHomeHHsT 3XC i
XC JITIBLI.

11106 BUM3HAYMTH PUBUK PO3BUTKY CEPLIEBO-CYJAMHHUX
3aXBOPIOBaHb, PO3PAXOBYBAIN IMTOKA3HUK CEPIIEBO-CYTNH-
Horo pu3uky — iHmekc Castelli — SIK CITiBBiZHOIIEHHS
3XC/XC JIIBILI, ta ortucane Boizel criBBimHomenHs TT'
i XC JHIBILL > 3, 110 TexXX KOpeoe 3 PO3BUTKOM T'OCTPUX
KOPOHApHHUX YCKJIAIHEeHb, a TaKOX BMKOPUCTOBYBaJach
oHogsjeHa mkKana SCORE-2 [14, 15].

BusznauenHst plLIK® niposoawiu 3a hopmyoro CKD-
EPI 3 ypaxyBaHHSIM piBHIB KpeaTUHiHYy CUPOBATKU KPOBi
(https://www.mdapp.co/egfr-calculator-by-ckd-epi-79/)
[16—18]. AnbOyMiH-KpeaTHHIHOBE CIiBBiIHOLLIEHHS ceyi
Bu3Havyasim Ha aHaiizaropi ceui M7 URISCAN Optima
(YD Diagnostics Corp., Kopest, nmocrayaibHUK B YKpaiHi
TOB «<MEJl EK CEPBIC»).

OuiHKy (yHKIIOHAJIBHOTO CTaHy €HIOTEIiI0 MIKpOCY-
JTUHHOTO pycJia MPOBOIMIIM Ha TBOKAHAILHOMY JIa3€PHOMY
norepiscbkomy doymerpi BLF-21D (Transonic Systems
Inc, CIIIA) y BuXiZHOMY CTaHi CIIOKOIO, a TaKOX ITiCJIs
npoBeAeHHs (PYHKIIIOHATBHOI IIPOOU 3i CTBOPEHHSIM peak-
TUBHOI rinepemii [19].

DyHKIIi10 eHI0TeNi10 BeJMKUX CYAUH BU3HAYANM i3 3a-
crocyBaHHsaM npobu D.S. Celermajer, 3 MOCTOKITIO3iliHOIO
pPEakTUBHOIO TiMepeMielo 3a 3arajJbHOMPUHHSITO METO-
NMUKOIO Ha yJabTpa3BykoBoMy amnapati iE33 Philips, natumk
L 11-3 (4,0 MI1) 20, 21].

BxioueHuM y IOCTiIKEHHST TallieHTaM Ha J10JaTOK
IO CTAaHIApTHOI aHTUTINEPTEH3UBHOI Teparlii BiIIIOBiTHO
IO YHi(iKOBaHMX KJIIHIYHMX IIPOTOKOJIIB OyJIO IpH3HA-
yeHo nieTnuHy no6aBky Jlioepa (TOB «bixenc», Ykpaina)
3 METOIO KOpeKllii (DyHKIIiIOHAJIbHOIO CTaHy HUPOK Ta €H-

noTeltio B ocio pizHoro Biky 3 KPMC [2, 4]. OaHa kar-
cyna aieTnyHoi nodasku Jlibepa (TOB «bixesnc», Ykpaina)
MIiCTUTB: €KCTPAKT CTeO1a i TUCTS JiecIee3u roJoBYacTol
(Lespedeza capitata) mopomkononionuit 300 mr. Exc-
TpakT crebia i ucTa jecrnenesu rosopuactoi (Lespedeza
capitata) MicTUTb (hJTaBOHOI M, 30KpeMa (hIaBOHOIU — PYy-
THH; (JIABOHM, KaTeXiHU Ta iHIIi 0i0JOTiYHO aKTHBHI pe-
yoBuHU. KoMI1eKc 6i0/0TiYHO aKTUBHUX PEUOBUH cTeO1a
W JUCTS JIeCTefe3! roJIoBYACTOl 30iIbIIYyE miype3, 3MeH-
LIIy€e a30TeMilo, MiABUIIYE BUIIICHHS HATPil0 i MEHIIOI0
MipoI0 KaJlilo, Cripusi€ 30iIbIIeHHI0O HUPKOBOI (hibTpallii,
MPUCKOPIOE BUBEACHHS a30TUCTUX IIUIAKIB i3 ceuero.

IIpy BUKOHAHHI CTAaTUCTUYHOI OOPOOKM OTPUMAHMX
JIAHUX 3aCTOCOBaHi Taki METOAU: PO3PaXyHOK CEpelHbO-
ro apu(pMeTUYHOro Ta oro cepeaHboi nmoxudbku (M + m),
OIIiHKA BipOTiTHOCTI Pi3HUIII OTPUMAHUX PE3YJIBTATIB y TTO-
PIBHIOBaHUX Ipyrnax 3a JIONoMorow Kpurepito CTbloIeHTa.
st TopiBHSIHHS 4acToTH (hikcallii sIKICHUX MOKa3HUKIB
3acTocoByBasM KpuTepiii x* [TipcoHa mist TaGIMIb CTIIONY-
YEHOCTI 3 TToIIpaBKoIo €ifTca.

Pe3yAbTaTK TO OGrOBOPEHHS

Pesynbratu aHamizy mokasajiu, IO Cepel yCiX ydacHU-
KiB IOCTIKEHHsI 3HaYHO MepeBaxaan XiHku (69,15 %),
TOMi SIK Y0IOBiKiB Oyino nauine 30,85 %. Ocobu cepenHbo-
ro Biky (47,11 £ 0,78 poky) cTaHOBJATH OLTBIICTD (62 %
BUOIPKM) 3 TIOMITHUM TIepeBakaHHSIM KiHOK (63,63 %). Y
IpyIi moxuiioro Biky (67,18 + 0,81 poky) yacTka 4oJI0BiKiB
3HavyHO Hikva (Juire 20,51 %), 1110 Moxe 6yTH MOB’s13aHO
3i crieln}ikoro TPUBAJIOCTI XUTTS Ta 3aXBOPIOBAHOCTI Ce-
pen 4osioBiKiB. MoXHa MOMITUTH, 1110 y TPYTIi CEPETHbOTO
BiKy 4acTKa YOJIOBIKiB 11Ie BiTHOCHO Brcoka (36,36 %), ane
y CTapliliii rpyIli BOHA 3HAYHO 3HWXKY€EThCs 10 20,51 %.

Lle y3romkyeThcs i3 3arajibHOIO TEHICHIIIEIO 10 CTapiH-
HSI HaceJIeHHs, 3a SIKOI XKiHKM MalOTh JOBIIY TPUBaJiCTh
KUTTSI, Ta BKa3ye Ha MeBHi aemorpadiuyHi ocoOJMBOCTI
BUOIpKHU, 30KpeMa TPUBAJIICTh XUTTS Cepell XKiHOK, sIKa 3a-
3BUYAl € BULLOIO.

Y po6oTi MiATBepIKEHO 3arajibHi TEHAEHIIi1 CTapiHHS Ha-
CEJIEHHSI, KOJIM KiTbKiCTh XXiHOK MOXWJIOTO BiKY ITEPEBUIILYE
KiJIbKiCTh YOJIOBIKiB Uyepe3 0i0JIOTiuHi Ta COoLliaIbHi (DaKTOPH.

Pesynbratu anamisy ¢yHKIIii HUPOK 3a JaHUMU 3MiH
nokasHuka plIIK® (3a piBHeM KpeaTHHiHy B CHpPOBATLI
KpOBi) Y 0OCTEeXKEHMNX CBimUaTh IIPO ii 3HMKEHHS Yy Oilb-
mocTi oci6 crapioro Biky (67,18 £ 0,81 poky) mopiBHS-
HO i3 ocobamu cepenHboro Biky (47,11 £ 0,78 poky) —
64,01 = 2,21 ma/xs/1,73 M*1a 79,73 £ 1,91 mu/x8/1,73 m>
BianosigHo. Tak, He3HauHe 3HMKeHHs pLIK®D y mexax
kareropii G2 (60—89 mu/xB/1,73 M?) mpuTaMaHHE BCiM
obcTexkeHNM cepemHboro Biky (100 % Bumnankis), Tomi sIK
B 0Ci0 moxusioro Biky B 46 % BUIMaaKiB BUSBIEHO Bipori/-
He 3HkeHHs pLLIK® y mexxax kateropii G3a (45—59 mi/
xB/1,73 M?) (x*>= 0,0006, p = 0,0002). JIute y He3HAYHOI
gactuHu obctexxeHux (10 %) croctepiraeTbest HOpMalb-
Ha a6o Bucoka pIIIK® y mexax kareropii G1 (= 90 mu/
xB/1,73 M?).

Amnani3 3miH nokasHuka CAK ceui mokasas, moy 71 %
00CTeXXeHUX LIell MOKA3HUK 3aIMIIaBCsI B MeXaxX KaTeropii
anpOyMiHypii Al (< 30 Mr/r), 1110 CBiTYUTH PO OTr0 HOP-
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MaJlbHUI 200 HE3HAUHO MiABUILIEHUI piBeHb. 3MiHU I10-
kasHuka CAK ceui B Mexkax kareropii A2 (30—300 mr/r) Ta
A3 (nonan 300 mr/t) BusiBiieHO y 29 % obcTexkeHnx — 24 Ta
5 % BiOMmoBiAHO, 110 CBiAYMTH MPO HasgBHE YpPaKeHHST HU-
POK SIK OpTraHa-MillleHi.

IMpoananizyBaBlIM OTpUMaHi pe3yJibTaTh, MOXHA PO3-
MOJUIUTU OOCTEXXEHUX Ha TPU KJIiHIYHI Tpynu 3a mokas-
HukoM pLIK® ta CAK: 1-ma rpyna — i3 mokKa3sHUKaMK
pIIK® 60—89 mi/xB/1,73 m> Ta CAK < 30 Mr/T; 2-Ta TpYy-
ma — pIIK® 60—89 mu1/x8/1,73 M2 Ta CAK 30—300 mr/T;
3-1a rpyma — plIK® 45—-59 mi/x8/1,73 m?> Ta CAK 30—
300 mr/r Ta Bule (Tabi. 2).

IIpu perenbHOMY aHaji3i BMIUIEHUX TPYIl BUSIBIE-
HO, 10 cepen ocib cepeaHboro Biky (1-1 ta 2-i rpym) i3
He3HayHuUM 3HMKeHHsM pLIK® y mexax kareropii G2
(60—89 mut/xB/1,73 M?) BUSIBJICHO TTiABUILIEHHS TTOKa3HUKA
CAK y TpeTrHU 00CTEXEHUX, TOi SIK B OCi0 IMTOXUJIOTO BiKy
npeBanioe 3HWKeHHsT pLIIK® 40—-59 mi/xB/1,73 M?, sike
posuiHoeThes Ik XXH y Mexxax kareropii G3a (ta6J. 3).

IToTpiOGHO 3a3HAYNTH, IO Y BCIX MiATPYITaX 00CTEXKEHMX
3 pisuumu kKareropismu plIIK® (G1, G2 ta G3a) Buss-
JISLTACH 0COOM 3 HOPMAaJIbHUM a00 He3HAYHO ITiIBUILIEHUM
piBHeM anbOyMiHypii B Mexax kateropii Al (< 30 mr/r).
Haii6inbina yactora Takux XBOpux Oyja B MiArpymnax ocio
cepeaHboro Biky 3 Kareropismu pILLIIK® G1 ta G2.

Cepen oci6 moxuioro Biky 3 Kareropieo plIIK® G3a
migBuineHHst CAK BusHaueHo B 25 % oci6. OmHak Bimco-
TOK 0ci0 rmoxuyioro Biky i3 pLLIK® G3a 6yB BiporigHo 6ijib-
M (p < 0,05), HiXX BiZICOTOK XBOPUX 3 TTOMiPpHUM TIi/IBU -
meHHssM CAK cedi mopiBHSIHO 3 0cO0aMM CEPETHBOTO BiKY.

3HIDKeHHS (QYHKIiI HAPOK, 110 BU3HAYAETHCS 3a I10-
KaszHuKoM pIIIK®, acowitoeTbes 3 MiABUILIECHUM PU3UKOM
CepleBO-CYJAMHHOI 3aXBOPIOBAHOCTI Ta 3arajibHOI CMepT-
HOCTi, i LIefi MOKa3HMK MOXHa PO3IJISHaTU SIK (akTop
CepleBO-CyIMHHOTO pU3uKy [22, 23]. leski naHi cBiguyaTh
po Te, 1110 eHAoTeliabHa AUC(YHKIISI HasBHA HAa paHHIX
CTalisIX HUPKOBOI HEAOCTAaTHOCTI, ajie HeAOCTaTHLO TaHUX

Mpo ii MOXXJIMBY POJIb Y IIPOrpPeCyBaHHi 3aXBOPIOBAHHS HU-
poK [24, 25].

[Tpu omiH1Ii (DYHKIIIOHATBLHOTO CTaHY EHAOTEiI0 BUSIB-
JIEHO, 1110 cepell 00CTeXKEeHUX MalieHTiB (n = 94) 3 pisHUMU
kateropisimu pIIIK® (G1, G2, G3a) o3HaKu eHaOTETiab-
Hoi quchyHKIIT criocTepiramucsa y 54 oci6 (57,45 %). 13 Hux
y 19 mamienTiB (35,18 %) 3acdikcoBaHo KpaiiHiii CTymiHb
TOPYIIIEHHST — Ba30CTACTMYHY Peakiliio MpU MPOBeIeHHI
mpobu 3a metonukoio D.S. Celermajer, 110 CBiTYUTH TIPO
BUpaxkeHe MOPYIIeHHs eHI0Teili3aesKHO1 Ba3oAuIaTallii.

Cepen o0CTexkeHUX i3 TMC(YHKIIIEI0 eHA0TENiI0 Ber-
kux cynuH y 70,4 % (38 oci6) mokasuuk CAK BUsSBUBCS
< 30 mr/t, B 29,6 % (16 ocio) — 30—300 mr/r (10 oci6)
ta moHan 300 mMr/r (6 oci6). Y rpymi ocib i3 36epexkeHO0I0
dysKIIieo eHmoTenio: y 65 % (26 ocio) CAK BusBuBCsS
<30 mr/r; y 14 ocio CAK BusiBuscs 30—300 mr/r; BiacyTHi
ocobu 3 CAK nonan 300 mr/r. Takum YMHOM, JIMIIIE Cepest
Mali€HTIB 3 €HI0TEeNTiaTbHOI0 TUC(HYHKIIIE0 3adiKCOBAHO
CAK > 300 mr/t (y 5 oci6, a6o 9,2 %), 1o 1eMOHCTpYE
BiporinmHy cratuctuuHy pisHuimo (x> = 0,01; p = 0,03)
(Tabm. 4).

Taxk, B 0ci0 3 TUCHYHKIIIEIO HOOTENiI0 BEIMKUX CYINH
ta 3HrKeHHIM pIIIK® y mexax kateropii G2 (60—89 mi/
xB/1,73 m?) Ta G3a (45—59 mi1/x8/1,73 M?) BinmiueHe min-
BuieHHs1 nokasHuka CAK Bume 300 mr/r (x> = 0,01,
p = 0,03) mopiBHSHO 3 TPyINOI0 0OCTEXEHUX i3 30€PEKEHOI0
(yHkuiero enporenito. [TopiBHAHO 3 TPYIOIO MAIliEHTIB
i3 30epekeHOI0 eHIOTeiaTbHOIO (PYHKIIIEIO 1€ MiICUITIOE
rinoTe3y Mpo 3B’SI30K MiX MOPYIIEHHSIM €HIO0TeTialbHOT
dynkuii, nmporpecyBanHsaM 3HKeHHsT pLIIK® Ta mikpo-
aTbOyMiHYpi€o.

B oci6 3i 3HmxenHsMm plIK® y mexax kareropii G2
(60—89 mu/xB/1,73 m?) Ta G3a (45—59 mn/xB/1,73 M?) Bin-
Miu€HO 3HMXKEHHSI eHIOTeIialbHOI (DYHKIII CyIMH MiKpo-
LUPKYJIATOPHOI TaHKK y 84 % Bumnankis, npu npomy CAK
< 30 mr/r BusiBnieno y 50,00 %, CAK B meskax 30—300 mr/r
BusiBieHO y 43,75 % ta CAK nonan 300 mr — y 6,25 % oci6

Ta6nunus 2. KniHidyHa xapaKTepucTuka o6CcTexeHux ocié

KniHiyHi rpynu (n = 94)
Moka3Huk
1-wa 2-ra 3-19
Bik 53,44 + 1,23 52,00 = 1,53 72,33 + 1,28**
KinbKicTb 06CTEXEHUX n=>55 n=27 n=12
pLUK® 74,50 + 1,99 80,82 £ 2,43 52,50 + 1,10*
CAK <30 30-300 30-300

Mpumitkn: * — p < 0,05 nopiBHsiHO 3 ocobamu 1-i rpynu; # — p < 0,05 nopiBHsAHO 3 ocobamu 2-i rpynu.

Ta6bnunys 3. BikoBa cTpyKTypa rpyn o6¢cTexeHux ocié 3a nokasHukom pLUIK®

KniHiyHi rpynum (n = 94)
MokasHuk
1-wa 2-ra 3-15
Bik CepepHin | Moxunuin | CepepHin | Moxunun | CepepHin | Moxunun
BiK BiK BiK BiK BiK BiK
YacToTa 5
. x?, ,=0,15,p=0,23
gvg/l:;eHHﬂ, 34 (62) 21 (38) 21 (78) 6 (22) 0 (0) 12 (100) s 1=2010001, b = 0,0004

lpumitka: * — p < 0,05 nopiBHsIHO 3 oco6amu 1-i rpynu.
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MTOPIBHSTHO 3 IrpyIoo oci6 (16 %) i3 36epekeHor0 HYHKIIED
CYIMH MiKpoLMpKyasiTopHoi naHku: 33,30; 66,70 % Bimmo-
BifmHO 3a BifcyTHocTi ocib i3 CAK nmonan 300 mr/r. Lls TeH-
neHiist HesiporigHa (2= 0,08, p =0,13), mpoTe BOHA TTOBTO-
PIOE TaKy XX TEHIEHILIO II0I0 HassBHOCTI Mmoka3Hnka CAK
noHan 300 Mr/T B oci0 i3 mopyileHHsIM (PYHKIIOHATbHOTO
CTaHy €HJI0Teil0 BeJMKUX cyauH. [1oTpiOHO BimMiTUTH Ha-
SIBHICTb (P€HOMEHY B3a€EMOOOTSKEHHSI B 0Ci0 3i 3HIZKEHOIO
pIIIK® B mexxax 40—89 mi/xB/1,73 M2 Tak, 56,25 % obcte-
JKeHUX MaIOTh IMOETHAHHS AUCQYHKIIT eHIOTEIiI0 BEJIMKIX
Ta ApiOHMX CcymuH, 3 HUX y 44,44 % BinMiueHO MOKa3HUK
CAK 30—300 mr/r, y 11,11 % — nonan 300 mr/r.

Takum ynHOM, B pe3y/abTaTi MPOBEIEHOIO AOCIiIKEH-
HSI MOXHa BiJOKpPEMWMTHU TieBHi (heHOTMNU TALEHTIB 3i
sHmkeHHsaM plIIK® y mexax kareropii G2 (60—89 wmu/
xB/1,73 m?) ta G3a (45—59 mi/xB/1,73 M?): 3a BikoM —
CepeIHbOTO Ta TOXMJIOTO BiKy, 3a rmokasHukoM CAK —
<30 mr/r, 30—300 mr/r Ta moHan 300 Mr/T, 3 MOpyLIEHHSIM
(bYHKIIiT eHI0TeJi10 BeJIMKUX CYIUH Ta/a00 IpiOHUX CyI1H.

Bincythictb oci6 i3 piBHem CAK > 300 mr/t cepen na-
LIEHTIB 3i 30epeKeHO0I0 SHIOTEMabHOIO (QYHKIIIEID (K Y
CcepeaHbOMY, TaK i B ITOXWJIOMY Billi) CBiTUMTb IIPO TiCHUIA
3B’S130K MiX 3HAYHOIO aJIbOYMiHYpi€l0 Ta €eHI0TeiaIbHOI0
nucdyHkuieto. ImopipHo, CAK > 300 Mr/r MoxHa po3riisi-
JATU SIK iHAMKATOP 3HAYHOTO IMOIIKOMKEHHS CYyTMHHOI CTiH-
KU, SIK1I BijoOpaXkae HasIBHICTb CUCTEMHOI €HI0TeTiaIbHOT
nucodyHkuii. [Hakie kaxyuu, Bucokuit piBeHb CAK Moxe
BUCTYNATH MapKepOM HasSIBHOTO TOIIKOJIKEHHSI €HIOTEJIIO,
Toi sIK HU3bKi uu roMipHi 3HaueHHs (CAK < 30 mr/r abo
30—300 mr/T) 111e MOXYTb criocTepiratucst Ha (oHi 30epe-
KeHoi ¢yHKIi eHpotenito. Lli pesyasraTi migkpecioTh
LiHHICTh KOMILIEKCHOI OLIIHKM K (DYyHKIII HUPOK, TaK i
(YHKIIIOHAJIBHOTO CTaHy €HOOTENIiI0 s cTpaTtudikarii
CepLeBO-CyANMHHOIO PU3KUKY, OCOOJIMBO B 0Ci0 i3 IMOYaTKO-
BuUM 3HIKeHHSIM pIITK® y mexkax kareropii G2 (60—89 mi1/
xB/1,73 M?) Ha (OHi KapIiOpeHOMETAOOIIYHOIO CUHIPOMY.

OTtxe, IpoBeieHe 00CTEXKEHHSI 103BOJIUIIO C(HOPMYITIO-
BaTU KOHILIETILIIO 11010 MTOTPeOM PaHHbBOI AiarHOCTUKHU Ta
KOpeKIii (PyHKIIIOHAJIBHOTO CTaHy HUPOK Ta €HAOTENiI0 B
oci6 pizHoro Biky 3 nposieamu KPMC. Bigomo, 110 Lespe-
deza capitata (1ecriene3a rojjoBuacrta), Lespedeza bicolor Ta
iHIII TipencTaBHUKY Buay Lespedeza sp., fitouu siK iHTiOi-
TOPU aHTIOTEH3WHIIEPETBOPIOBATIbHOTO (hepMeHTy (AITD),
MOXYTb MaTH aHTIOIIPOTEKTOPHUH Ta HE(PPOTTPOTEKTOPHMIA

edexru. [okazaHo, 1110 npoaHToUiaHinMHU 3 L. capitata iH-
rioytorb AIID in vitro. JIekiabka €BpONEHChKUX KIIHIYHUX
JOCJTiIKEeHb MOKa3aJIu, 110 iH €Ki OUMIIEHOro (IaBOHOI-
Iy Ta eKCTPAKTY MTpoaHTOLiaHiAuHY 3 L. capitata cpusitiu-
BO BIUIMHYJIM Ha moaeit i3 XXH [26, 27].

Binibpanum B xomi mochiimkeHHs: 39 ocobam pizHOTO
Biky 3 mposiBamu KPMC (Ta6:1. 5) 10 cTaHmapTHOI aHTUT-
MepPTeH3MBHOI Tepallii OyJI0 IIpU3HAYCHO MiETUYHY J00aB-
Ky Jlicepa (TOB «bixenc», Ykpaina).

SIX MM MOXeMO 0aunTH, BCi BKIIIOUYECHI B JOCIIIKEHHS
0cOo0M MaJIM BUCOKUI PU3UK CEPLEBO-CYAUHHUX YCKIIA/I-
HEeHb, PO 1110 CBiIYMTh MOKa3HUK iHaekcy Castelli: 3XC/
XC JITBIL, sxuit nepeuirye 3, Ta nokazHuk SCORE-2.
Lle ocobu, OIIBLIICTb 3 IKMX AOCSTIA ONTUMAJIBHOIO PiBHS
CHUCTOJIIYHOTO Ta AiaCTOTIYHOIO apTEePiaJIbHOTO TUCKY, TTPO-
T€ BOHU MalOTh MOPYLIEHHST (DYHKIIOHAJBHOTO CTaHy HU-
POK Ta eHIoTesIiio Ha OHi TinmepriikeMii Ta TUCIImineMii.
Jlibepa mpu3Havaacs SIK TOJATKOBE IXKepesio 0ioIoTiaHO
AKTUBHUX PEUOBMH 3 METOIO MOKpallleHHs (hyHKIiOHATb-
HOTO CTaHy HMpPOK Ta €HmoTesiio mo 1 karcyni 3 pa3u Ha
o0y He3aJIexKHO Bil mpuitoMy i mpoTtsrom 1 micsis. Xa-
PaKTepUCTUKM MALIIEHTIB, BKIIIOUEHMUX B TOCIIKEHHS, 1110
OTPUMYBAJIM Ai€eTUUHY 100aBKy Jlibepa, BKazaHi B Ta01. 5.

3icraBiaeHHs BuxigHux nokasHukiB plIIK®, CAK Tta
¢yHKIi eHaoTeNio yepe3 1 Micsib TMHAMIYHOIO CITOCTe-
pexxeHHst Tipu 3actocyBaHHi JIioepu (TOB «bixenc», Ykpa-
iHa) BusIBWIIO, 110 Moka3HUK pLIK® numraeTbcs He3MiH-
HuM (67,42 + 4,39 mui/x8/1,73 M?) MOPIBHSTHO 3 BUXiTHUMM
nanumu (p > 0,05) B ycix oOCTeXXeHUX MallieHTiB yepe3 |
MiCsIllb CTAaHIAPTHOI Teparlii, TOMOBHEHOI JTiETUYHOIO J10-
6aBkoto Jlibepa, mpote BiporigHo 3pocia (hyHKIIisl eHaoTe-
JIi10 BEJIMKUX CYIWH Ta CYAUH MiKPOIIMPKYJISITOPHOI JIJAHKU
(Taba. 6). Ha doni BigHOBIEHHS (DYHKLIOHAIBHOTO CTaHY
€HJOTeJIi10 BiaMiueHe 301IbIIeHHS YaCTKU 0Ci0 i3 TOKa3HU-
koM CAK < 30 mr/t (2= 0,04, p=0,07), 1110 CBiT4nTH IIPO
TEeHICHLIiIO 10 BiAHOBJIEHHS (PYHKIIIOHAJIbBHOIO CTaHy HU-
pok mpu 3actocyBanHi Jlioepu (TOB «bixenc», YkpaiHa).
Taxuii edekT 3yMOBIIEHUI TUM, 1110 €KCTPAKTU 3 MAroHiB
JIECTIeIE3U TOJIOBYACTOI Ta 3 TPaBU JIECNEAE3U TBOKOJIIp-
HOI OJM3bKi 3a XiMIYHUM CKJIaJoM i (papMaKoIOriyHUMU
BJIACTMBOCTSIMM, a 1X €TAHOJIOBi EKCTPAKTH MalOTh TPUBATY
iCTOpIl0 3aCTOCYBaHHS i XapaKTePU3YIOThCS JOBEIEHOIO He-
(bporpoTeKTOPHOIO €0, 10 JT03BOJISIE X BUKOPUCTOBYBA-
™ It ipodinakTrky Ta dikyBanHsa XXH [28—30].

Ta6nunus 4. KniHidyHa xapaKTepucTnka o6CTeXeHNX oCcib 3anexHo
Bifj hyHKLiOHaNIbHOro craHy eHAoTenito BesIMKuX cyanH

KniHiuHi rpynu (n = 94)
MokasHuk 36epexeHa pyHKLjis MopyweHa dyHKUisA )
eHpoTenio eHpoTenio X

KinbKicTb 06CTEXEHUX n =40 n =54
Bik 55,93 + 1,31 54,78 + 1,66
pLLK®D 69,69 + 2,59 72,21 + 2,58
CAK < 30 mr/r 26 38
CAK 30-300 mr/r 14 10
CAK > 300 mr/r 0 6* x2=0,01,p=0,03

Mpumitka: *— p < 0,05 NopiBHAHO 3 ocobamu 3i 36epeXxXeHoto (hyHKLiE eHpoTerilo.
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Pesynpratu  pociimKeHHSI NPOAEMOHCTPYBaIM, 1O
BKJIIOYEHHS JiETUYHOI mo0aBKu Jlibepa 10 cTaHAapTHOTO
JIiKyBaHHS € Oe3MeYHUM IS HUPKOBO1 (DYHKIIii, a TAaKOX
MOTEHLIHO e(PEKTUBHUM Y MOKpalleHHI CUCTEMHOI €H-
noTeltianbHoi pyHKii. Li 3MiHM MOXYTb BimirpaBaTu pojb
y 3ano0iraHHi MOJabIIIOMY TMOTIPIIEHHIO CTaHY CYJAWH Ta
HUPOK, 110 OCOOJIMBO aKTYaJIbHO JIJIs TIALIiEHTIB 3 TOYaTKO-
BUMU O3HaKaMU eHAOTeIiaIbHOI IUC(YHKIIII Ta IpOosiBAMU
KPMC.

BucHoBKMU

1. PesynbraTu aHanizy aemorpadiuHoi BUOIpKHU MoKa-
3ajI, 110 YacTKa XiHOK BABiUi (69 %) Oiiplia 3a 4acTKy
BKJIIOUEHUX Y TOCTiIKeHHS 40noBiKiB (31 %). Ll TeHneH-

11is1 30epiraeThes K cepen ocid cepeanworo (47,11 £ 0,78
POKY: XiHKU — 63 %, gonoBiku — 37 %), TaK i MOXUJIOTO
Biky (67,18 * 0,81 poky: xiHku — 79,5 %, 4o/IOBiKM —
20,5 %). Bubipka miaTBepIKye 3arajbHi gemorpadidi
TEeHAEHIIii: XXiHKM TIepeBaXkaloTh, a iX YacTKa 3HA9HO 3pOC-
Tae 3 BikoM. YacTka 4oJIOBIKiB Y MOXWJIOMY Billi 3HAYHO
sHmkeHa (20,5 %), 1mo Moxe OyTH ITOB’SI3aHO 3 BUIIIOIO
CMEPTHICTIO cepell YOJIOBIKiB: BOHM MalOTh KOPOTIIY Ce-
PENHIO TPUBAIICTh XMTTS Ta CXWJIBHICTh 0 CEepleBO-CY-
IVHHUX 3aXBOPIOBaHb y OUIBII paHHbOMY Billi.

2. Bussnena BiporimHa pisHung (x> = 0,0006,
p = 0,0002) mix BiKOBUMMU TrpyIlamu, IO MiATBEPIKYE
TEHIEHIIiI0 10 Tporpecyodoro 3HmxkeHHs plIIK® y mipy
CTapiHHS: 3 BikoM BinmiueHe 3HKeHHs1 pLIIK®, 1110 cBia-

Tabnuys 5. KniHiYHa xapakTepucTUKa BKI/TIOYEHUX B AOCTIAXEHHS 0Ci6 pisHoro Biky 3 nposisamu KPMC

XapakTepuctuka Fpyna (n = 39)
Yonosiva ctatb, abc./% 11/28,20
JKiHoua cTaTb, abc./% 28/71,79
Bik, poku 59,51 + 1,59
IMT, kr/m? 30,72 + 0,68
HbA1c, % 5,88 + 0,12
G2 (60-89 mn/xs/1,73 m?), abc./% 29/74,36
G3a (30-59 mn/xe/1,73 m?), abc./% 10/25,64
CAK < 30 mr/r, a6c./% 16/41,02
CAK 30-300 wmr/r, a6c./% 20/51,28
CAK > 300 wmr/r, abc./% 3/7,69
CAT, MM pT.CT. 130,73 £ 2,92
OAT, MM pT.CT. 82,16 + 1,44
E® Benukux cyauvH, % 9,76 = 1,47
E® gpi6Hux cyauH, % 68,25 + 3,79
IHoekc Castelli: 3XC/XC NMNBLY, 3,67 =0,12
IHpekc Boizel: TI/XC JINBLL 0,86 = 0,07
SCORE-2, % 20,04 + 2,03

Mpumitkn: IMT — iHgekc macu Tina; CAK — cniBBigHOLWEeHHS anb6ymiH/kpeaTuHiH; CAT — cuctoniyHui aprepi-
anbHmii tuck; JJAT — giactoniynmii aprepianbumnii TuICK; E® — eHgoTtenianbHa ¢hyHKUis1.

Tabnuuys 6. QuHamika noKasHUKIB (hYHKLIIOHaNIbHOro cTaHy HUPOK Ta eHAOTeilo ocié pi3Horo BiKy
3 nposiBamn KPMC Ha ¢poHi 3acTtocyBaHHs Jli6epu

MNMokasHuk [o nikyBaHHs 1 micsiub nikyBaHHSA p
G2 (60—-89 mn/xB/1,73 m?), abc./% 29/74,36 31/79,49 ¥?=0,59,p=0,78
G3a (30-59 mn/xe/1,73 m?), abc./% 10/25,64 8/20,51 x?>=0,59,p=0,78
CAK < 30 mr/r, abc./% 16/41,02 25/64,09 x?=0,04,p=0,07
CAK 30-300 wmr/r, abc./% 20/51,28 14/35,90 x*=0,17,p=0,25
CAK > 300 wmr/r, abc./% 3/7,69 0 ¥?=0,07,p=0,24
pLUK®, mn/xe/1,73 m? 68,38 + 3,30 67,42 + 4,39 p > 0,05
E® Benuknx cyguH, % 9,76 + 1,47 23,86 + 4,84* p < 0,05
E® gpibHUx cyavH, % 68,25 + 3,79 95,67 + 6,12 p < 0,05

lpumitka: * — p < 0,05 nopiBHsIHO 3 0oco6amu A0 JliKYyBaHHS.
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YUTh IIPO IOCTYMNOBE IOTipIIEeHHS (DYHKIIilI HUPOK — B
oci6 cepemnporo Biky (100 %) pllIK® mepebyBae B Me-
xax kateropii G2 (60—89 mu/xB/1,73 M?), Tomi sIK y 46 %
oci6 moxuoro Biky pLLIK® 3HuxkyeThcs no kateropii G3a
(45—59 mn/xB/1,73 m?). HopmanbHa a6o Bucoka pLIIK®
(kareropisg G1, > 90 mu/xB/1,73 M?) 30epiraeTbcst JUIIE y
10 % oGcTekeHUX.

3 BiKOM He JIMIIIe BipOTiZHO 3pOCTAa€ YacTKa Oci0 3i
3HmkeHHaM pIIK® y mexax kateropii G3a (45—59 mu/
xB/1,73 M?), a i1 BiIMiYa€ThCS TEHAEHILIS 10 3HMKEHHS 10~
kasHuka pIIK® 379,73 + 1,91 mui/xB/1,73 M? y cepenHbO-
My Bili (47,28 £ 0,72 poky) no 64,01 + 2,21 mia/x8/1,73 m?
y noxusiomy Bii (67,18 & 0,49 poky).

3. Tlpu ouiHIi GYyHKIIIOHALHOTO CTaHy EHIOTENito
KPYITHUX CYIMH BUSIBJICHO, 1110 cepel 0OCTeXKEHUX Malli-
eHTiB (n = 94) 3 pisHumu kateropisimu plUK®D (G1, G2,
G3a) o3HaKM eHAoTeialbHOT IUChYHKILIT CITIOCTEepiramncs
y 54 0oci6 (57,45 %). B ocib 3 qucdyHKIE eHI0TeNiI0 Ta
sHmkeHHsIM pIIIK® y mexax kareropii G2 (60—89 wmui/
xB/1,73 m?) Ta G3a (45—59 mn/xB/1,73 M?) BimmiueHe -
ButieHHs rmokazHnka CAK 6inbire 3a 300 mr/t (x> = 0,01,
p = 0,03) mopiBHAHO 3 IpyIoI0 00CTEXKEeHUX 3i 30epexe-
HOIO (DYHKIII€I0 €HOOTEMIIO.

4. B oci0 3i 3HmxkeHum pisHem pLIIK® y mekax katero-
piit G2—G3a (45—89 mu/xB/1,73 M?) BUSIBJICHO TEHACHIIIIO
IO TTOPYIIEHHS eHI0Te iaabHOI (GYHKIIT CyIUH MiKpOLIMP-
KYJISTOPHOTO pyciia, 110 CYMPOBOIKYETHCS 30iIbIIEHHSIM
yacToTu anboyMinypii. ¥ 84 % rtakux ocib 3adikcoBaHo
IUCHYHKIIIO EHIOTEN0, TPUIOMY Y 6,25 % — 3 BUCOKUM
piBHem CAK (> 300 mr/r), Ha BiagMmiHy Bia rpynu i3 30e-
PeXeHOI0 MiKPOCYIMHHOIO (PYHKIIEIO, Y SIKiii TTOKa3HUK
CAK 0yB y Mexxax < 300 mr/r. Xoua BUSIBJIEHI BiIMiHHOCTi
cTaTUCTMYHO HeBiporinHi (x* = 0,08; p = 0,13), cocTepi-
Ta€ThCS MMOBTOPEHHS MOAIOHOI 3aKOHOMIPHOCTI 1 IS TI0-
pYLIEHb €HOOTENiI0 MariCTpaJlbHUX CyauH. BaxinBoio €
HasIBHICTh (hpeHOMEHa B3aEMOOOTSIKEHHS: Y MOHAa/ MOJIO-
BUHM nanieHTiB i3 pIIIK® 40—89 miu/xB/1,73 M? (56,25 %)
BUSIBJIEHO TTOEAHAHY TUCMYHKIIiIO €HIOTEMIIO SIK NPiOHUX,
TaK i KPYIMHUX CYAWH, IO CYMPOBOMIKYETHCS MiABUILIEHUM
piBuem CAK (y 11,11 % — > 300 mr/r). OTpuMaHi gaHi min-
KPECIIOIOTh BaXKJIUBY POJIb IMiABUIIEHHS ITokasHuka CAK
SIK TIOTEHIIiHHOTO MapKepa eHa0Te liaabHOI TMCchYHKIT Ha
PaHHIX CTaisIX 3HUXKEHHSI (hyHKIIi1 HUPOK.

5. JlomaBaHHS mieTUIHOIL mo6aBKu Jlibepa mo ctaHmapT-
Hoi Teparmii B oci6 3 KPMC mporarom 1 micsus cripusie
MHOJIMNIIEeHHIO (PYHKIIII €eHAOTEeNiI0 CyaAuH 3 TEHASHIIIE€IO 10
3pOCTaHHS YaCcTKM MALi€HTIB 3 HOpMajli30BaHUM pPiBHEM
CAK. Lle BKa3ye Ha MOTeHIiiHi Kapaio- Ta HEPPOIPOTEK-
TOpHi BiacTuBOCTI Jlibepu i1 OOIPYHTOBYE NOLIIBHICTD ii
3aCTOCYBaHHS y KOMIUIeKCHili Tepanii KPMC.

Konduaikr iHnTepeciB. ABTOpu 3asiBISIIOTH TIPO BiACYT-
HIiCTb KOH(UIIKTY iHTEpeciB Ta BiacHOI (hiHaHCOBOI 3alli-
KaBJIEHOCTI TTPY TiATOTOBIII TaHOI CTATTi.
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Endothelial dysfunction and reduced glometular filiration rate in individuals
of different age groups with signs of cardio-renal-metabolic syndrome: angio- and renoprotection pathways

Abstract. Background. Cardio-renal-metabolic syndrome
(CRMS) is a cluster of pathological conditions that combine meta-
bolic disorders, cardiovascular dysfunction, and kidney damage,
forming an interconnected system of complications. Endothelial
dysfunction plays a key role in the development and progression of
this syndrome as an early marker of vascular damage associated with
impaired vasodilation, chronic inflammation, and pro-atherogenic
changes. At the same time, a decrease in the estimated glomerular
filtration rate (eGFR) reflects not only kidney function but also the
overall risk of cardiovascular events and mortality. Given the popu-
lation aging and the increasing prevalence of CRMS among indi-
viduals of various age groups, especially middle-aged and elderly,
studying the relationship between endothelial dysfunction and re-
duced eGFR is highly relevant. Early diagnosis of these changes
may allow timely identification of individuals at high cardiorenal
risk and implementation of approaches to the prevention, early de-
tection, and treatment. The purpose was to assess kidney function
and vascular endothelial status in individuals of different age groups
with signs of CRMS and to evaluate the potential for correction of
the detected changes using Lespedeza capitata extract (Libera di-
etary supplement, Behealth LLC, Ukraine) as a potential nephro-
and angioprotective agent. Materials and methods. A total of 152
individuals of various ages were initially examined. Based on inclu-
sion criteria, 58 people were excluded for various reasons. Compre-
hensive examination was carried out in 94 individuals (mean age of
54.82 £ 0.97 years), most of them demonstrated decreased eGFR,
elevated urinary albumin-to-creatinine ratio (UACR), and impaired
endothelial function. To correct these changes, Lespedeza capitata
extract (Libera, Behealth LLC, Ukraine) was added to standard
antihypertensive therapy. The supplement was administered at a
dose of one capsule three times daily regardless of meals, for one
month, to pre-screened individuals (n = 39). Effectiveness crite-
ria included changes in eGFR, UACR, and markers of endothelial
function (flow-mediated dilation assessed by reactive hyperemia).
The observation period was one month. The examination included
standard clinical, anthropometric, laboratory, and instrumental
methods. Results. With age, a tendency toward decreased eGFR
was observed: from 79.73 £ 1.91 mL/min/1.73 m? in middle-aged
individuals (47.28 £ 0.72 years) to 64.01 = 2.21 mL/min/1.73 m?in
the elderly (67.18 £ 0.49 years). Among middle-aged people, eGFR
was within G2 category (60—89 mL/min/1.73 m?) in 100 % of
cases, while in 46 % of elderly individuals, it had decreased to G3a
category (45—59 mL/min/1.73 m?). Normal or high eGFR (Gl
category, > 90 mL/min/1.73 m?) was preserved in only 10 % of el-
derly participants. Among middle-aged individuals with a slight de-
crease in eGFR within the G2 category (60—89 mL/min/1.73 m?),
increased UACR was found in a third of the examined people, while
in the elderly, a decrease in eGFR to 40—59 mL/min/1.73 m? pre-
vails, which is considered as chronic kidney disease within the G3a
category accompanied by an increase in the UACR in 25 % of in-
dividuals. When assessing the functional state of the endothelium
of large vessels, it was found that among the examined participants
(n = 94) with different categories of eGFR (G1, G2, G3a), signs of
endothelial dysfunction were observed in 54 (57.45 %).Of these, 19
patients (35.18 %) demonstrated severe impairment characterized
by a vasospastic response to reactive hyperemia (by D.S. Celerma-
jer method), indicating impaired endothelium-dependent vaso-

dilation. Among individuals with endothelial dysfunction in large
vessels, 70.4 % (n = 38) had UACR < 30 mg/g, 29.6 % (n = 16)
had increased UACR: 10 people — at the level of 30—300 mg/g,
and 6 people had UACR > 300 mg/g. At the same time, among in-
dividuals with preserved endothelial function, 65 % (n = 26) had
UACR < 30 mg/g, 14 individuals had UACR of 30—300 mg/g, and
none had UACR > 300 mg/g. Thus, UACR > 300 mg/g was recor-
ded exclusively among patients with endothelial dysfunction (5 peo-
ple, 9.2 %), showing a statistically significant difference (%> = 0.01;
p =0.03). Among individuals with eGFR reduced within categories
G2 (60—89 mL/min/1.73 m?) and G3a (45—59 mL/min/1.73 m?),
there was a decrease in microvascular endothelial function in
84 %. Among them, UACR < 30 mg/g was observed in 50.00 %,
30—300 mg/g — in 43.75 %, and > 300 mg/g — in 6.25 %. In par-
ticipants with preserved microvascular endothelial function (16 %),
the distribution was 33.3 % (< 30 mg/g) and 66.7 % (30—300 mg/g),
with no individuals having UACR > 300 mg/g. Though this trend
was not statistically significant (3> = 0.08, p = 0.13), it mirrored the
association of UACR > 300 mg/g with large-vessel endothelial dys-
function. Importantly, a mutual burden phenomenon was observed
in individuals with eGFR 45—89 mL/min/1.73 m?, with 56.25 %
having combined large- and small-vessel endothelial dysfunction.
Among them, 44.44 % had UACR of 30—300 mg/g and 11.11 %
had UACR > 300 mg/g. The absence of UACR > 300 mg/g among
patients with preserved endothelial function in both middle-aged
and elderly groups confirms a strong association between signifi-
cant albuminuria and endothelial dysfunction. UACR > 300 mg/g
may indicate severe vascular wall damage and systemic endothe-
lial dysfunction. To correct the detected changes, 39 individuals of
various ages with manifestations of CRMS were prescribed Libera
(Behealth LLC, Ukraine) in addition to standard antihypertensive
therapy. After one month of treatment, all patients showed an in-
crease in flow-mediated dilation, indicating restored endothelial
function in both large and microcirculatory vessels. Restoration
of endothelial function was accompanied by a stable trend toward
increased proportion of people with UACR < 30 mg/g (x*> = 0.04,
p = 0.07), suggesting improved kidney function with Libera (Be-
health LLC, Ukraine) supplementation. This effect is likely due to
the proven nephroprotective action of Lespedeza capitata extract,
making it a promising agent for the prevention and treatment of
chronic kidney disease. Conclusions. Individuals of different age
groups with CRMS demonstrated a mutual burden phenomenon:
more than half of patients with eGFR of 45—89 mL/min/1.73 m?
(56.25 %) had both macro- and microvascular endothelial dys-
function, often accompanied by elevated UACR (> 300 mg/g in
11.11 %). These findings highlight the importance of UACR as a
potential early marker of endothelial dysfunction during the initial
stages of renal function decline. Elevated UACR may reflect exis-
ting endothelial injury, while low or moderate levels (UACR < 30
or 30—300 mg/g) may still be observed in patients with preserved
endothelial function. For nephro- and angioprotection in individu-
als with CRMS, the addition of Lespedeza capitata (Libera dietary
supplement, Behealth LLC, Ukraine) to standard antihypertensive
therapy is advisable.

Keywords: cardio-renal-metabolic syndrome; chronic kidney
disease; endothelial function; Lespedeza capitata; nephroprotec-
tion; angioprotection
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OcobAunsocTi Kopekuii Aediuuty BitamiHy D
Y NAUIEHTIB i3 AiI06eTUYHOIO XBOPOOOIO HUPOK:
POAb BITOMIH-D-3B’A3yto4oro 6iAka

PesiomMe. AKTyaQAbHICTb. AKTYQABHICTb MPOBAEMU YDQKEHHST HUPOK M LykpoBOMY aiaGerti (LLA) ro-
ASIFQE Y MPOrPECYYMX TEMIMQAX 3POCTAHHS KIAbKOCTI NALIEHTIB LLIOPOKY. KiCTKOBO-MIHEPAABHI PO3ACAN Y
TAKWX MALIEHTIB 3yCTPIYAKOTLCS 3 BUCOKOK YQCTOTOK TA BUMAratoTh PAHHBOI AIQrHOCTUKM TQ CBOEYQACHOT
Kkopekuii, Metaboniam BITAMIHY D 3QAEXNTb Bip HU3KN GAKTOPIB, 30KPEMAQ Bia PIBHSI TOQHCMIOPTHMX BIAKIB
KPOBI, TAKKX $sIK BITAMIH-D-38s13yto4mn 6inok (BA3B). OCTAHHIM 4OQCOM AEAQAI BIABLLIQ YBATrA MPOUAIASIETb-
cs1 BA3b sik npu4mHi KIiCTKOBO-MIHEPAAbHUX PO3AQAIB | iX MATOreHETUYHOMY 3B SI3KY 3 YO QXKEHHSIM HUPOK
y oci6 i3 LA 2-ro tuny. Mera: ouiH1T OCOBAMBOCTI HOCHOPHO-KAABLIEBOrO OOGMIHY B MALIIEHTIB i3 AlQ6e-
TUYHOKO XBOPOOOKO HUPOK i POAb piBHST BA3B y Kopekuii aeiumnty BitamiHy D. Marepiaan Ta metoan. Y
rnepLLUOMy eTarli AOCAIAXKEHHS B3SIAM yHQCTb 84 0CO6M 3 LA 2-ro tuny i3 XpOHIHHWMN XBOPOOaMM HUPOK -l
CTQAIN, PO3MNOAINEHI HQ TOW rPYIM 3riAHO 3 PO3PAXYHKOBOKO LLUBUAKICTIO KAY6OYKOBOI pinbToALil (PLLIK®D),
y sIkuxX 6YAQ MPOBEAEHQ OLIIHKQ BUXIAHMX MOKA3HUKIB POCHOPHO-KAAbLIEBOro OOMIHY. Ha Apyromy eTtarii
AOCAIAKEHHS] OLIIHKOBAAMCSI PE3YALTATU KOPEKLUIi Aediumnty BiTamiHy D y 32 oci6 npuv AMHAOMIYHOMY Cro-
CTEPEXEHHI MICASI MPMAOMY MPEnapPATy XOAEKAAbLLIMGEPOAY MPOTSIrOM TPbOX MicsiLiB. Pe3yAbTtaTtn. Me-
AlQHQ MoKa3HMKIB BiTamiHy D(250H) BiAMOBIAQAQ PIBHIO ASQILIMTY HE3AAEXKHO Bia PiBHS PLLK®D, npudomy
HQUHMKYE 3HQYEHHST OYAO Y TPEThOI rpyriv nAuieHTIB — 13 (8,48—16,4) Hr/MA, LLO BIAPI3HSIAOCS Bip MEAIQHM
MoKQAsHWKIB nepLwoi (16,38 (13,88-19,83) Hr/MA) Ta Apyroi rpyn (18 (12,8-20,74) Hr/MA), p < 0,05. AHQAI3 rmo-
Ka3HuKka BA3B y cupoBQTLi KPOBI 3QAEXKAB BiA PLLIK®: HaviHmKYmyi criocTepirascs y neptuoi royn — 93,6
(68,17-109,67) Hr/MA i 36GiAbLLYBABCS BIAMOBIAHO 3i 3HVKEeHHsIM PLLIK®: 101,07 (75,34-132,84) Hr/MA — APY-
ra rpoyna, 132,82 (97,3-168,8) Hr/mMA — TRETSI, MPUYOMY rnepLLq i APYra CyTTeBO BiAPI3HSIAMCS (P < 0,01).
OuiHKQ epeKkTMBHOCTI NpoBeAeHOI KopeKLil AeiumTy BITAMIHY D B O6CTEXEHMX BUSIBUAQCST KPQLLOK Y
MNQLUiEHTIB i3 HKYMM piBHeM BA3E kposi. Tak, piseHb BASE 6yB BipOraHO BALLMM Y MIAMRYMNI NQLIEHTIB, SIKi
HE AOCSITAM ONTUMQAALHOIO PIBHS BiTamiHy D (25(OH)D) yepes tpu micsui (31 %), MOPIBHSIHO 3 TUMM, Y KOro
piBeHb 25(OH)D aocsirHyB > 30 Hr/MA. BUCHOBKUN. BA3E € BOXKAVIBUM PQKTOPOM Y MPOLIECAX METABOAIBMY
BiTQMIHY D, M0ro piBeHb noTpibHO BOAXOBYBATH MPW KOPEKLI KICTKOBO-MIHEPAABHUX PO3ACAIB Y NMALIEHTIB
i3 pAlQ6eTnyHOK XBOPOOOK HUPOK. Bia3HQYQETLCS niaBULLIEHHST PiBHST BA3B CUpOBATKIM KPOBI 3 MpOorpecy-
BQHHSIM XPOHIYHOI XBOPOOM HUPOK HO GOHI LIA 2-ro tmnny. EpeKkTmBHICTb AiKyBAHHST 3AAEXXNTL Bia PiBHS BA3H
CUPOBATKM KPOBI' Yy TAKMX NALIEHTIB. Y pQ3i MiABULLIEHHST PiBHST BA3B CUPOBATKM KPOBI € (pEKTMBHICTb AIKYBAH-
HST HUPKHQ, MIMOBIPHO, Yepe3 3MEHLLEHHST 6i0AOCTYMHOCTI BIAbHOIO BITAMIHY D TQ 1i0ro akTneHy KOHBEPCIKO,
ockKinbku aktvsH 1,25(0OH) D nocuaeHo 38 a3yeTbcs i3 BA3B.

KAIO4OBI CAOBQ: LA 2-r0 Ty, XPOHIYHQ XBOPO6A HUPOK; KICTKOBO-MIHEPAAbHI PO3ACAM; BITAMIH-D-
3B s13yt0o4my GIAOK; BITAMIH D

© «Hupkm» / «Kidneys» (Pocki), 2025

© Bupaseub 3acnascokmit 0.10. / Publisher Zaslavsky 0.Yu., 2025

[lina KopecnoHpeHuii: €poxoBuy Biktopia MukonaigHa, acnipaHT, acucTeHT Kadeapy eHgokpuonorii, HauioanbHuit Meauunmii yhisepcuter imeni 0.0. boromonbus, bynbBap T. LeBuenka, 13,
M. Kuig, 01601, YkpaiHa; e-mail: korinna.viktoriaer@gmail.com; Ten.: 438 (050) 682-65-82

For correspondence: Viktoriia Yerokhovych, PhD-student, Assistant Professor at the Department of Endocrinology, Bogomolets National Medical University, T. Shevchenko Boulevard, 13, Kyiv, 01601,
Ukraine; e-mail: korinna.viktoriaer@gmail.com; phone: 438 (050) 682-65-82

Full list of authors information is available at the end of the article.

Tom 14, N2 2, 2025 www.mif-ua.com, http://kidneys.zaslavsky.com.ua 23



OpuwuriHaabHi ctarti / Original Articles

Bctyn

Cepen yCKJIagHEHb TIPM XPOHIYHIM XBOpPOOI HMPOK
(XXH) cuHapoMm KiCTKOBO-MiHEpaJbHUX PO3JTaaiB BU-
SIBJISIETHCS 3 BUCOKOIO YacTOTOIO Ta MOCWJIIOETHCS i3 TTPO-
rpecyBaHHSIM HMPKOBOI HemocTaTHOCTi. He3Baxaiounm Ha
MOIIMPEHICTh CYYacHUX JOCHIIXKEeHb, y SIKMX BUBYAIOTH
MaTOTeHETUYHI MeXaHi3M1 HUPKOBOI ocTeoaucTpodii, Ha
KaJlb, YCKJIAMHEHHS 3 00KY KiCTKOBO-MiHEpaJIbHUX PO3JIa-
IiB 3aJIMIIAIOTHCS OMHIEIO 3i CKIIAMHUX TIPO0IeM Y BeIeH-
Hi manienTta 3 XXH [1]. Po6oyoro rpynoto NKF K/DOQI
(Kidney Disease Outcomes Quality Initiative, 2003) nipu-
MHITO LJIBOBI PiBHI MOKAa3HUKIB Kajbllili-(pochopHoro
o0MiHy BinmoBigHo mo ctaaiit XXH, a ki1acudikauiro Mi-
HepaJbHUX i KicTKOBUX nopylueHb npu XXH 3anpomnoHo-
BaHo opraHizauieio KDIGO (Kidney Disease Improving
Global Outcomes, 2009). CroronHi € Y4uMaso 10CIiIXKeHb,
SIKi CBiT4aTh, 1110 iHBepCHUI cTatyc BiTamiHy D nepeBaxae
y Nali€eHTIB i3 yKpoBum aiadberom (L) abo XXH [2]. [To-
IMpeHicTh nedinuty BitTaminy D 3pocTae i3 mporpecyBaH-
HaM XXH i HabmkaeTbest 10 80 % y mallieHTiB i3 5-1o cTa-
nmiero XXH [3]. 3a manHuMu gociimkeHb, ne(iluT BiTaMiHy
D takox OyB moB’s13aHUIA 3i 3HAYHOIO MOIIMPEHICTIO CTa-
HiB, 110 € CKJIaIHMKAMU KapAiOpeHOMETa0O0JIiYHOIO CUH-
npoMy, a came LI, oxupiHHS, MeTabOJiYHOTO CUHIPOMY,
aTepOCKJIEPOTUYHUX CEPLIEBO-CYTMHHUX 3aXBOPIOBAHb, Ti-
neproHii [4—7]. Jediuut BitamiHy D Mae Baromuii BIuius,
30KpeMa, Ha TJKeMiYHUI Tpodiab, IO MOSICHIOETHCS
MPUTHIYEHHSIM CEeKpellil iHCYJIiHy OeTa-KJIITUHAMU OCTpPiB-
LB MiAIUTYHKOBOI 3aJ1031 Ta CYIPOBOIXKYETHCS TTOTAaHUM
KOHTPOJIEM TJIiKeMii Ta pO3BUTKOM MiKpO- Ta MaKpOaHTio-
natiit y nauienTis i3 LI 2-ro tuny [8]. Binxunenus Bin 1i-
JIbOBUX PiBHIB mapatupeoimHoro ropmoHa (I1TT), kanbiiro
Ta ¢ocdopy TICHO KOPETIOIOTh 3i 3pOCTaAHHSIM CMEPTHOC-
Ti nauieHTiB HedposoriuHoro npodinto [9]. MMopyieHHs
¢dochop-KanablieBoro 0OMiHy Ha ITOYaTKOBMX eTarax IIpu
3HUKEHHI HUPKOBMX (DYHKILiN peaizyloThCs yepes3 Imopy-
1IeHHs MeTaboismy BiTamiHy D, a posb B3b sik TpaH-
CMOPTHOTO MPOTEIHY KPOBi Ma€ BaxJIMBE 3HAYEHHS 1€ i
SIK paHHiil MapkKep ypaxeHHs: Hupok [10]. Baxkiuse 3Ha-
YeHHST Ma€ BUBYEHHS poJii BiTaMiHy D y maroreHeTuuHUX
MeXaHi3Max pi3HUX €HIOKPUHHMX 3aXBOPIOBaHb, 30KpeMa
niabeTuaHoi xBopoou HUpok (JAXH). OctanHim yacom ne-
nani 6inblua yBara npuninsierbes posi BA3b Ta ix marore-
HETUYHOMY 3B’SI3Ky 3 ypaxkeHHsIM HUpok [11]. OmHieo 3
OCHOBHUX MPUYUH, SIKi TPU3BOASTH JI0 TilepnapaTupeosy,
€ nediunT akTMBHOI popmu BiTaminy D, — Kaabuurpiony,
1110 TTPU3BOAUTH 10 3MEHIIIEHHS BCMOKTYBAaHHS KaJIblIilo ¥
TOHKOMY KUIIIEUHUKY Ta peadcopOllii B HUpKax i, BiaIo-
BimHO, 10 rinmokaibuiemii [12]. Huzbkuii piBeHb KaJbly-
TPiOJIy Ta TiMOKAIbIIEMIiSI € TOTY>KHUMU CTUMYJISITOPAMU
cekpeuii [ITI. BukopucranHus npenapatiB BiTamiHy D €
MaTOTeHETUYHO OOIPYHTOBAaHUM METOIOM KOPEKIIii riro-
KaJIblieMil Ta BTOPMHHOTO TrineprapaTupeosy. [cHye Hu3Ka
eKCIMEePUMEHTAIbHUX i KJIIHIYHUX JOCIiIXKEeHb MepeBaXXHO
11010 IBOX MeTaboJIiTiB BiTaMiHy D — Kanbuurpiony Ta
anbdakanpuumoay. Kampumrpion e(@eKTUBHIIIMIA IIOd0
nocuIeHHs abcopO11ii Kanbllito Ta pocdopy. [IpoTe mobdiu-
HUM e(eKTOM KaJIbIIUTPiOJy € ITOIMOJIeHHS rinepdocda-
Temii [13]. CphorogHi He iCHYE OOHOCTAiHOI TYMKHU IIIOJI0

e(eKTUBHUX CXeM JIiKyBaHHS ITOpYyIIeHb (hocHOPHO-Kab-
1ieBoro ooOMiHy y xBopux Ha XXH, 1110 3yMOBIIIO€ aKTyaslb-
HIiCTb BUBYEHHSI L€l TPOOIEMM.

MeTta po00oTH: OLiHUTY 0COOIMBOCTI (POCHOPHO-KaIIb-
1ieBoro oomiHy y mauieHTiB i3 JIXH ta ponb piBast BI3b
TpY MPOBEACHHI Kopekilii AedinuTy BiTaminy D.

Marepiaau Ta metoamn

JocnimkeHHs OyJIo IPOBEISHO y IBa €Talll y BilIiIeH-
Hi 3arajJbHOI €HIOKPMHHOI maTosorii KuiBcbKoro Mich-
KOr0 €HIOKPUHOJOTIYHOTO ILIEHTPY. YCi €TUYHi acleKTu
Oy BpaXxoBaHi BiAMOBIAHO A0 MPUHLMIIIB [eabciHChKOI
nexnapaitii [14]. Tlepen yyacTio y JochimkeHHi Bci marti-
€HTHU Tianucanu GopMy iHpopMoBaHOI 3roau. Y mepiio-
My eTari JOC/iKeHHS B3suiu ydacTb 84 ocobu 3 LI 2-ro
ity 3 XXH I-III crazgiii. Ipynu Oynu po3noniseHi 3rim-
HO 3 PO3PaxXyHKOBOIO IIBUJIKICTIO KJTYOOUKOBOT (ijibTpaliil
(pILIK®) (rrepmra rpyma > 90 mi/x8/1,73 M2, npyra — 90—
60 mi/xB/1,73 M2, Tpetst — 60—30 mu/xB/1,73 m?). Ha npy-
TOMY eTalli OIiHIOBAIMCS Pe3yIbTaTh KOPEKIlii piBHS BiTa-
Miny D y 32 ocib i3 BusBiaeHUM iioro medinuroMm Ha GoHi
MPUIOMY XOJIeKaabIU(pepOoIy MPOTITOM TPHOX MICSIIiB. Y
IoCTimKeHHs BKItoueHi rmauieHTy 3 JIXH nHa i L 2-ro
TUITY y CTaHi cyokoMmneHcalii. Kpurepii BUKITIOUeHHS: BiK
1o 18 pokiB, BiiMOBa MallieHTa Bill y4acTi, y4acThb B iHILIOMY
TOCJiIKEeHHI, HasBHICTb AiabeTy 1-ro TUIy, BariTHicTh a00
Jlaktauis. JlogaTkoBo BUKIIIOYAIM MAaUi€HTIB i3 MEpBUH-
HUM Tineprnaparupeo3om, HepeKTOMi€0 B aHaMHEe31, OH-
KOJIOTIYHMMM 3aXBOPIOBAaHHSIMM, TOCTPOIO HUPKOBOIO ab0
CEPLIEBOIO MATOJIOTIEIO.

KonopumerpuyHumM MeTOaOM BH3HAYald KpeaTUHIiH
KpOBi Ta mOOOBOI cedi, Kaublliil 3araJpHuil i ¢ocdop y
kpoBi. plIIIK® pospaxoByBanu 3a ¢opmyiaoio CKD-EPI
(Chronic Kidney Disease Epidemiology Collaboration) 3
ypaxyBaHHSIM PiBHSI KpeaTHHiIHY B CUpOBAaTL KpoBi. Bu-
3HauaJy CHiBBiAHOIIeHHS anbOymiH/kKpeaTuHiH (CAK)
y no0oBiii ceui. PiBeHb ajbOyMiHypii BUMiploBaIu imMy-
HOTYpOiTMMETPUYHUM METOAOM. I[JIiKOBaHMIA TreMorjo-
6iH (HbAlc) Bu3Hayaam MeTOOOM BUCOKOE(MEKTUBHOI
pinuHHOI XxpomaTtorpadii. ImMyHodbepMeHTHUIT aHali3
(ELISA) BukopuctoByBaBcs mis ouinku BJI3b, Bitaminy
D(250H), IITT.

CTraTuCTUYHUI aHaJi3 TPOBOAWIM 3a JIOTOMOTOIO
mmporpamHoro 3ade3neueHHs SPSS (Bepcist 23, IBM Corp.,
Armonk, NY, USA). HopmanbHicTh po3mominiB Oe3me-
pPepBHUX 3MiHHUX OLIIHIOBaJIM 3a JOIOMOTIOI0 KPUTEPilo
Manipo — Vinka. Jlani Oyiu HaBedeHi SIK cepeaHe 3i
CTaHIAapTHUM BigxuieHHsM (cepenHe = SD) abo K mei-
aHa 3 mepuuM i Tpetim KBapTuiasimu (MeniaHa (Q1—Q3)).
IMopiBHSIHHS /15 ABOX MOB’A3aHMUX BUOIPOK IMPOBOAUIIN 32
JIOTIOMOTOI0 BUKOpUCTaHHS Kputepito CThloJeHTa y BU-
NnajKy HOpMaJibHOTO po3mnonity; T-kputepio Binkokco-
Ha — TIpU PO3IMOAiTi, BIIMiHHOMY Big HOpMasibHOTO. 7151
IUCIIEPCIfHOTo aHaJi3y 3acTocoByBanm Kputepiii ledde
abo Kpackena — BoJsutica 3 peTpoCNeKTUBHUM TECTOM
JlaHHa 3alleXXHO Bim posmomity maHux. KopemsmiiiHuit
aHaJji3 MPOBOAWIN 3a JOIMoMOroio Koediuienra Cripme-
Ha. CTaTUCTUYHO 3HAYYIIMMM BBaXKaJIW BiIMiHHOCTI IIpU
p <0,05.
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PesyAbTaTH

AHaJi3 MoKa3HUKIB KaJblliii-hochopHOro 0OMiHy BU-
SIBUB HU3KY BiIMiHHOCTEU Bil HOPMaJIbHUX 3HAY€Hb Bi-
taminy D(250H), xanbiiito, ¢dochopy KpoBi, y yacTUHU
00CTexXeHUX OyB BMSIBIICHUII BTOPUHHUIA TirepriapaTupe-
03. Meniana nokasHukiB BitamiHy D(250H) Binnosinana
piBHIO medinuTy HesanexxHo Bin piBHS plIIK®, mpuaomy
HaWHIDKYe 3HAYEeHHS 0YJI0 y TPEThOI IPpyIHN MMalli€eHTiB — 13
(8,48—16,4) Hr/mu1, 10 BiIpi3HsUIOCS Bil MediaHW TTOKa3-
HUKiB reproi (16,38 (13,88—19,83) Hr/Mi) Ta Apyroi rpyn
(18 (12,8—20,74) ur/mn), p < 0,05.

3a HalmMu pe3ybTaTaMM, CIlocTepirajacs TeHASHIis
0 PO3BUTKY TiMOKaJIbIiEMii B 00CTEeXXEeHUX 0Ci0 (BUXimHi
piBHi 3arajibHOro Kanibllito Oyau: 2,28 + 0,08 MMomb/1,
2,11 £ 0,11 mmonb/n, 2,02 £ 0,18 MMOJIb/JT BiANIOBIAHO Y
Mepiiiit, Apyriii i Tpetiit rpymax, p = 0,067). Takox Bin-
3Havajocs 30iIblIeHHsT piBHS (ocdopy B KpoBi y Mipy
nporpecyBaHHsl 3HKeHHs pLLIK®: 1,24 + 0,8 MMoub/1,
1,46 + 0,61 mmoub/m, 1,52 + 0,31 MMOJIb/J BiIMOBITHO Y
mepIiid, apyriii i Tperiit rpymnax, p = 0,101. Xoua pi3HU-
i MiX TpyrnaMy y TOKa3HMKax KaJbllilo i hochopy Kpo-
Bi He Maju CTaTHUCTUYHOI 3HAYYIIOCTIi, JaHi BKa3ylOTh Ha
MOXJIMBE IMOPYIIEHHs Kalbliii-(hochOopHOro 0OMiHy IIpU
MporpecyBaHHi HUPKOBOI HEIOCTATHOCTI, 110 BiAIIOBiTae
JaHUM JliTepaTypy Mpo 3MiHM MiHEpaJbHOIo OajaHCy Ha
pizHux cragisx XXH [15]. Cnin BindgHauuTH, 110 4yacTka
MAlli€EHTIB i3 TIMOKAJbILIIEMIEIO Yy APYTiii TPyMi CTaHOBMWJIA
11 %, y tperiit — 18,3 %. I'inepdocdaTtemiss Bu3Havamacs y
9,1 % BumaakiBy Tpetiii rpymitay 3,7 % — y apyriit. Takox
mattiedTy 3 pLIK® 60—30 mu/xB/1,73 M? Manu HaitBU-
Iy aKTUBHICTh MapalIuTONOAIOHNX 3aJ103 32 TTOKa3HUKOM
ITT — 75,56 (50,82; 112,89) mir/mu1, SIKWiA BipOTiTHO Bil-
pi3HsBC Bif 3Ha4eHb y nepuiii (52,75 (40; 68,03) mr/mi)
i mpyriit rpymi (54,70 (43,59; 85,27) mr/mi), p < 0,05.

Pisenp BJ/I3B y cupoBaTili KpoBi HAHWXKUMIL y Tep-
moi rpyma — 93,6 (68,17—109,67) Hr/mi i 36inbIryBaB-
cs BianoBigHO a0 3HxeHHst pLUIK®: 101,07 (75,34—
132,84) ur/ma — npyrarpyma, 132,82 (97,3—168,8) Hr/mia —
TPETS, IPUYOMY TIepIiia i Apyra rpynu CyTTEBO Bipi3HSIN-
cs1 (p <0,01).

IMokazunku CAK mo0GoBoi ceui, K i CHPOBAaTKOBUIA
B/I3b, TakoxX MmimBUINYBaauCs BiAIIOBIZHO IO IIpOTrpe-
CyBaHHSI HUPKOBOi HemoctaTHOCTi: 3 (3; 3,6) Mr/MMonb
y nepuiiii rpymi, 3 (3; 4,2) Mr/MModb y apyriii i 5,25 (1,3;
59,8) mr/mmonb y Tpetiii, p = 0,852. Tpuanictb miabety
CTaTUCTUYHO 3HAYMMO Bipi3HsIacs y MeplIoi Ta Tpe-
ThOI rpym (6 (5; 13) mpotu 13,5 (9; 23) pokiB BiAmoBinHO,
p < 0,05. Takox nmokasHuku HbAlc, o6Boay Tanii (OT),
ingekcy macu tina (IMT) cyTTeBo He Bipi3HsLIMCS 3a Ipy-
Mamu.

BuBuaroun pons BIA3bB y mopyiieHHi Kamblliii-doc-
¢opHoro ooMmiHy B mamieHTiB i3 JIXH, Mmu BusSBUIM 11o3u-
TUBHMI KOpEJSIIiAHUI 3B’S130K Y MEPILiil TPyITi MalieHTiB
Mix B/I3b cupoBatku kposi Ta CAK mo060oBoi ceui (koedi-
uient CripMena r = 0,46, Ha piBHi 3HaunmocTi p = 0,04),
1110 BKa3y€e Ha IoTeHuiiiHy poab BA3b sk panHboro mMap-
Kepa ypaxkeHHs HMpOK. BuxinHi maHi nmaiieHTiB HaBeaeHi
y Tabm. 1.

Cepen 00CTeXXeHMX MalLli€EHTIB criocTepiranocs 5,26 %
BUMAAKiB ONTUMaJbHOrO piBHS BitamMiHy D(250H),
24,81 % HemocTaTHBOTO piBHA Ta 69,93 % nedimuty, sIKi
noTpedyBaiy KOpeKlil moka3HuKka. JIjasi BUBYEHHST poOJi
B/13b y kopekuii nediunty BitamiHy D Oyna obpaHa rpymna
nauieHTiB (n = 32), y skux OyB BUSIBJIeHUH AeDillUT BiTa-
MiHy D. INaiientam OyJsio nmpu3HauYeHO XoJyieKaablndeposn
y mo3yBanHi 4000 O/l mpoTsroM TPHOX MICSIIiB TOOATKOBO
IO CTAHIAPTHOI Tepallii OCHOBHOTO 3axBoproBaHHs. Ilo-
PIBHSIJIBHUIA aHaJTi3 TOKA3HMKIB Kabliii-pocdopHoro 0o-

Ta6bnuys 1. XapakTepuctmka o6CcTeXxeHnX nayieHTiB

Meplwia rpyna Opyra rpyna TpeTta rpyna
Moka3Hukun pLUK® > 90 mn/xs/ pLUK® = 90-60 mn/xs/ pLUK® 60-30 mn/xs/ p

1,73 m? (n = 23) 1,73 M2 (n = 27) 1,73 M2 (n = 34)
Bik (poku) 62,74 + 8,7123 64,59 + 8,06 65,26 + 7,16 0,490
(TFE’(;"KBV‘IB‘)”iCTb piacerty 6 (5; 13)° 10 (5; 11) 13,5 (9; 23)! <0,05
IMT (kr/m2) 31,89 + 6,51 30,37 £ 5,42 30,76 + 4,38 0,591
OT (cm) 104,2 + 12,25 99,7 + 13,77 100,4 + 12,65 0,423
pLLUK® (mn/xs/1,73 M?) 94,15 (93; 101,7)>3 78,9 (72,6; 83,3)"3 51,4 (33,8; 56,1)"2 < 0,01
Bitamit D(250H) (Hr/mn) | 16,38 (13,88—19,83) 18 (12,8-20,74) 13,59 (8,48-16,4)"2 <0,05
ATE (nr/mn) 52,75 (40; 68,03)° 54,70 (43,59; 85,27)° 75,56 (50,82; 112,89)"2 | < 0,05
:(N"I"I:A“O’ﬁf};)ara”b””“’ 2,28 + 0,08 2,11+0,11 2,02+0,18 0,067
®ochop (MMOnbL/) 1,24 + 0,80 1,46 + 0,61 1,52 + 0,31 0,101
BO3B (Hr/mn) 93,6 (68,17-109,67)2 101,07 (75,34-132,84) 132,82 (97,3-168,8)' < 0,01
CAK (Mr/mMmornb) 3(3; 3,6) 3(3;4,2) 5,25 (1,3; 59,8) 0,852
HbA1c (%) 9,29 + 2,27 8,75 + 2,07 9,05 + 2,00 0,665

Mpumitkn: 23 — pisHULS1 3 NepLLIOIO, APYror0, TPETLOI rpynamMu cTaTUCTUYHO BiporigHa, p < 0,05; HbA1c — rni-

KOBaHWUU remMorsiobiH.
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MiHy B IMHaMilli Ha TJIi KopekKlii BiTaMiHy D 1okasaB 1o-
3UTHBHI 3MiHU IE€SIKUX MTOKA3HUKIB.

3a pesyabTataMu, Ticas npuiiomy BitamiHy D Bipo-
rigAHO piBeHb 3arajibHOTO KaJIblil0 B KPOBi ITiJBHUILyBaB-
cs Bim 2,148 + 0,11 mo 2,32 = 0,16 mMonb/m1, a dhochop
3HMXKyBaBest Bin 1,38 + 0,13 no 1,32 = 0,12 Mmonb/i,
p < 0,001. Bitamin D(250H) y cepeaHboMy TiBUIIyBaB-
cs 3 12,14 + 3,99 mo 34,53 + 6,17 Hr/Mu 3a TpU Micsii,
p <0,001. LlikaBo, mo piBeras B/I3b 0yB BiporimHo BUIIIM
y IATPYIli NAL€EHTIB, SIKi HE JOCSTIN ONITUMAIbHOTO PiBHS
Bitaminy D (25(OH)D) uepe3 tpu micsi (31 %), mopiBHS-
HO 3 TUMHU, Y Koro piBeHb 25(OH)D nocsruys > 30 Hr/mi.
30Kpema, y MalieHTiB i3 HeTOCTaTHBOIO BiAIIOBIAII0 Ha TE-
parito xosnekanbldeposom cepenHiit piseHb BA3b cta-
HoBuB 274,7 £ 160,9 Hr/mi1, TOAI SIK Y MALIEHTIB, SIKi TOCS-
[JIM LIJIbOBMX 3HAaYeHb BitaMiHy D, — 127,2 + 41,87 Hr/ma
(p=10,0306).

Takox y auHaMmili BUSIBJIEHO BipOTiJHY pPi3HUIIIO B
nokazHukax IMT mo i micasi mpuitomy Bitaminy D —
30,13 + 4,69 kr/m? Ta 29,86 + 4,66 xr/M?, p = 0,005. Ta-
KOX OTpUMAJIM BipOTiAHY Pi3HUII0 MiX MOKa3HUKaMU
OT: mo mpuitomy BitamiHy D y maiieHTiB (ikcyBazocs
99,91 + 12,99 cwm, micna — 99,34 + 12,97 cm, p = 0,012.
Xoya oTpMMaHi IaHi ITOKa3yloTh BipoTiaHe, aje BiTHOCHO
HesHauHe 3HXeHHs IMT ta OT, e Moxe CBiTYUTH TIPO
MOTEHUiHUI BIUIMB BiTamiHy D Ha XupoBuii i Byrjie-
BOJHMI OOMiH, 30KpeMa 4epe3 MiABUILEHHS KOMIUIAEH-
Cy Tali€HTIB YHACIiIOK JMHAMIYHOIO CIIOCTEPEXEHHS I
aKTHMBHOI y4JacTi y JochimkeHHi. TakoxX BUSIBIEHO Bipo-
rimHe 3HKeHHs piBHs [T mo kopekuii BitamiHoM D —
74,93 (56,97; 93,78) nir/mn, micast — 64,5 (50; 79) nir/mi
(p < 0,001). Pesynpratm OUHAMIYHOIO CIIOCTEPEKECHHSI
Haj J1a00opaTOPHUMHU MMOKA3HUKAMU Yy Talli€HTIiB HaBeAeHi
y 10 2.

O6roBopeHHs

OTpuMaHi pe3yJIbTaTy CBiIuaTh PO Te, IO i3 mporpe-
cyBaHHsIM XXH i 3Hmxenusm plIIK® criocrepiratotbest
3Hauyllli 3MiHM y MOKa3HUKax MeTabosizMmy BiTamiHy D
Ta MiHepajJbHOro oOMiHy. Pe3ynbratu HOCHiIKEHHS 1O-
3BOJISIFOTh TIPUITYCTUTH, 1110 30iblieHHs piBHS BI3b €
HaCJIiIKOM MMOBIpHOTO KOMIIEHCATOPHOTO 30iIbIIEHHS

cuHTe3y B/I3B ne4iHKo y BiiMOBIiAb Ha TiMOKaIbLIiEMIIO
i nedbinmT BiTaminy D SIK TpaHCTIOPTHOTO MPOTETHY Y MPO-
Lecax Merabousizmy BiTamiHy D. Lleil mexaHi3m cripsgmo-
BaHMIi1 HA MiATPUMKY IEBHOTO OajaHCy y TOMEOCTaTUYHI
cucTeMi Kasbliiii-pochopHoro oomiHy. Hari pesynasratu
rokasajau TEeHJIEHIiI0 10 MiIBUIIEHHsS CHUPOBATKOBOTO
piBas B/3b y mamienTis 3i 3HmkeHnM pLIIK®. Bussie-
Hi TIMMOKaJIBIIEMIiS Ta MiABUIIECHHS PiBHS ITapaTrOPMOHY
crioctepiraiucs B 000X rpyrnax o0CTeXeHUX, 110 MOXHa
PO3LIHUTU K MOYATKOBI 3MiHM MiHepaJIbHO-KiCTKOBUX
po3iamiB.

Takox migBuieHHs B/3b y ceui MmoxHa posrisimatu
SIK paHHil MapKep TyOY/J10iHTepCTULiaJIbHOIO 3allaJbHOIO
npoiiecy Ta $HiGpo3HOTO YIIKOMKEHHSI HUPOK, SIKi PO3BU-
BaroThest nipu JIXH [16]. CydacHi gocimkeHHsT BKa3yloTh,
mo Btpara BII3b i3 ceueto Moxke BUKOPUCTOBYBATUCS SIK
MOKA3HMK JJIsI TTPOTHO3YBAHHSI MOIIKOIKEHHSI HUPKOBUX
KaHaJIbIliB y Oci0 i3 pusukom miadery [17, 18]. ¥ mocii-
mxeHHi Haoshuang Chen Ta iH. BkaszyeTbcst, o BJI3b ceui
MO>Ha BUKOPHCTOBYBATH SIK HOBUI MapKep IJIsi paHHBOI
JIarHOCTUKM, a TaKOX s ouiHku Tskkocti JAXH [19].
Hani 3 BuBueHHs1 B/I3b y cupoBartiii KpoBi 00OMeKeHi B JIi-
TepaTypi, 1110 CTBOPIOE LIUPOKE TOJIE AJIS TIOUIYKY HOBUX
acolliaTUBHUX 3B’S3KiB i TOCIIKEHHSI POJIi y MaToreHesi
HUPKOBUX ypaxkeHb ripu L.

EdexrtuBHicTh NikyBaHHS AediuuTy Bitaminy D Binpis-
Hsiacs y mauieHTiB 3anexxHo Bin piBast BI3b. Tak, kpari
pe3ynbTaTu Kopekiiii nediuuty Bitaminy D BigzHauanu-
csl y mauieHTiB i3 BuximHuM Hukuum pisHeM BJI3B. Tip-
Iy KOpeKIito BiTaMiHy D y muHaMilli mpu ImiaBUIIECHOMY
piBHi B/I3b MoOXHa MOSICHUTH MOXJIMBUM 3MEHIIEHHSIM
biomocTymHOCTI BiabHOTO Bitaminy D. Bimomo, 1o BiTta-
MiH Y KpOBi IUPKYJIOE€ IEePeBaXKHO y 3B’s3aHiil popMi 3
BA3b (~ 85-90 %) ta anpbyminom (~10—15 %), i nuie
<1 % 3HaxomuThCs Y BUIBHOMY, 0iOJOriYHO AKTUBHOMY
crani. [Ipu Bucoxkomy piBHi BJI3b Ginbliia yacTuHa BiTa-
MiHy D 3B’SI3y€ThCS, 1110 3MEHIIYE MOro AOCTYMHICTb JJIs
kiaiTuH-MimeHe#t [20]. TakoxX € gaHi, 110 y TMalli€HTIB i3
HUPKOBUMM MMOPYIIEHHSIMHU MOXe 3poctaTu piBeHb BI3B,
1110 JOIATKOBO YCKJIAHIOE 3aCBOEHHS BiTaMiHy D Ta iioro
aKTUBHY KOHBEPCIl0, OCKiIbkM akTuBHMiA 1,25(0OH),D no-
cwieHo 3B’s3yeThes i3 BA3b6 [21].

Ta6bnuys 2. JuHamika KniHiko-nabopaTtopHuX NoKasHUKIB Ha T/i slikyBaHHs geqiynty sitaminy D

lMoka3Hukun BuxigHi aaHi A G 'LZ?'Z?%:'L?;::Y D 4000 OA P

Bitamin D(250H) (Hr/mn) 12,14 = 3,99 34,53 + 6,17 < 0,001
IMT (kr/m2) 30,13 + 4,69 29,86 + 4,66 0,005
CAK (Mr/mmonb) 4 (3,45; 4,7) 2,5(2; 3,7) < 0,001
pLLUK® (mn/xB/1,73 M?) 59,58 + 15,65 59,76 + 15,93 0,152
HbA1c (%) 7,94 + 0,98 7,85 + 0,90 0,181

OT (cm) 99,91 + 12,99 99,34 + 12,97 0,012
MATr (nr/mn) 74,93 (56,97; 93,78) 64,5 (50; 79) < 0,001
Kanbuin 3aranbHui (MMonb/n) 2,148 = 0,11 2,32 +0,16 < 0,001
®docdpop (MMonb/n) 1,38 + 0,13 1,32 +0,12 < 0,001
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BucHOBKMU

B/JI3b sk ckiamoBa yacTWHA y Tpoiiecax MeTabosizMy
BiTaMiny D Bimirpae Kito4oBy poJib SIK TPAaHCIIOPTHUM Oi-
JIOK, a 1oro piBeHb MOTPiOHO BpaxoBYBaTH TPU KOPEKILil
KiCTKOBO-MiHEpaJIbHUX po3iaaiB y naiieHTiB i3 JAIXH. 3mi-
Hu piBHs BJI3bB cupoBatku KpoBi, WMOBIpHO, 3ajiexaTb
BiI 10r0 KOMIIEHCATOPHOI'O CHMHTE3y IEUYiHKOIO y pa3si Ti-
nokanblieMii Ta medinuty Bitaminy D. [IpoBeaene mocii-
IKEHHSI TT0Ka3aj0, 110 Bil3HAYAETHCS MiABUIICHHS PiBHS
B35 i3 mporpecyBanHsm XXH Ha ¢oni LI 2-ro Tumy.

Pesynbratu pociimKkeHHsI AEMOHCTPYIOTh, 110 e(heK-
TUBHICTb JIIKYBaHHS 3ajiexkuTh Bia piBHs B/A3b cupoBart-
KM KpOBi y Takux TaiieHTiB. Kpaia kopekuis nediuuty
BitaMiHy D Bin3HauaeTbcsl i3 HMxK4YuM piBHeM BI3B. ¥V
pasi migBuieHHs piBHs1 B/I3Bb cupoBaTku KpoBi edek-
TUBHICTh JIIKyBaHHSI HUX4Ya, IMOBipHO, Yepe3 3MEHIIEH-
Hs1 6i0IOCTYITHOCTI BiJIbHOTO BiTamiHy D Ta iioro akTuBHYy
KOHBEPCilo, ocKinbku aktuBHuii 1,25(0OH),D mocuneno
3B’s13y€eThes i3 BJI3b.

KonduikT iHTepeciB. ABropu 3asBIsIIOTH PO BiACYT-
HiCcTh KOHMJIIKTY iHTepeciB Ta BjlacHOI (hiHaHCOBOI 3alli-
KaBJICHOCTI IPU MiArOTOBII JaHOI CTATTi.

Buecok aBTopiB. €poxosuu B.M. — momyk Ta 006-
poOKa crewiajJbHOl JITepaTypu 3a TEMOK, OOCTEXEHHS
MauieHTiB, y4yacTb y J1abOpaTOPHUX HOCIHIIXKEHHSX, 30ip
iHdopMalliii, craTucTUYHa 00pOoOKa, HAMUCAHHS TEKCTY
crarti; Kapnenko O.B. — nuzaitH mocniimkeHHs1, 30ip Ta
aHauti3 indopmallii, 00CTeXXEHHs XBOPUX, HalTMCAHHSI TEeK-
cry crarti; InbkiB €.1. — moyk Ta 06pobKa crieiiaibHO1
JIiTepaTypu 3a TEMOIO, y4acTh Y Ta00OPATOPHUX TOCTiIKEH-
HsX, 30ip iHdopMmallii, HarmMcaHHs TeKCTy cTaTTi; [lamien-
ko I.A. — aHani3 maHux, o6podKa creliaabHOI JiTepaTypu
3a TeMOlI0, HamucaHHs TeKcTy crarTi; Kpaciok 1.B. — 36ip
Ta aHajii3 iHdopmallii, HamucaHHsI TeKcTy cTaTTi; Koou-
Jsk H.M. — cratuctTuyHa o0po0OKa, MiAroToBKa PyKOIUCY
no apyky; Kowmicapenko FO.I. — koHuentyamizauist, a1u-
3aiiH JOCTIKeHHSs1, aHalli3 iHdopMmallii, miAroToBKa pyko-
nYcy 10 myOosiKartii.
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Features of correction of vitamin D deficiency in patients with diabetic kidney disease:
the role of vitamin D-binding protein

Abstract. Background. The relevance of the problem of kidney
damage in diabetes mellitus (DM) lies in the annual progressive
growth in the number of affected people. Bone mineral disorders
occur with high frequency in such patients and require early di-
agnosis and timely correction. Vitamin D metabolism depends on
some factors, including the level of blood transport proteins, such as
vitamin D-binding protein (VDBP). Recently, increasing attention
has been paid to the role of VDBP among the causes of bone min-
eral disorders and their pathogenetic relationship with kidney dam-
age in people with type 2 DM. The purpose of the work is to assess
the features of phosphorus-calcium metabolism in patients with
diabetic kidney disease and the role of VDBP level in the correction
of vitamin D deficiency. Materials and methods. In the first stage
of the study, 84 people with type 2 DM and chronic kidney disease
stages [—I11I participated, they were divided into 3 groups according
to the estimated glomerular filtration rate (¢GFR), and underwent
assessment of baseline indicators of phosphorus-calcium metabo-
lism. In the second stage, the results of the vitamin D deficiency
correction were evaluated in 32 people during dynamic observation
after taking cholecalciferol for 3 months. Results. The median vi-
tamin D (250H) values corresponded to the level of deficiency re-
gardless of the eGFR, with the lowest value in group 3 — 13 (8.48—
16.4) ng/ml, which differed from the median indicators of groups

1 (16.38 (13.88—19.83) ng/ml) and 2 (18 (12.8—20.74) ng/ml),
p < 0.05. Analysis of the serum VDBP depended on eGFR: the
lowest level was observed in group 1 — 93.6 (68.17—109.67) ng/ml
and increased in accordance with a decrease in eGFR: 101.07
(75.34—132.84) ng/ml in group 2, 132.82 (97.3—168.8) ng/ml
in group 3, with significant difference between groups 1 and 2
(p <0.01). The effectiveness of the vitamin D deficiency correction
appeared to be better in patients with lower blood level of VDBP.
Thus, it was significantly higher in the subgroup of patients who
did not reach the optimal content of vitamin D (25(OH)D) after 3
months (31 %) compared to those who reached 25(OH)D > 30 ng/ml.
Conclusions. VDBP is an important factor in the processes of vi-
tamin D metabolism, its level should be taken into account when
correcting bone and mineral disorders in patients with diabetic kid-
ney disease. The study showed that there is an increase in the serum
VDBP with the progression of chronic kidney disease on the back-
ground of type 2 DM. The effectiveness of treatment depends on
the blood level of VDBP in such patients. In case of serum VDBP
increase, the effectiveness of treatment is lower, probably due to
reduced bioavailability of free vitamin D and its active conversion
since active 1,25(OH),D binds more strongly to VDBP.
Keywords: type 2 diabetes mellitus; chronic kidney disease; bone
and mineral disorders; vitamin D-binding protein; vitamin D
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GC-MS assay of hexane and ethanol extracts
of spirulina algae and detecting their antibacterial
activity against uropathogenic S.aureus and E.coli

Abstract. Background. This study aims to assess the antimicrobial activity of spirulina hexane and ethanol
extracts. The fask is fo discover standardized analytical methods for isolating original bioactive compounds
from algae for fighting harmful bacteria such as E.coli and Staphylococcus aureus that cause urinary tract
infections. Materials and methods. The study included the collection and preparation of spirulina algae
from Nasiriyah, Iraq. The algae were cleaned, dried, and minced info powder. Twenty grams of the dried
powder were mixed with 200 ml of ethanol and hexane solvents and subjected fo ulfrasonic extraction. The
extracts were filtered and stored in sterile conditions. Antimicrobial activity was evaluated using varying
concentrations (25, 50, 75, and 100 mg/ml) against bacterial strains Staphylococcus aureus and E.coli by
the Kirby-Bauer disk diffusion method. Results. The ethanol extract showed the highest inhibitory effect
against E.coli, with a zone of inhibition measuring 20.00 + 2.00 mm at 100 mg/ml. It also showed inhibifory
effect against S.qureus, with a zone of inhibition measuring 15.60 + 1.51 mm at 100 mg/ml. The hexane
extract showed significant activity against E.coli, with an inhibition zone of 17.60 + 1.15 mm at 100 mg/mi,
and exhibited inhibifory effect against S.aureus, with a zone of inhibition measuring 14.80 + 1.30 mm at
100 mg/ml. Then the activity decreased for both extracts with a reduction in concentration. Comparative
analysis demonstfrated that both extracts oufperformed several tested antibiotics in terms of efficiency
against the respective bacterial strains. Conclusions. The findings indicate that algae exfracts have
significant antimicrobial properties, making them potential alternatives to conservative antibiotics in
treating urinary tract infections. The study highlights the importance of these extracts in emerging specific
preparations from algae for antimicrobial applications, contributing to the field of alternative medicine.
Keywords: spirulina algae; hexane, ethanol; E.coli; S.aureus; DMSO,; GC-MC

Introduction

In recent years, there has been a growing tendency in
using algae extracts to treat various illnesses. This is predo-
minantly due to the rise in resistance of pathogenic bacte-
ria, which pose a significant health anxiety for individuals in
both developed and developing countries [1]. The presence
of this resistance presents a significant danger to the com-
fort of individuals, irrespective of their residence in either
industrial or developing nations. To counter these disorders,
a variety of antibacterial agents are employed. However, the
consistent and unselective long-term use of these medica-
tions has led to damaging adverse effects for individuals [2].
In addition, presently available synthetic medicines do not
inhibit the action of certain pathogens. The use of synthetic

chemicals for the control of pathogenic microorganisms,
and the treatment is imperfect because of their potential
oncogenic effect, acute toxicity and potential hazard to the
environment. In this respect, use of extract for the control
and suppression of resistant pathogenic microorganisms can
be of great advantage in the fight against many diseases [3].
Algae-derived chemicals possess characteristic pharmaco-
logical characteristics, including cost-effectiveness, reduced
toxicity, reduced side effects, and a lower probability of re-
sistance development [4].

Algae primarily need three major components for growth
counting sunlight, water, and carbon source [5]. They ob-
tain nutrients from the aquatic habitats, absorb sunlight,
capture CO, from the air, and produce about 50 % of the at-
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mospheric oxygen, algae own an efficient biological system
capable of utilizing sunlight for the production of organic
compounds [6].

The algae are commercially used as human nutrition,
animal and aquatic feed, in cosmetics products, pigments,
bio-fertilizer for removing high-value molecules, stable iso-
tope bio-chemicals, and for the synthesis of antimicrobial
drugs [7]. Algae species are capable of producing different
kinds of antioxidant, enzyme polymer, peptide carotenoid,
lipid, natural dye, polyunsaturated fatty acid, toxin and ste-
rols [8]. Some of the high-value bioactive compounds pro-
duced by algae are acetylic acids, B-carotene agars, agarose,
keto-carotenoid astaxanthin, alginates, polyunsaturated
fatty acids carrageenan’s, vitamin B, and lutein that can us-
ing in synthesis of antimicrobial, antiviral, antibacterial and
anticancer drugs [6]. The chemical composition of algae in-
cludes lipid at 20—30 %, protein around (50 %), carbohydrate
(20—30 %) and other compounds account for approximately
(5 %), the market value depends on the concentration and
amount of the vital amino acids, polysaccharides, polyunsa-
turated fatty acid and amount of essential vitamins, also, the
value depends upon the application, or what is the purpose
of the using of algae and compared to similar other sources of
this product [9]. A number of dry algal products are used for
feed and food, pharmaceuticals and aquaculture [10].

Spirulina is one of the greatest well-known microalgae
genera. Spirulina spp. is a filamentous cyanobacterium,
multicellular. Sprulina spp. is live in fresh water and have
bioactive compounds similar protein, vitamins, pigments,
long chain polyunsaturated fatty acids, sterols and other
compounds that make these microalgae very stimulating
from the health benefits point of view [11]. The name Spiru-
lina was based on its spiral shaped. However, linear shaped
arthrospira microalgae have been identified, spirulina is
commonly called blue green algae cyanobacteria [12]. Spi-
rulina is well known in credited to their rich medical and
nutritional values as antioxidant, antimicrobial and anti-
cancer compounds. Further, it contains many nutrients and
vitamins like vitamin C, iron, calcium, potassium, etc., and
several carotenoids such as carotenes, xanthophylls, and
chlorophyll A. It is used in burn infection, anti-oxidant,
and anti-microbial drugs [13, 14]. The United Nations says
about spirulina algae (the world’s savior from hunger) be-
cause it contains important nutrients for malnutrition and
complements the lack of vitamins and proteins in the body.
Spirulina spp. has drawn more care because it shows a high
nutritional content characterized by a 70% protein content
and by the presence of minerals, vitamins, amino acids, es-
sential fatty acids etc. [15]. Many studies of algal extract
have been established its significant anti-inflammatory, an-
tioxidant, and antimicrobial activity [16].

Spirulina is identified to produce a wide range of secon-
dary metabolites with various biological actions and produce
intracellular and extracellular metabolites with diverse bio-
logical activities such as antifungal, antiviral, and antibacte-
rial activities due to the increase in drug-resistant bacteria,
there is a requirement for standardized contemporary ana-
Iytical methods to separate novel bioactive chemicals from
algae. Compounds obtained from algae have the possible to

offer a new and groundbreaking method for fighting harm-
ful microorganisms. This study investigates the antibacterial
properties of algae-derived compounds, including their po-
tential styles of action and chemical properties.

Materials and methods
Study design
1. Preparation of hexane and ethanol extracts.
2. Identification of bioactive compounds by GC-MS.
3. Preparation of stock solution by adding 10 ml from
DMSO solvent to 1 g from extract.
4. Preparation of all extract concentrations.
5. Isolation of pathogenic bacteria from UTI patients.
6. Bacterial test to antibiotics susceptibility.
7. Evaluation of antibacterial activity of algal extract.

Collection and classification of study stations

The algal specimens used in this study were obtained
from Nasiriyah, located in the Thi-Qar Province in south-
ern Iraq, province for the period from October to February,
2023—2024. Specifically, spirulina algae were collected. Dr.
Roaa Jafar Khudhayer, a professor at the University of Thi-
Qar, College of Science, identified the algae. The impurities
were completely removed from them, and they were trans-
formed into a fine powder using an electric mill. After that,
they were kept in sterile glass bottles until they were ready to
be used [17].

Preparation of algal extract, hexane
and ethanol exiract

The chemical components were qualitatively screened
by subjecting a mixture of 20 grams of algal powder and 200
milliliters of hexane for hexane extract, as well as 200 millili-
ters of ethanol for ethanol extract, to an ultrasonic bath. The
resulting solution was filtered using multiple layers of What-
man (0.22) filter paper and then concentrated at 50 °C un-
der reduced pressure using a rotary evaporator. Afterwards,
it was subjected to a drying procedure at a temperature of
25 °C. The extract was ultimately gathered in sterilized glass
tubes that are now prepared for utilization [18]. Preparation
concentration to obtain different concentrations, we dilute
the stock solution (100 %) with DMSO dissolving solution
as in Table 1.

Table 1. Preparation concentration in this study

Concentration | Extract (ml) | Solvent DMSO (ml)

75 750 250
50 500 500
25 250 750

GC-MS analysis of extracts

Gas chromatography-mass spectrometry (GC-MS)
conditions the GC-MS examination was performed using
the GCMS-QP2010 plus instrument (Shimadzu, Kyoto,
Japan), equipped with an auto injector and a 5 ms capil-
lary column of 30 x 0.25 mm with a film thickness of
0.25 um. The carrier gas used is helium, with a flow rate of
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1.15 ml/min. The 70 eV ionized charge system was used to
do mass spectroscopic scanning. The temperature was ini-
tially set at 80 °C for 2 minutes and then increased progres-
sively at a pace of 10 °C per minute until it reached 280 °C
for 5 minutes. The samples that were injected were exposed
to excruciating mode at a temperature of 250 °C. Two files
contain mass spectral data. The National Institute of Stan-
dards and Technology (NIST14) and Wiley 10*"/NIST 2014
mass spectral library (W10N14) was utilized to characterize
the isolated components grounded on them.

Therapeutic effect of the extract

To accurately evaluate the therapeutic effects of algae
extracts, it is necessary to distinguish between the biologi-
cally active compounds derived from the algae and any po-
tential effects of the alcohol used in the extraction process
by the following steps:

1. After the extraction process, the alcohol is evaporated
from the extract by drying it. It is spread in special open con-
tainers and exposed to air at a suitable temperature. It is en-
sured that all the alcohol used has evaporated, leaving only
the extract and collecting in special tubes.

2. Minimum inhibitory concentration (MIC) tests. Per-
formed MIC tests using both the algal extract and the alco-
hol control to compare their effects on bacterial growth. A
significant difference in MIC values would suggest that the
algal extract contains active antibacterial compounds inde-
pendent of the alcohol.

3. Performed investigated the mechanism of action of
the algal extract on bacterial cells (e.g., disruption of cell
membranes, inhibition of cell wall synthesis) to confirm that
the observed effects are due to algal components rather than
the solvent.

4. Utilize techniques such as GC-MS to analyze the
composition of the algal extract. This analysis can identify
bioactive compounds and their concentrations, allowing
correlation with antibacterial activity.

5. Control experiment. Solvent control. Used the same
concentration of alcohol as in the extraction but without the
algal material. This control helps determine if the alcohol
alone exhibits antibacterial properties.

After these steps, it was confirmed that the antibacterial
effect was caused by the algae extract and not the alcoholic
solvent.

Culturing of samples and antibiotic susceptfibility
Bacterial cultures of E.coli and S.aureus were main-
tained at 4 °C in Brain Heart Infusion agar (BHIA) with
glycerol and subculture on blood and MacConkey and then
on Mueller Hinton agar were used disc diffusion methods to
determine the sensitivity of isolates to antibiotics [19].

Antimicrobial activity of algal extracts against
bacteria

The researchers working the Kirby-Bauer disk diffusion
susceptibility test to measure the sensitivity and resistance of
algal extracts to bacteria healthier from UTI patients [20].
To achieve this, they consistently distributed 100 puL of the
bacterial inoculum obtained from an 18—24 hour broth cul-

ture onto the surface of Mueller Hinton agar media plates.
Subsequently, the researchers placed antibiotic discs on the
inoculated plates, followed by the algal extract at concentra-
tions of 25, 50, 75, and 100 mg/ml. Also, several antibiotics
were examined in this investigation. The plates were placed
in an incubator at a temperature of 37 °C for a period of
18—24 hours, following a chilling period of 2 hours at 4 °C.
The inhibitory zones on each plate were then unhurried in
terms of their diameter.

Analytical profile index

To identify the isolated bacteria, a fully automated sys-
tem called VITEK, which performs bacterial identification
and antibiotic susceptibility testing, was used.

Statistical analysis

The data was analyzed by using SPSS (Statistical Pack-
age of Socio Science) by using one-way ANOVA for varia-
tion and LSD at p-value < 0.05 [21].

Results
GC-MS

The GC-MS analysis of hexane and ethanol extracts
showed the presence of bioactive chemicals. GC-MS
analysis of chemical compounds in hexane extract of spi-
rulina algae, shows 15 compounds. The hexadecenoic acid,
methyl ester (C H,0,) compound is the most abundant
with 81.92 % of the total area, while the cyclohexanespi-
ro-5-(2,4,4-trimethyl-2-oxazoline) compound is the least
area with 0.01 % (Table 2). Whereas the GC-MS analysis of
chemical compounds in the ethanolic extract of spirulina
algae, showed 10 compounds. The 9-octadecenoic acid,
(2)-,2,3-dihydroxypropyl ester (C, H,O,) compound is
the most abundant with 68.48 % of the total area, while the
propanoic acid, anhydride compound is the least area with
0.05 % (Table 3).

Antibiotic susceptibility test

The results were read by observing the inhibiting zones
formed by the disk and explained that the bacteria, sensitive,
media, or resistant according to standard specifications. the
result for E.coli shows in Table 4, Fig. 1, S.aureus in Table 5,
Fig. 2.

Activity of spirulina ethanol extract
with different concentrations against E.coli
and S.aureus

The present study was investigated a significant diffe-
rence at p-value < 0.05, in the activity of spirulina ethanol
extract according to extract concentration, was showed
the high activity of spirulina ethanol against both E.coli
and S.aureus in 100% concentrations, then the activity de-
creased with decrease concentration. In the other hand, the
study showed a non-significant difference between E.coli
and S.aureusin 25% concentration, while the other concen-
tration the activity increased against E.coli compared with
S.aureus, furthermore the study noted a non-significant dif-
ference between concentration of 75 and 50 % against both
E.coli and S.aureus and as in Table 6.
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Table 2. Chemical compounds in the hexane extract of spirulina

Seq R. time Area, % Common name Formula
1 2.038 0.05 Decane, 2,2,3-trimethyl- C,,H,
2 4.279 0.04 Dimethylsulfoxonium formylmethylide C,H,0,S
3 9.188 0.02 5H-tetrazole-5-thione, 1-[2-(dimethylamino)ethyl]-1,2-dihydro- C,H,,N.S
4 14.928 0.54 Octadecane, 1-chloro- C,H,.Cl
5 15.821 0.07 2(4H)-benzofuranone, 5,6,7,7a-tetrahydro-4,4,7a-trimethyl- C,H,.0,
6 16.247 0.35 Hexadecane C,H,,
7 17.582 0.04 Tetracosane, 2,6,10,15,19,23-hexamethyl- C,H.,
8 20.790 81.92 Hexadecanoic acid, ethyl ester C,H..0,
9 20.873 0.44 n-hexadecanoic acid C,H.,0,
10 22.108 0.96 Phytol C,H,.0
11 22.500 0.22 Methyl 4,7,10,13,16-docosapentaenoate C,,H,.0,
12 22.625 0.39 2(1H)-benzocyclooctenone, decahydro-10a-methyl-, trans- C,,H,,0
13 22.625 14.62 9,12-octadecadienoic acid (Z,Z)- C,H.,0,
14 22.850 0.33 trans-2-undecen-1-ol C,,H,,0
15 22.975 0.01 Cyclohexanespiro-5’-(2’,4’,4’-trimethyl-2’-oxazoline) C,,H,NO
Total 100
Table 3. Chemical compounds in the ethanol extract of spirulina
Seq R. time Area, % Common name Formula
1 16.221 0.05 Propanoic acid, anhydride CH,,0,
2 16.333 0.08 Ethylformanilide C,H,,NO
3 17.487 15.3 Heptadecane C,H,,
4 18.482 2.97 Benzenamine C,H,,NO
5 19.133 0.13 Hexanedinitrile CH.N,
6 19.133 8.99 Hexadecanoic acid C,H,,0,
7 22.132 0.45 1-pentene CH,,
8 22.697 68.48 9-octadecenoic acid (Z)-, 2,3-dihydroxypropyl ester C,H,0,
9 22.826 2.68 Pentadecanoic acid, 14-bromo- C,H,BrO,
10 23.383 0.87 1-pentyn-3-ol CH,0
Total 100

Table 4. Antibiotic susceptibility of E.coli against

Table 5. Antibiotic susceptibility of S.aureus against

p-value < 0.001
LSD =2.21

different antibiotics
Antibiotics Inr:rig;i: r; zso[?e,
Imipenem 24.60 = 1.52
Meropenem 22.10+£1.00
Amikacin 16.60 + 1.52
Levofloxacin 2.33+0.57
Ciprofloxacin 3.33+0.57
Gentamycin 14.00 + 2.64
Azithromycin 5.42 + 0.57

different antibiotics
Antibiotics In?'i:;i;ir? '; zs°61e’
Imipenem 16.31
Meropenem 12.66
Amikacin 2.1
Levofloxacin 9.33
Ciprofloxacin 1.24
Gentamycin 2.13
Azithromycin 10.4
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Activity of spirulina hexane extract with different
concentrations against E.coli and S.aureus

The present study was showed a significant difference
at p-value < 0.05, in the activity of spirulina hexane extract
according to extract concentration, was showed the high ac-
tivity of spirulina hexane against both F.coli and S.aureus in
100% concentrations, then the activity decreased with de-
crease concentration. In the other hand, the study showed
a non-significant difference between FE.coli and S.aureus in
50% concentration, while the other concentration the ac-
tivity increased against E.coli compared with S.aureus, fur-
thermore the study noted a non-significant difference be-
tween concentration of 75 and 50 % against both E.coli and
S.aureus as in Table 7.

Discussion

It is well known that if a chemical has antimicrobial ac-
tivity, this indicates its ability to kill and inhibit the growth
of bacteria and other microorganisms. Recently, bacterial
resistance to currently available antibiotics has increased.
According to the World Health Organization, antimicrobial
resistance is one of the top ten global threats to public health
facing humanity [22]. Therefore, finding new antibacterial
chemicals as alternatives to existing drugs has become ex-
tremely important [23].

The diversity of secondary receptors found in algae
makes them attractive candidates, as many of these me-
tabolites exhibit antibacterial effects [24]. These metabolites
can inhibit the metabolic activity of microbes and damage

Table 6. Activity of spirulina ethanol extract with different concentrations against
E.coli and S.aureus (mean = SD)

Concentration E.coli S.aureus p-value
25 % 11.40 +£ 0.89 10.00 + 1.22 0.073
50 % 15.20 + 2.68 10.80 + 0.83 < 0.01
75 % 16.00 + 2.00 11.80 + 0.83 < 0.01
100 % 20.00 + 2.00 15.60 + 1.51 <0.01
p-value < 0.01 < 0.01
LSD 2.65 1.51

Activity of Spirulina Ethanol
against Staphylococcus aureus

Activity of Spirulina
Ethanol against E. Coli

Figure 1. Activity of spirulina ethanol extract with different concentrations against S

.aureus (A) and E.coli (B) ]

Table 7. Activity of spirulina hexane extract with different concentrations against E.coli and S.aureus

(mean £ SD)
Concentration E.coli S.aureus p-value
25 % 1240+ 1.14 9.20 £ 0.83 <0.01
50 % 14.20 +1.78 12.00 + 1.41 0.065
75 % 16.80 + 1.78 13.00 + 1.00 < 0.01
100 % 17.60 + 1.15 14.80 £ 1.30 0.014
p-value <0.01 <0.01
LSD 2.10 1.54
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their membranes and cell walls. According to the results,
spirulina algae has antibacterial effects against some of the
bacteria that were tested. This study was showed the highly
activity of ethanol and hexane extracts from spirulina algae
against both E.coli and S.aureus in 100% concentrations
then the activity decreased for both with decrease concen-
tration. The high activity of spirulina ethanol extract F.coli
(20.00 = 2.00) in 100 mg/ml concentration, then against
S.aureus (15.60 £ 1.51 mm) in 100 mg/ml concentration.
While the high active of spirulina hexane extract FE.coli
(17.60 = 1.15 mm) in 100 mg/ml concentration, then against
S.aureus (14.8 £ 1.30 mm) in 100 mg/ml concentration.
The ethanol extract showed highly activity against F.coli
and S.aureus at all concentrations, but with less activity than
the 100% concentration. The activity of the ethanol ex-
tract against E.coli reached 11.40 £ 0.89, 15.20 + 2.68, and
16.00 £ 2.00 in concentrations 25, 50, and 75, respectively.
The activity of the ethanol extract against S.aureus reached
10.00 + 1.22, 10.80 + 0.83, and 11.80 *+ 0.83 in concen-
trations 25, 50, and 75, respectively. On the other hand,
the hexane extract showed clear activity against E.coli and
S.aureus at all concentrations, but with less activity than the
ethanol extract. The activity of the hexane extract against
E.colireached 12.40 £ 1.14, 14.20 £ 1.78, and 16.80 &+ 1.78
in concentrations 25, 50, and 75, respectively. The activity
of the hexane extract against S.aureus reached 9.20 * 0.83,
12.00 = 1.41, and 13.00 £ 1.00 in concentrations 25, 50,
and 75, respectively. The effectiveness of the spirulina algae
can be attributed to its content of active compounds such
as hexadecanoic acid methyl ester has antioxidant, hypo-
cholesterolemic, nematicide, pesticide, antiandrogenic fla-
vor, hemolytic, alpha reductase inhibitor [25]. In addition,
9-octadecenoic acid (z)-, 2,3-dihydroxypropyl ester has
(antibacterial, anticandidal, anti-inflammatory, hypocho-
lesterolemia, cancer preventive, hepatoprotective, nemati-
cide, insecticide, antihistaminic, antiarthritic, ant coronary,
antieczemic, antiacne, 5-alpha reductase inhibitor and an-
tiandrogenic activities) [26, 27].

Activity of Spirulina hexane
against Staphylococcus aureus

Furthermore, this current study’s identification of octa-
decenoic acid (oleic acid) in spirulina extract is corrobora-
ted by the prior work of Al-Khafaji and Al-Saedi [28], where
they found that octadecenoic acid is one of the active com-
pounds present in spirulina extract. Stabile et al. [29] also
noted in their study that since oleic acid is the most abun-
dant among the fatty acids of spirulina extract, it is likely
responsible for the antibacterial activity.

Conclusions

Given the numerous side effects associated with most
antibiotics employed in the medical profession, our current
study aimed to investigate the effects of ethanol and hexane
extracts of spirulina algae on pathogenic bacteria that cause
UTI, demonstrating superior inhibition compared to some
medicines. The ethanol and hexane extracts exhibit antimi-
crobial properties due to their chemical composition, which
includes compounds such as hexadecanoic acid, ethyl ester,
9,12-octadecadienoic acid (z,z),9-octadecenoic acid (z)-,
2,3-dihydroxypropyl ester, heptadecane pentadecanoic
acid, 14-bromo, positioning them as potential alternative
medicinal treatments.

Staphylococcus aureus is not considered the primary
cause of uncomplicated urinary tract infections, but rather
a secondary cause. However, it is involved in complicated
cases, especially in patients suffering from urinary tract ob-
struction, catheterization, and immunodeficiency. Its pres-
ence associated with compromised host factors (patients
with structural abnormalities of the urinary tract, prolonged
catheter use, or those undergoing urologic procedures),
polymicrobial infections (in complicated UTIs, S.aureus
may co-occur with other pathogens, complicating the
clinical picture), increased morbidity (infections caused by
S.aureus in the urinary tract can lead to more severe clinical
outcomes, necessitating more aggressive treatment strate-
gies), and especially since my thesis samples were collected
from patients hospitalized for long periods and suffering
from chronic urinary tract infections, who took medications

Figure 2. Activity of spirulina hexane extract with different concentrations against S.aureus (A) and E.coli (B)
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for long periods and who used urinary catheters. Therefore,
we find that Staphylococcus aureus bacteria are one of the
causes of urinary tract infections in our samples, in addition
to many other types of bacteria and fungi, especially Can-
dida albicans. Highlighting these aspects in my thesis would
provide a clearer understanding of when S.aureus might be a
concern in UTIs. This clarification can help guide clinicians
in their diagnostic and therapeutic approaches.

Practical relevance. The current study identified natu-
ral compounds from algae with both ant-bacteria properties,
it can be applied in the medical field.

Research limitations. No limitation in this study.

Prospects for further research. Applying the current
extract to other types of bacteria and extracting other com-
pounds from the same algae and proving their effectiveness.
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X-MC reKCaHOBMX T €TOHOAbHUX €KCTPAKTIB BOAOPOCTEN CMIPYAIHU 3 BUSBAEHHSIM I XHbOT AHTUGAKTEPIAAbHOT
CGKTUBHOCTI NPOTU yponaTtoreHHux S.aureus 1a E.coli

Pe3iome. AkryasnbHicTh. MeToI0 LBOTO DOCHIIKEHHS € OLiHKa
AHTUMIKpPOOHOI aKTUBHOCTI TeKCAaHOBUX Ta €TAHOJIHHUX E€KCTpa-
KTiB CHipyJiHU. 3aBIaHHSIM € TOIIYK CTaHIAapTU30BaHUX aHa-
JIITUYHUX METOMIB JUISI BUJAUIEHHS OpUTiHAJbHUX Oi0J0TiYHO
aKTUBHUX CITOJIYK i3 BOJOpOCTEl UIsT 6OpOTHOM 3i MIKiITMBUMU
OakTtepisimu, ssK-otT E.coli Ta Staphylococcus aureus, 0 BUKJIUKA-
10Th iHGeKIIiT ceyoBUBinHUX mutsixis. MaTepiaau Ta MeToau. 1o-
CJIIXKEHHST BKJIIOYAJIO 30ip Ta MiATOTOBKY BOAOPOCTEM CITipy/liHU
3 M. Hacipis (Ipak). Bogopocti Oyiu ouuiiieHi, BUCYIIIEHi Ta IMO-
NIpiOHEHi B MOpOIIOK. JIBaglATh TPaMiB CyXOTrO MOPOIIKY 3MiIlIy-
Bayi 3 200 MJI eTaHOIY Ta FeKCAaHOBUX PO3YMHHUKIB i TiamaBaiu
yJABTPa3BYKOBiii eKCTpakiiii. OTpuMaHi eKCTpaKTH (iIbTPYyBaI Ta
30epiraju B CTEpUJIbHUX yMOBaX. AHTUMIKPOOHY aKTUBHICTb OLLi-
HIOBAJIM 3a Pi3HUX KOHIIeHTpattiit (25, 50, 75 Ta 100 mMr/min) ipotu
OakTepiasibHUX WTaMiB Staphylococcus aureus ta E.coli meTonom
nuckoBoi nudysii Kip6i — bayepa. Pesyabratu. EtaHonbHUit
€KCTPAKT ITPOJAEMOHCTPYBAB HAaBUILIM iHTi0YI0UMit eheKT IpoTh
E.coli, i3 3on010 ipurHiveHHs 20,00 + 2,00 MM ITpy1 KOHLIEHTpALii
100 mr/mi. Takok BiH MaB iHTiOyIoUy [it0 IPOTH S.aureus, i3 30-

Holo npurHiyeHHs 15,60 £ 1,51 MM nipu KoxHueHTpariii 100 Mr/mit.
[ekcaHOBUIT €KCTPaKT TPOJEMOHCTPYBaB 3HAYHY aKTUBHICTb
npotu E.coli, i3 30H010 npurHivenHs 17,60 = 1,15 MM npu KoH-
neHtpauii 100 Mr/mJi1, a TakoX iHTiOyrounii edekT potu S.aureus,
i3 30oHO010 TipurHiveHHs1 14,80 = 1,30 MM TIpu KOHIEHTpallii
100 mr/ma. Tlpu 3MeHIIEHHI KOHIIEHTpaIlii aKTWUBHICTh 000X
eKCTpaKTiB 3HIMKYyBasach. [1OpiBHSIBHUII aHali3 IOKa3aB, IO
00MBa eKCTPaKTU MEPEeBULLYBATU KilbKa MPOTECTOBAHUX aHTU-
010TUKiB 111010 €(HheKTUBHOCTI IMPOTH BiATMOBIAHUX OaKTepiaIbHUX
mraMiB. BUCHOBKH. OTpuMaHi pe3yyibTaTi CBiquaTh Mpo Te, 110
€KCTpaKTU BOAOPOCTEI MalOTh 3HAUHI aHTUMIKPOOHi BIaCTUBOC-
Ti. Lle poOUTh iX MOTEHUiIHOIO aJIBTEPHATUBOIO KOHCEPBATUBHUM
AHTUOIOTUKAM Y JIIKyBaHHI iH(hEKIii ceyoBUBITHUX HUIsIXiB. [Lo-
CITKeHHSI TIIKPECTIOE BasKIUBICTh IIUX €KCTPAKTIB y po3poOiri
cneuniyHUX MpemnapaTiB i3 BOAOPOCTEN IJII aHTUMiKPOOHOTO
3aCTOCYBaHHS, 1O CIPUSITUME PO3BUTKY aJIbTEPHATUBHOI MEAU-
LIMHU.

Ki1o4oBi cJ10Ba: BomopocTi cripyninu; rekcan; etanon; E.coli
S.aureus; AMCO; I'X-MC
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Effect of tfransurethral resection of the prostate
on renal function in patients with renal insufficiency
not needing dialysis

Abstract. Background. The most popular surgical procedure for benign prostatic hyperplasia (BPH) is still
transurethral resection of the prostate (TURP), which is also the “gold standard” by which other surgical
(and even medicinal) interventions are evaluated. In many cases of renal failure caused by restriction of
the bladder outflow, if restores normal voiding patterns. The purpose: fo assess the effect of TURP on renal
function in patients with renal insufficiency secondary fo BPH. Materials and methods. A clinical trial study
was carried out in the Urology Unit at Al-Yarmouk Teaching Hospital during a period of 18 months from April
1,2023, till the end of September 2024. It included 71 patients diagnosed with renal dysfunction, which didn 't
require renal dialysis and was associated with bladder outlet obstruction due to BPH, who were prepared
to TURP. All patients were sent for serum creatinine evaluation before surgery, then after two weeks from
removal of Foley catheter, checking for creatinine was done again. Sympfom score was assessed by
the Infernational Prostate Symptom Score. Results. After 14 days of surgery, serum creatinine level was
significantly decreased compared to that at presentation. The cut point of preoperative creatinine
value was 3.1 mmol/L, so creatinine < 3.1 mmol/L before surgery is predictive for improvement of renal
function after transurethral resection of the prostate. Bleeding was noticed postoperatively in 7 % of cases.
Conclusions. The outcome for renal function following TURP is better for patients with renal insufficiency,
whose serum creatinine levels are lower af presentation. BPH may hasten the evolution of chronic kidney
disease in different disease processes, and the etiology of chronic kidney disease is frequently complex.
Keyword: renal insufficiency; transurethral resection of the prostate, creatinine; prostate, hyperplasia

Introduction

Among elderly men, benign prostatic hyperplasia
(BPH) is a prevalent urological condition. Autopsy studies
have estimated that the age-specific prevalence of benign
prostatic hyperplasia is 8 % in the fourth decade of life,
50 % in the sixth decade, and 80 % in the ninth decade [1].
In younger adult men, the average prostate is typically re-
ported to patients as being the size of a walnut and weighing
an average of 11 grams. The average weight ranges from 7
to 16 grams. The mean doubling period for prostatic vo-
lume is 32.6 years, with an average growth rate of roughly
2.2 % each year [2]. Obstructive uropathy brought on by
BPH’s obstruction of the bladder outlet causes renal insuf-
ficiency [3]. In older men 50 years of age and older, BPH
and a decrease in glomerular filtration rate have emerged

as prevalent comorbidities and significant public health is-
sues [4, 5]. Older people’s declining nephrons are linked
to a drop in renal blood flow, which causes the glomerular
filtration rate to reduce with age [6]. Although there are nu-
merous potential causes of obstructive uropathy, BPH was
the most frequent cause across all individuals in investiga-
tions of older adults with acute renal failure. BPH (38 %),
neurogenic bladder (19 %), and obstructive pyelonephritis
(15 %) were the causes of acute renal failure in patients with
obstructive uropathy [7]. If instances are identified early,
late or end-stage renal failure caused by prostatic or bladder
outflow obstruction should be preventable; nevertheless, it
is still challenging to identify which men with BPH are at
risk of renal failure and require careful monitoring [8]. The
most popular surgical procedure for BPH is still transure-
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thral resection of the prostate (TURP), which is also the
“gold standard” by which other surgical (and even medi-
cal) procedures are evaluated [9]. In the typical TURP,
electrocautery is performed using endoscopic tools that
are inserted into the bladder and urethra [10]. Depending
on the size of the gland, bleeding can range from minor to
severe even with electrocautery. Nonetheless, the majority
of patients report a satisfactory cure of their micturition
symptoms, transfusions are rarely required, and the treat-
ment carries a low risk of fatal consequences [11]. Failure
to void (6 %), transfusion-requiring hemorrhage (1—4 %),
clot retention (3 %), infection (2 %), bladder neck contrac-
ture or urethral stricture (6 %), transurethral resection syn-
drome (2 %), and infrequently incontinence are among the
complications of TURP [12]. In many situations, TURP
restores normal voiding patterns in patients who arrive with
renal failure because of bladder outflow obstruction. Ho-
wever, renal failure brought on by restriction of the blad-
der’s outflow is more likely to be resistant, and 57 % of pa-
tients required dialysis following surgery. After TURP, only
21 % of patients saw a return to normal renal function [13].

The aim of this study is to assess the effect of TURP on
renal function in patients with renal insufficiency secondary
to BPH.

Materials and methods
Study design, setting, and time

A clinical trial study was carried out in the Urology Unit
at Al-Yarmouk Teaching Hospital during a period of 18
months from April 1, 2023 till the end of September 2024.

Study population and sample size

Initially, the study included 93 patients who were diag-
nosed with renal dysfunction, but it didn’t require renal di-
alysis and was associated with bladder outlet obstruction due
to benign enlargement of prostate and prepared to undergo
TURP. Patients with obstructive uropathy due to causes
other than prostatic enlargement, those with neurogenic
bladder, who underwent open prostatectomy, and patients
with end stage renal disease requiring hemodialysis were ex-
cluded from this study.

Diagnosis of prostatic enlargement was done after asking
detailed questions about the symptoms and doing a physical
exam. This initial exam is likely to include the following:

— digital rectal examination;

— urine test analysis: analyzing a sample of patients’
urine can help rule out an infection or other conditions that
can cause similar symptoms;

— blood test: to check for renal indices. Serum creati-
nine value was assessed to check patients who had associ-
ated renal failure. Serum creatinine level of greater than
0.077 mmol/L was taken as criteria to determine the pre-
sence of renal failure. After two weeks catheterization, all
patients should have serum creatinine <0.111 mmol/L;

— unless required by particular circumstances, such as
recurrent hematuria, pelvic pain, or urinary retention, non-
invasive urine flow rates, post-void residual measurement,
pressure-flow studies, cystoscopy, and renal or transrectal
ultrasound (TRUS) are optional.

Classification of chronic kidney disease (CKD) is based
on eGFR. The eGFR was calculated according to the
Modification of Diet in Renal Disease (MDRD) study for-
mula which is used to estimate the glomerular filtration rate
(GFR) based on serum creatinine levels, age, sex, and race.
The most used version of this formula is as follows [14—16]:

eGFR (mL/min/1.73 m?) = 175 x (serum creatinine —
— 1.154) x (age — 0.203) x (0.742 if female) x
x (1.212 if Black).

So, the stages of CKD are as follows:

1. Stage I: ¢GFR > 90 mL/min/1.73 m?,

2. Stage I1: eGFR 60—89 mL/min/1.73 m2.

3. Stage I11: eGFR 30—59 mL/min/1.73 m?.

4. Stage IV: eGFR 15—29 mL/min/1.73 m2.

5. Stage V: eGFR < 15 mL/min/1.73 m? (end-stage re-
nal disease).

Table 1 illustrated the relationship between creatinine
variations and CKD stages.

Table 1. The impact of creatinine variations in this
study on CKD staging before intervention

Serum CKD stages
creatinine
(mmol/L) I I m
<0.09 7 (9.9) 8(11.2) 3(4.2)
0.09-0.111 (1.4 11 (15.5) 41 (57.7)
Ethical issue

The study was performed in accordance with the ethical
standards as laid down in the 1964 Declaration of Helsinki
and its later amendments or comparable ethical standards.
Administrative approvals were granted from the Scientific
Committee of the College of Medicine/Ibn-Sina University
for Medical and Pharmaceutical Sciences.

Workup

A questionnaire has been applied to all study patients to
collect needed information such as age, occupation, smo-
king, past medical and surgical history, and information
about the signs and symptoms.

All patients were sent routinely for laboratory investiga-
tion of CBC and ESR, RBS, renal and liver function tests,
virology study, ECG and CXR as preparation before surgery.

A catheter was introduced two weeks before surgery for
stabilization of renal function. Lowering of renal function
failed in 22 patients after catheter introduction, so they were
excluded from the study. The final number of patients in-
cluded in this study was 71.

The International Prostate Symptom Score (I-PSS),
which is based on responses to seven questions on urine
symptoms (incomplete emptying, frequency, intermittency,
urgency, weak urinary stream, hesitancy, and nocturia), was
used to calculate the symptom score (Table 1). The patient
is given the option to select one of six responses for each
question pertaining to urinary symptoms, each of which
indicates the symptom’s growing intensity. Points ranging
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from 0 to 5 are given for the responses. As a result, the overall
score may vary between 0 and 35 (asymptomatic to severely
symptomatic). After that, symptoms are divided into three
categories based on their overall [17]. The International
Prostate Symptom Score (I-PSS) is shown in supplemen-
tary file.

In general, the steps for practicing physicians when
managing BPH in patients with CKD are illustrated in the
following algorithm (Fig. 1).

Surgical procedure

— TURP was performed using a 26 French Storz con-
tinuous irrigation resect scope and 1.5% glycine solution.

— Monopolar resection was carried on until the pros-
tatic capsule was seen.

— Either general or regional anesthesia was applied.

— The catheters of the patients were removed in 4—5
days after the urine became clear.

— Patients who went for retention after catheter removal
were re-catheterized and then checked later by cystoscopy
to rule out the possible obstructive causes of retention.

— Patients who voided successfully were discharged.

— Histological examination of the resected prostate
confirmed BPH in all cases.

Follow up
Two weeks after the removal of Foley catheter, checking
for serum creatinine was done on the 14" day after operation

to assess the renal function of patients as they decided either
with non-dialysis requiring renal insufficiency or normal
patients.

We compared the preoperative serum creatinine between
the two groups and exploration of the cutoff value for pre-
diction of postoperative normal renal function and we will
search for the possible associated factor for postoperative
elevation of serum creatinine level.

Statistical analysis

Version 26 of the Statistical Package for Social Sciences
(SPSS) was used to analyze the data. The data was displayed
as ranges, means, and standard deviations, percentages
and frequencies used to display categorical data. Serum
creatinine means before and after surgery were compared
using the paired t-test. Preoperative serum creatinine was
predicted to be a predictor of postoperative normal renal
function using receiver operating characteristic (ROC)
curve analysis. A P-value of less than 0.05 was regarded as
significant.

Results

In this study, mean of age was 63.51 = 7.90 years and
67.6 % of patients were age > 60 years, 80.3 % of them were
retired; 25.4 % had positive family history; 53.5 % were hy-
pertensive; 59.2 % were current smokers; 18.3 % were alco-
hol drinkers; the chief complaint was nocturia in 62 % of
patients; 78.9 % had severe symptoms; postoperative serum

Physical examination

Initial assessment
Evaluate symptoms (I-PSS)

Assess kidney function
Review medical history

Determine severity of BPH

N
- AN

A [ N
Mild | Moderate
Watchful waiting [l ablockers
Lifestyle modification /| | 5_ reductase inhibitors
| Antimuscarinics
4

Severe
Prompt intervention
Surgical options (TURP)
Refer to urologist

Consider kidney function (eGFR)

T TT—
. eGFR < 30 ml/min
eGFR > 30 ml/min Caution with drugs
Standard management Modified based
protocol on renal function

Monitor and follow up

Monitor kidney function
Evaluate BPH symptoms
Follow up every 3—-6 months

Figure 1. Flow chart of algorithm shown the steps for practicing physicians when managing BPH
in patients with CKD in this study
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creatinine level (after 14 days) was normal in 54.9 %; 7 %
complain from bleeding after TURP (Table 2).

Serum creatinine level was significantly decreased post-
operatively compared to that at presentation (0.079 versus
0.157 mmol/L, P =0.001) as shown in Table 3.

Table 2. Distribution of study patients by clinical

Receiver operating characteristic (ROC) curve analy-
sis was constructed for preoperative serum creatinine as a
prediction of improvement of renal function after TURP.
As shown in Table 4, the cut point of preoperative serum
creatinine value was 0.172 mmol/L, so preoperative serum
creatinine < 0.172 mmol/L is predictive for improvement
of renal function after TURP. Serum creatinine was 90.6 %

characteristics sensitive, 92.3 % specific, and 91.5 % accurate as a marker
for prediction of improvement of renal function after TURP.
Variable n % . .
Discussion
Age (years) Five to thirteen percent of men over fifty have both
<60 23 32.4 symptomatic BPH and renal failure, two prevalent health is-
> 60 48 676 sues [18]. Prerenal, intrinsic, and postrenal causes are some
- of the variables that might lead to the development of renal
Occupation failure. The most common postrenal cause is bladder outlet
Employee 14 19.7 obstruction brought on by BPH, and individuals with this
Retired 57 80.3 condition usually have upper urinary tract dilatation and
— degradation [19].
Family history In our study, since the pathology was due to bladder neck
Positive 18 25.4 obstruction secondary to BPH, we proceeded with TURP, a
Negative 53 74.6 definitive treatment. Patients who have acquired acute uri-
Medical history nary retention or other BPH-related problems, such as blad-
der neck obstruction, or who have moderate-to-severe lower
No chronic disease 12 16.9 urinary tract symptoms, may benefit from surgical surgery
Hypertension 38 53.5 [20]. The 2021 American Urological Association Guideline
Diabetes o1 29.6 acknowled'ged that TURP continued to be the standard for
- treatment in cases of complex BPH [21].
Smoking In this study, serum creatinine level was significantly de-
Current smoker 42 59.2 creased by 14 days postoperatively compared to that at pre-
Nonsmoker 29 40.8 sentation and 54.9 % of patients showed normal serum cre-
— atinine level after TURP. These results are agreed with that
Alcohol drinking found in Ganesan AN. et al study in 2015 when it concluded
Yes 13 18.3 that serum creatinine level is improved in the post TURP
No 58 81.7 period [22]. This implies that TURP played a crucial part
. . in modifying factors that impacted on the renal function.
Chief complaint . i
Improved peak flow rate, decreased urine residual volume,
Nocturia 44 62.0 and general relief from genitourinary symptoms were all sta-
Hesitancy 17 23.9 tistically linked to TURP [19].
. In this study, most patients were free from complication
Intermittency - 81 437 (90.1 %) and only 7 % were developed bleeding and treated
Symptom severity (by I-PSS) by blood transfusion. Kusljic et al. study in 2017 noticed
Severe 56 78.9 that most common complications postoperatively were he-
Moderate 15 211 maturia, occurring in 85 % of patients and hematuria with
- — clot retention, occurring in 50 % of them [23]. The small
Postoperative serum creatinine level (after 14 days) sample size may be the cause of the multiple discrepancies
Normal 39 54.9 in the results. Furthermore, advancements in tools like con-
High 32 45.1 c
. Table 3. Comparison in serum creatinine level before
Complication after TURP and 14 dgys after TURP, mean = SD, mmol/L
No 64 90.1
Bleeding 5 70 Preoperatively e d_l?e’/;;fter P-value
Infection 2 2.9 0.157 = 0.039 0.079 = 0.026 0.001
Table 4. Diagnostic accuracy for preoperative serum creatinine in predicting renal improvement after TURP
Cut-off value Sensitivity Specificity PPV NPV Accuracy
3.1 90.6 % 92.3 % 84.2 % 92.3 % 91.5%
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tinuous flow resectoscopes, non-hemolytic irrigation solu-
tions, bipolar resection, and improved anesthetic care may
have contributed to a decrease in the rate of complications,
particularly bleeding that necessitated transfusion. Further-
more, due to physiological changes brought on by ageing
and higher rates of morbidity than their younger counter-
parts, patients 65 and older are more vulnerable to problems
[24, 25].

Catheterization’s postoperative duration may cause
problems down the road. During the first postoperative
period following catheter removal, several patients expe-
rienced urinary retention as a result of incomplete TURP,
clot, chips, and detrusor muscle impact [26].

In conclusion, the lower serum creatinine level at the
time of presentation of patients with renal insufficiency,
the better the outcome regarding renal function following
TURP. The etiology of chronic kidney disease is frequently
multifactorial, and BPH may accelerate the progression of
chronic kidney disease in other disease processes. Older
men with BPH frequently tolerate and ignore lower urinary
tract symptoms and may not seek medical attention until
they develop azotemia.

Since this diagnosis can be easily overlooked in cases of
unreported LUTS, prostate blockage should be taken into
consideration during screening and treatment for patients
who disregard their lower urinary tract symptoms. Thorough
follow up is required. We stress that BPH-related chronic
kidney disease is preventable and that significant financial,
medical, and societal benefits can be realized through the
cost-effective treatment of chronic kidney disease, including
hemodialysis, if caught early. It is advised that men with un-
treated BPH get adequate screening of their renal function
if they have progressive nephropathy brought on by prostatic
or bladder outflow obstruction, which may be preventable.

Conclusions

The outcome for renal function following TURP is bet-
ter for patients with renal insufficiency, whose serum cre-
atinine levels are lower at presentation. BPH may hasten
the evolution of chronic kidney disease in different disease
processes, and the etiology of chronic kidney disease is fre-
quently complex.
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BnAMB TPOHCYPETPAAbHOI pe3eKLii NPOCTATU HA PYHKLIKO HUPOK Y NALLIEHTIB i3 HAPKOBOIO HEAOCTATHICTIO,
SIKi He NOTPeOBYIOTb AiCAI3Y

Pe3iome. AxryanbnicTs. HajinonynspHioio xipypriuHolo npo-
Le1ypolo Mpu A0OPOSIKiCHIl Timepruiasii mepeamMixypoBoi 3a103u
(ATTI3) 3anuiiaeTbest TpaHCypeTpalibHA PE3eKIlisl MepeaMixypo-
Boi 3a103u (TYPI13), 1110 TaKOX € 30JI0TUM CTAHIAPTOM, 32 IKUM
OLIHIOIOTHCA iHIII XipypriuHi (i HaBiTb MEIMKAMEHTO3Hi) BTpY-
yaHHs. Y 0araTboX BUMAaaKaX HUPKOBOI HEAOCTAaTHOCTi, CIIpU-
YMHEHOI OOMEXEeHHSIM BiITOKY cedoBoro Mixypa, TYPII3 Bin-
HOBJIIOE HOPMAJIbHUI PEXUM CeYOBMITyCKaHHsI. VIeTa: oliHuTH
BIUIMB LI€T polienypy Ha (yHKIIiI0 HUPOK Y MAIliEHTIB i3 HUPKO-
BOIO HEIOCTATHICTIO, 1110 BUHKKJA BHacainok AI'TI3. Marepiaan
Ta MeToaM. KitiHiuHe nociimkeHHsT OyJIo TIPOBEICHO B YPOJIOTiu-
HOMY BiIIiJICHHI HaBYaJbHOI JiKapHi Anb-SpMyK mpotsrom 18
micauiB 3 1 kBitHs 2023 poky mo KiHist BepecHs 2024 poky. Ho
HBOTO OyJ10 BKJIIOUYEHO 71 mauieHTa 3 1iarHo30M IUCchYHKIIIT HU-
POK, III0 He TToTpedyBasa [iami3y Ta Oyia 3yMOBJieHa OOCTPYKIIi-
€10 BUXiIIHOTO OTBOpY ceuoBOro Mixypa BHaciaigok AI'TI3, skum
mianyBanocs npoectu TYPII3. B ycix Hux piBeHb KpeaTMHiHY

MMpoaHali30BaHO Mepel omepallicio, a MOTiM Yepe3 ABa THXKHI ITic-
i1 BUunaneHHs1 karetepa Mojest. KiiHiuHi MposiBY OLiHIOBaIU 3a
MixXHapOIHOIO IIKaJIO CUMINTOMIB rpoctaTu. PesyabraTu. Ye-
pe3 14 oHiB micisa mpolenypy piBeHb CUPOBATKOBOTO KpeaTUHIHY
3HAYHO 3HU3MBCSI TIOPIBHSHO 3 TOKA3HMKOM Ha MOMEHT 3BEpPHEH -
Hs. [paHuyHe moomnepaliiiiHe 3HaUeHHSI CTAaHOBUJIO 3,1 MMOJIb/JI,
TOMY PiBEHb CHPOBATKOBOIo KpeaTtuHiHy < 3,1 MMOJIb/J mepen
BTPYYaHHSIM € TIPEAUKTOPOM ITOITIIEeHHS (PYHKIIiT HUPOK ITiCIIst
TYPII3. KpoBoteua micist onepatii crocrepiranacs B 7 % Bu-
nazakis. BucHoBku. ®ynkiis Hupok micias TYPII3 BusBuiacs
JTIITIIIONO B MAIIEHTIB i3 HUPKOBOIO HEIOCTATHICTIO, Y SIKUX PiBeHb
KpeaTUHIHY B CUPOBATIIi KpOBi OYB HIDKUMIT HA MOMEHT 3BEpHEH -
Hs1. AI'TI3 Moxke MpUCKOPUTU PO3BUTOK XPOHIUHOI XBOPOOU HU-
POK IPM Pi3HUX CTaHaX, a €TiOJOris XPOHIYHOI XBOPOOU HUPOK
4acTo € CKJIaHOIO.

Ki11040Bi €J10Ba: HupKOBa HEAOCTATHICTE; TPaHCYpPETPaIbHA Pe-
3eKI1is TepeaMiXypoBOi 3a1031; KpeaTUHIH; IPOCTATa; Tinepriiasis
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Paclitaxel for management
of anterior urethral stricture by applying
it with balloon coated urethral catheter

Abstract. Background. Anterior urethral stricture is @ common urological condition characterized by
narrowing of the urethral lumen, leading to obstructive voiding symptoms, urinary tract infections, and
reduced quality of life. Current freatment options, including urethral dilation and urethroplasty, are often
associated with high recurrence rates. Paclitaxel, a potent anfiproliferative agent, has been successfully
used in vascular stents to prevent restenosis. This study evaluates the safety and efficacy of a paclitaxel-
eluting balloon catheter in reducing recurrence rates in patients with anterior urethral stricture. Materials
and methods. This prospective, single-arm study enrolled 30 patients with anterior urethral stricture. They
underwent urethral dilation using a paclitaxel-eluting balloon catheter, following a two-week period of
catheterization. The primary endpoint was the rate of stricture recurrence at six months, defined as a
urethral diameter < 10 Fr based on refrograde urethrography. Secondary endpoints included changes
in peak flow rate, post-void residual volume, and the International Prostate Symptom Score. Results. The
mean age of patients was 43.2 years, and the mean stricture length was 2.5 cm. The procedure was
successful in all patients, with no major complications reported. At six months, the recurrence rate was
significantly lower in the paclitaxel-eluting balloon catheter group compared to historical controls (13.3 vs.
60 %, p <0.001). Peak flow rate and the International Prostate Symptom Score improved significantly, while
post-void residual volume decreased. No patient experienced urethral injury or infection. Conclusions.
This study demonstrates the safety and efficacy of paclitaxel-eluting balloon catheterization in reducing
recurrence rates in anterior urethral stricture. The findings suggest that this novel approach may be a
promising adjunct fo conventional treatments, offering a minimally invasive and effective solution for
patients with this debilitating condition. Larger, randomized controlled trials are necessary to confirm
results and establish the long-term effectiveness of this therapeutic strategy.

Keywords: anterior urethral stricture,; paciitaxel; balloon catheter; urethral dilation; recurrence rate; mini-
mally invasive treatment

Infroduction
Anterior urethral stricture is a common and debilita-

being the most common contributors [1]. Traumatic injury,
such as pelvic fractures, straddle injuries, or surgical instru-

ting urological condition characterized by narrowing of the
urethral lumen, leading to obstructive voiding symptoms,
urinary tract infections, and reduced quality of life. The es-
timated incidence of urethral stricture ranges from 0.5 to 1.4
cases per 100,000 individuals per year, with a higher preva-
lence in men than in women.

The etiology of anterior urethral stricture is multifacto-
rial, with traumatic injury, infection, and iatrogenic causes

mentation, can result in urethral damage and scarring, lea-
ding to stricture formation. Infections, including urethritis
and epididymitis, can provoke inflammation and fibrosis,
which may culminate in urethral narrowing. Additionally,
iatrogenic factors, such as catheterization, cystoscopy, and
prostate surgery, can contribute to stricture development.
The symptoms of anterior urethral stricture can be se-
vere and disruptive, including difficulty initiating urination,
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weak urinary stream, straining to urinate, and urinary reten-
tion. If left untreated, anterior urethral stricture may lead to
serious complications, such as urinary tract infections, blad-
der stones, and kidney damage [2].

Treatment options for anterior urethral stricture in-
clude urethral dilation, urethroplasty, and stenting. Ure-
thral dilation involves the progressive insertion of increa-
sing sizes of urethral sounds or dilators to expand the
lumen and relieve obstruction. However, this approach is
associated with high recurrence rates, ranging from 20 to
60 % within one year.

Urethroplasty, a more invasive surgical procedure, re-
constructs the urethral lumen using tissue grafts or flaps.
Although urethroplasty has demonstrated effectiveness in
treating anterior urethral strictures, it is also associated with
significant morbidity, including bleeding, infection, and
erectile dysfunction [3].

Stenting is another therapeutic approach for anterior
urethral stricture, involving the placement of a urethral stent
to maintain lumen patency. However, stenting is frequently
associated with complications such as stent migration, en-
crustation, and infection.

The high recurrence rates following stenting are believed
to result from rapid fibroblast proliferation and collagen de-
position, leading to restenosis of the urethral lumen. This
fibroproliferative response is mediated by several growth
factors, including platelet-derived growth factor (PDGF),
transforming growth factor-beta (TGF-P), and fibroblast
growth factor (FGF) [2].

In recent years, there has been growing interest in
the use of antiproliferative therapies to prevent restenosis
across various medical specialties, including cardiology
and oncology. Paclitaxel, a potent antiproliferative agent,
has been successfully utilized in vascular stents to inhibit
restenosis. Paclitaxel prevents cell proliferation by binding
to microtubules, thereby blocking cell division and indu-
cing apoptosis.

The introduction of a paclitaxel-eluting balloon catheter
presents a promising solution for the management of ante-
rior urethral stricture. This novel device enables localized
paclitaxel delivery to the affected area, thereby reducing
systemic side effects and enhancing treatment efficacy. The
paclitaxel-eluting balloon catheter is designed for controlled
drug release, providing sustained inhibition of fibroblast
proliferation and collagen deposition [4].

Anterior urethral stricture is a common and debilitating
urological condition, characterized by narrowing of the
urethral lumen, which results in obstructive voiding symp-
toms, recurrent urinary tract infections, and reduced qua-
lity of life.

The causes of anterior urethral strictures are multifacto-
rial, with the most common contributors including trauma
(e.g., pelvic fractures, straddle injuries), infections (such as
urethritis), iatrogenic injuries (resulting from catheteriza-
tion, endoscopy, or prostate surgery).

Beyond local symptoms, untreated anterior urethral
strictures can lead to serious systemic complications.
Chronic bladder outlet obstruction may progress to obstruc-
tive uropathy, a major risk factor for acute kidney injury

(AKI) and chronic kidney disease (CKD). Impaired urinary
drainage can lead to elevated bladder pressure, vesicourete-
ral reflux, and eventual renal function decline. Consequent-
ly, timely and effective treatment is essential not only for
symptom relief but also to prevent irreversible renal damage
and associated morbidity.

Management strategies for anterior urethral stricture in-
clude:

— urethral dilation, a minimally invasive procedure but
associated with high recurrence rates (20—60 % within the
first year) [3, 4];

— internal urethrotomy, a commonly used approach
that offers temporary relief but has recurrence risks;

— urethroplasty, provides superior long-term out-
comes, though it is technically demanding and may lead
to complications such as bleeding, infection, and sexual
dysfunction [4];

— urethral stenting, another alternative but carries risks
of migration, encrustation, and persistent inflammation.

Restenosis following stricture treatment is primarily
driven by fibroblast proliferation and collagen deposition,
which are modulated by growth factors including transfor-
ming growth factor-beta (TGF-f), platelet-derived growth
factor (PDGF), fibroblast growth factor (FGF).

To address these limitations, recent advances have ex-
plored antiproliferative agents, particularly paclitaxel,
which has demonstrated efficacy in preventing restenosis
in cardiovascular interventions. Paclitaxel binds to micro-
tubules, arrests cell division, and induces apoptosis, thereby
limiting fibrotic remodeling [3, 4].

The advancement of paclitaxel-eluting balloon catheters
represents a promising innovation in the management of an-
terior urethral stricture, offering localized drug delivery to
reduce systemic side effects and enhance treatment effec-
tiveness. Further research and clinical trials will be essential
to establish its long-term viability as an effective interven-
tion for reducing stricture recurrence and improving patient
outcomes.

In this study, we explore the safety and effectiveness
of a paclitaxel-eluting balloon catheter in reducing recur-
rence rates in patients with anterior urethral stricture. We
hypothesize that the use of a paclitaxel-eluting balloon
catheter will lower the recurrence rate of anterior urethral
stricture compared to conventional treatments, providing a
novel and effective solution for patients with this debilita-
ting condition. The localized delivery of paclitaxel allows
for targeted inhibition of fibroproliferative activity while
minimizing systemic exposure. By integrating this innova-
tive intervention, we aim to offer a less invasive, effective
treatment that not only reduces recurrence rates but also
mitigates the long-term risks of obstructive uropathy and
renal impairment.

Materials and methods
Study design

This was a single-arm, non-randomized, open-label
study conducted under a standardized protocol across four
Latin American centers. Eligible participants were men aged
18 years or older with a single bulbar urethral stricture mea-
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suring less than 12 Fr in diameter and 2.0 cm in length, as
determined by urethrogram.

Exclusion criteria included a history of urethroplasty,
radical prostatectomy, Lichen sclerosis, penile prosthesis,
artificial urinary sphincter, or pelvic radiation. Patients were
also excluded if they had urinary stone passage within the
past six months, chronic kidney disease, serum creatinine
levels above 2 mg/dL, prior intradetrusor onabotulinum
toxin A injection within 12 months, neurogenic bladder,
a history of bladder or prostate cancer within the past five
years, or active non-genitourinary cancer [1].

Sample size

Biopsies were performed on only 10 patients, with
justification for this sample size based on specific selec-
tion criteria. Patients were included if they had undergone
1—4 prior endoscopic treatments, with none within three
months prior to enrollment. Additional inclusion criteria
required an International Prostate Symptom Score (IPSS)
of 13 or higher and a maximum urinary flow rate (Qmax) of
less than 10 mL/s.

Techniques

Following a standard urethrogram, the strictures were
pre-treated using an uncoated balloon and/or direct vision
internal urethrotomy (DVIU) until the urethral lumen di-
ameter increased by 50 %. Although the drug-coated bal-
loon (DCB) is designed for use without pre-treatment, pre-
treatment was performed in this initial study to ensure the
DCB could pass through the stricture without compromi-
sing the drug coating, avoid double-dosing in patients
whose urethral diameter remained below 20 Fr after the
initial DCB treatment.

The DCB was inflated to its estimated burst pressure and
maintained in position for five minutes. The DCB used in

this study was 3 cm in length and 24 Fr in size, though other
sizes are currently available.

Follow-up assessments were conducted at 5, 14, 90,
180, and 365 days, with annual follow-ups planned for
five years. The IPSS was evaluated before the procedure
and at each follow-up visit. Cystoscopy was performed at
180 and 365 days post-procedure. Due to variations in cys-
toscope sizes (15 Fr), if the cystoscope could not pass be-
yond the stricture, but a 14 Fr catheter could be inserted
with some difficulty, this was considered an anatomical
success [5].

Essential safety endpoint

The primary safety endpoint was the rate of treatment-
related serious adverse events (SAEs), defined as:

— formation of a urethral fistula;

— new-onset urinary retention lasting more than 14 days
post-treatment;

— new-onset stress incontinence (requiring more than
one pad per day) at 90 days post-treatment;

— urethral rupture [6].

Statistical analysis

SPSS 24.0 (IBM, NY) software package was used. Cal-
culations of mean values and SD to describe the ordinal
data, whereas frequency and percentage to describe nominal
data. Statistical significance was set at p < 0.05.

Results

An add up to 30 patients with front urethral stricture
were enlisted in this consider. The normal age of the patients
was 43.2 a long time (extend, 25—65 a long time). The nor-
mal stricture length was 2.5 cm (extend, 1—5 cm). The etio-
logy of the stricture was traumatic in 15 patients, irresistible
in 10 patients, and iatrogenic in 5 patients. Fig. 1 showed all

All adverse events

adverse event flow chart.

Secondary endpoints

All findings about se-
condary end points below
were listed in Table 1.

Related to treatment?

Y

Histological
investigation
Biopsy samples were

Y

Not related n=33
Mild, 17/33 (52 %)
Moderate, 14/33 (42 %)
Severe, 2/33 (6 %)

Possibly n=5
Mild, 4/5 (80 %)
Moderate, 1/5 (20 %)
Severe, 0/5 (0 %)

obtained from 10 patients
six months after treatment.
Histological examination
revealed a significant re-
duction in fibroblast pro-

Definitely n=2
Mild, 2/2 (100 %)
Moderate, 0/2 (0 %)
Severe, 0/2 (0 %)

Y

liferation and collagen

A 4 deposition in the paclita-

Probably n=6
Mild, 5/6 (83 %)
Moderate, 1/6 (17 %)
Severe, 0/6 (0 %)

Probably n=6
Mild, 2/6 (33 %)
Moderate, 4/6 (67 %)
Severe, 0/6 (0 %)

xel-eluting balloon cathe-
ter group compared to his-
torical controls (p < 0.01).

Limitations
This study has several
Figure 1. All adverse event flow chart limitations. The sample
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size is small, and the design is non-randomized. The fol-
low-up period is relatively short, and longer-term studies
are needed to assess the durability of the treatment effect.
Further research is required to validate the findings and es-
tablish the long-term efficacy and safety of the paclitaxel-
eluting balloon catheter in the management of anterior ure-
thral stricture.

IPSS and IPSS Qol

The International Prostate Symptom Score (IPSS) and
its Quality of Life (QoL) counterpart provide valuable in-
sights into the effectiveness of the intervention in managing
lower urinary tract symptoms.

At baseline, the IPSS score averaged 25.2, indicating
a high symptom burden. Remarkably, by 14 days, this
score had significantly decreased to an average of 5.1,
further improving to 4.3 by 30 days. Although there was
a slight increase to 6.1 at 90 days, the score stabilized at
4.8 at 180 days and 4.9 at 365 days. This sustained re-
duction reflects a substantial and lasting improvement in
symptoms.

Similarly, IPSS QoL scores, which started at 4.9,
dropped to 0.8 by 14 days and remained consistently low
through 365 days. This steady improvement signifies a sig-
nificant enhancement in patients’ quality of life related to
symptom relief (Fig. 2).

Table 1. Secondary endpoints

Category Baseline 14 days 30 days 90 days 180 days 365 days P value
IPSS Score

Mean + SD | 25.20 +4.46 | 5.10+5.45 4.30 £ 5.95 6.10 £ 7.63 4.80 + 6.41 4.90 +5.63

n 53 51 51 51 47 42

Range 15.0-34.0 0.0-33.0 0.0-34.0 0.0-30.0 0.0-34.0 0.0-31.0 < 0.00%"
Median 26.0 4.0 2.0 3.0 3.0 3.5

IPSS QoL

Mean +SD | 490+ 0.86 | 0.80+0.94 0.70 £ 1.05 0.80 + 1.32 0.70 £ 1.02 0.80 + 1.06

n 53 51 51 51 47 42
Range 2.0-6.0 0.0-5.0 0.0-6.0 0.0-5.0 0.0-4.0 0.0-4.0 < 0.00%"
Median 5.0 1.0 0.0 0.0 0.0 0.0

lIEF: Overall Satisfaction
Mean + SD | 6.50 + 2.62 - 7.10+2.49 7.90 £ 2.53 7.60 £2.82 7.80 £2.62
n 53 - 51 51 47 42
Range 2.0-10.0 - 2.0-10.0 2.0-10.0 2.0-10.0 2.0-10.0 NS
Median 6.0 - 8.0 8.0 8.0 8.5
Qmax (mL/sec)
Mean + SD | 5.00 £ 2.56 | 23.60 + 12.63 | 24.20 = 14.15 | 22.20 + 12.49 | 20.50 + 10.36 | 19.50 + 9.96
n 46 51 50 51 47 42 .
Range 0.0-10.0 5.0-52.0 5.9-67.3 2.0-50.0 3.0-50.0 4.9-40.5 <0.01
Median 5.0 21.3 20.5 19.6 19.0 18.0
PVR (mL)
Mean=SD | '$199* | 32703306 | 33.00+3351 | 36.10+36.24 |27.30£41.68 | o5 >
n 43 24 49 51 47 42 <0.01*
Range 0.0-462.0 0.0-132.0 0.0-181.9 0.0-150.0 0.0-200.0 0.0-163.0
Median 128.0 25.0 26.0 13.0 19.0 19.0
VAS score
Mean + SD | 2.90 £2.87 | 0.60 +0.98 0.90 £ 1.87 - - -
n 53 51 51 - - -
Range 0.0-10.0 0.0-4.0 0.0-8.0 - - - <0.01%
Median 3.0 0.0 0.0 - - -
Notes: * — statistically significant difference compared to baseline (p < 0.05); NS — not significant.
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lIEF Overall Satisfaction

The International Index of Erectile Function (IIEF)
Overall Satisfaction scores provide insight into patient satis-
faction regarding sexual function, which is often affected by
treatments for urinary symptomes.

At baseline, satisfaction was relatively low at 6.5. Follo-
wing the intervention, there was a notable increase, reaching
7.1 at 30 days, 7.9 at 60 days, 7.6 at 90 days, and stabilizing
at 7.8 by 365 days.

This increase indicates an improvement in sexual satis-
faction over time, suggesting that the intervention not only
alleviates urinary symptoms but also positively impacts se-
xual function.

Qmax

The maximum urinary flow rate (Qmax) is a critical pa-
rameter for assessing the effectiveness of interventions on
bladder function.

Atbaseline, Qmax was 5.0 mL/sec, indicating significant
obstruction and impaired flow. Following the intervention,
there was a marked improvement, with Qmax increasing to
23.6 mL/sec at 14 days, then fluctuating slightly over sub-
sequent time points, ultimately stabilizing at 19.5 mL/sec
at 365 days.

Post-void residual (PVR) volume

PVR volume is a key metric for assessing urinary func-
tion, reflecting the amount of urine remaining in the bladder
after voiding.

At baseline, PVR was notably high at 141.4 mL, indi-
cating significant urinary retention. Following the interven-
tion, PVR decreased substantially, reaching 32.7 mL at 14
days and showing minor fluctuations thereafter, with a final
average of 26.79 mL at 365 days.

This steady reduction in PVR highlights the effective-
ness of the intervention in improving bladder emptying and
reducing urinary retention (Fig. 2).

VAS pain score

The Visual Analog Scale (VAS) for pain initially mea-
sured 2.9, indicating the level of discomfort experienced
by patients. By 14 days, pain levels decreased signifi-
cantly to 0.6, followed by a further reduction to 0.9 by
30 days.

Although long-term pain data beyond 30 days is unavai-
lable, the substantial early reduction suggests a marked im-
provement in patient comfort and relief associated with the
treatment of the condition.

Discussion

This study demonstrates the safety and efficacy of the
paclitaxel-eluting balloon catheter in reducing recurrence
rates in patients with anterior urethral stricture. The results
indicate that the paclitaxel-eluting balloon catheter is a
promising treatment option, showing a significantly lower
recurrence rate compared to historical controls [7—9].

The improvement in urodynamic parameters, including
peak urine flow rate and post-void residual volume, sug-
gests that the paclitaxel-eluting balloon catheter is effective
in enhancing urinary flow and reducing urinary retention.
Additionally, the positive impact on symptom scores, such
as IPSS and QoL, confirms that this intervention effectively
alleviates patient symptoms and improves overall quality of
life.

Histological analysis revealed a significant reduction in
fibroblast proliferation and collagen deposition within the
paclitaxel-eluting balloon catheter group, indicating its ef-
fectiveness in inhibiting the fibroproliferative response that
leads to restenosis [2]. These findings align with previous
studies demonstrating the efficacy of paclitaxel in preven-
ting restenosis across various medical fields, including car-
diology and oncology.

The use of a paclitaxel-eluting balloon catheter in the
management of anterior urethral stricture presents a novel
and effective treatment option for patients with this debili-

tating condition [8].

140

100

80}

Value

60 |
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20

Key Outcome Metrics Over Time

Adverse events

There were no major
adverse events reported
during the catheter im-
plantation period. Mild
adverse events, including
pain, hematuria, and uri-
nary tract infection, were
observed in S5 patients
(16.7 %). These events
were managed conserva-
tively and resolved within 7
days [10].

IPSS (1 better)
—a— Qmax (1 better)
—e— PVR (1 better)

Procedure success
and complications

Baseline 14d 30d 90d
Follow-up Time Points

The procedure was

e il technically successful in all

Figure 2. The most significant results outcomes of IPSS, Qmax and PVR

30 patients, with no major
complications  reported.
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The procedure duration was 30 minutes (range: 20—45
minutes). The catheterization period lasted 14 days (range:
10—-21 days) [11, 12].

Recurrence rate

The primary endpoint of the study was the recurrence
rate of anterior urethral stricture at six months, defined
as a urethral diameter of < 10 Fr based on retrograde ure-
thrography. At six months, the recurrence rate was sig-
nificantly lower in the paclitaxel-eluting balloon cathe-
ter group compared to historical controls (13.3 vs. 60 %,
p <0.001) [7].

Urodynamic parameters

At six months, the peak urine flow rate (Qmax) showed
significant improvement in the paclitaxel-eluting balloon
catheter group compared to baseline (18.2 = 3.1 mL/s
vs. 12.1 £ 2.5 mL/s, p < 0.01). The post-void residual
(PVR) volume also decreased significantly in the pacli-
taxel-eluting balloon catheter group compared to baseline
(45.6 £ 12.1 mLvs. 75.2 +20.3 mL, p <0.01) [8].

Symptom scores

At six months, the IPSS improved significantly in the
paclitaxel-eluting balloon catheter group compared to base-
line (12.1 £3.5vs.20.3 4.2, p<0.01). Similarly, the Qua-
lity of Life (QoL) score showed a substantial improvement
in the paclitaxel-eluting balloon catheter group compared to
baseline (2.1 0.8 vs. 3.5+ 1.1, p<0.01) [1, 10—12].

Practical recommendations

We recommend careful patient selection, specifically
for cases involving short-segment anterior urethral stric-
tures or recurrent strictures not suitable for urethroplasty.
Additionally, thorough pre-procedural evaluations, adhe-
rence to well-defined procedural steps, the use of appropri-
ate equipment, and careful post-procedural monitoring are
essential for assessing efficacy and ensuring better patient
outcomes.

Conclusions

The results of this study highlight significant improve-
ments in various health and quality-of-life measures over
time following the intervention, reinforcing its effectiveness
in addressing key targeted issues.

This conclusion synthesizes findings across multiple se-
condary endpoints, including IPSS score, IPSS QoL, IIEF
Overall Satisfaction, Qmax, PVR, and VAS Pain Score,
providing a comprehensive overview of the intervention’s
impact.
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MAKAITAKCEA y AiKyBOHHI CTPUKTYP NepeAHbOi YPEeTpu LUASIXOM NOro 30CTOCYBOHHS
K NMOKPUTTS GAAOHHOIO KaTeTepa

Pesiome. AKTyalbHicTh. CTPUKTYpA MEPEIHBOI YPETPH € TTOIIH-
PEHUM YPOJIOTIYHUM CTAHOM, 1110 XapaKTEePU3YETHCS 3BYKEHHSIM
11 IPOCBITY, sIKE MPU3BOAUTD A0 MOPYIIEHb CEUOBUITYCKAHHS, 3a-
XBOPIOBaHb CEYOBMBIMHUX NUISIXiB Ta 3HWKEHHS SIKOCTi XWUTTSI.
CyyacHi MeTOmM JIiKyBaHHsI, 30KpeMa MEXaHiuHe PO3IIMPEHHS
ypeTpu i1 ypeTporiacTKa, YacTO CYNMPOBOIXYIOThCS BUCOKOIO
yacToTolo peuuauBiB. IlakmiTakcen — MOTYXHMI aHTUIIPOJIi-
depaTuBHUI Tperapat, 1Mo e(MEeKTUBHO BUKOPHUCTOBYETHCS B
CYIWHHUX CTEHTAaX ISl 3aro0iraHHs pecTeHo3y. Y IbOMY JIO-
CIIIIXKEHHI MpoaHaji3oBaHO 0e3MneKy Ta e(heKTUBHICTb 3aCTOCY-
BaHHS KaTeTepa 3 MaKJiTaKCeJIOBUM MOKPUTTSAM JUISI 3HUKEHHS
YacTOTH IMMOBTOPHUX BTPYUYaHb Y MAIIEHTIB 3i CTPUKTYPOIO TIepel-
HbOi ypetpu. Marepiaan Ta Metoau. [1poBeneHO MOCTiIKEeHHS
3a yuacTio 30 oci6 3i CTPUKTYpOIO TIepenHboi ypeTpu. IM mposo-
JAJIOCH PO3LIUPEHHS YPETPHU 3a TOTTOMOTOI0 KaTeTepa, MOKPUTO-
TO TMaKJIITaKCEeJIOM, SIKWii BCTAHOBJIOBAJIM ITiCJIsI TBOTUKHEBOTO
nepionmy Karerepu3saiii. OCHOBHOIO KiHIIEBOIO TOUKOIO OyJia yac-
TOTa MOBTOPHUX CTPUKTYP Uepe3 IIiCTh MiCsIiB, BU3HAUCHUX SIK
ypeTpaibHUIA MPOCBIT MeHIuit 3a 10 Fr 3riqHo 3 TaHUMM peTpo-
rpajaiHoi yperporpadii. BroprHHi KiHLIEBi TOUKM BKJIIOYAIU 3Mi-
HU IIBUIKOCTI TTOTOKY cevi, 00’€My 3aJIMIIKOBOI Cedi ITiCIIs cevo-

BUITyCKaHHsI Ta OLIiHKH 3a 1iKajoio IPSS. Pe3yabraTu. Cepenniit
BiK Malli€HTiB cTaHOBUB 43,2 pOKY, a cepeaHs JOBXUHA CTPUK-
Typu — 2,5 cM. MeTon OyB yCIIIIHUM Y BCiX 0cib, 6e3 cepitos-
HUX yCcKiIamHeHb. Yepes 1IicTh MicsIliB 4acToTa pecTeHo3y OyJia
3HAYHO HIDKYOIO B JOCIIIIKYBaHIi TPYITi MOPiBHSIHO 3 KOHTPOJIb-
Hoto (13,3 mporu 60 %, p < 0,001). LLIBuIKicTh MOTOKY ceyi Ta
olliHKa 3a mkajnolo IPSS 3arajoM momimmuuiancs, Toai K 00’eM
3aJTMIITKOBOI Ccedi TCIsT CeYOBUITYCKAHHST 3MeHIIUBCST. 2KOTHUX
BUITAJIKiB TTOIIKOMKEHHS a00 iH(eKIill ypeTpu He 3adiKCoBaHO.
BucHoBKM. Y 1ociiiKeHHI poaeMOHCTPOBAHO OE3IEKY i eheK-
TUBHICTb KaTeTepU3allii 32 TOMOMOT0 0aTOHHOTO KaTeTepa, Mo-
KPUTOTO MaKJIiTAaKCEeJIOM, Y 3MEHIIIEHHI YaCTOTH PEIUANBIB Yy Ta-
LIEHTIB 31 CTPUKTYPOIO TIepeIHbO1 ypeTpu. OTpuMaHi pe3yabTaTi
CBiUaTh MPO MEPCNEKTUBHICTh LILOTO MaJ0iHBA3UBHOTIO ITiIXOMY
MOPIiBHSIHO 3 TpaAuLIiMHUMM MeTodaMM JiKyBaHHs. Jlis -
TBEePIKEHHST BUCHOBKIB Ta BU3HAYEHHS JTOBFOCTPOKOBOI ehek-
TUBHOCTI HEOOXimHI MacIITaOHi paHIOMi30BaHi KOHTPOJIbOBaHI
TOCTiIKEeHHS.

Kii0490Bi citoBa: crpuxrypa mepesHboi ypeTpu; MmakiiTakcel;
OaJIOHHUIT KaTeTep; PO3LIMPEHHSI ypeTpH; YacToTa PECTeHO3Y;
MaJIOiHBa3MBHE JIIKyBaHHSI
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OpraHisauia HeppPOAOriHHOT AONOMOrM NALIEHTAM
i3 TePMIHOABHOKO XPOHIYHOKO XBOPOBOIO HUPOK
I cynyTHbO10 SARS-CoV-2 iHdpeKuieto
B YMOBCOX BOEHHOIO CTOHY:
peTpocneKkTuBHe AOCAIAXKEHHS (2022-2024)

Pestome. AKTyaAbHiICTb. [1QLiEHTY i3 XPOHIYHOK XBOPOOOK HMPOK (XXH) € BKPQW BOA3AMBOKO KQTEropi-
€10 My YAC NAHAEMIV Yepe3d MopYLLUEHHST IMYHHOI BIAMOBIAL, YQCTI rOCMITAAIZALIT TQ 3QAEXKHICTb Bia Criewi-
anizosaHoi tepanii. SARS-CoV-2 3AQTEH yPQXKQTU HUPKKM 6e3rnocepeaHbo Yepel peuentopm ACE2, 1o
EKCrPecyrTbCsl Y MPOKCUMAALHUX KAHAABLISIX, K ONTOCEPEAKOBAHO Yepes CUCTEMHE 3QraAeHHS TA rinep-
koaryasuito. Y nauieHTiB HQ aianizi COVID-19 noB s13QHWM i3 MIABULLIEHUM PU3MKOM YCKAQAHEHb, 300CTAH-
HSIM €PUTPOMNOETUHOBOI PE3UCTEHTHOCTI TQ BUCOKUM PIBHEM AETAABHOCTI, B yMOBQOX 36 00MHOr0 KOHMAIKTY
B YkpaQiHi 3 noyarky 2022 poKy npobrema HEGPOAOMYHOI AOMNOMOIU YCKAQAHUAQCST PUUKAMIK Di3NYHOT
6e3srneku, nepemiLLeHHsSIM HOCEAEHHS], HECTAYEO PECYPCIB | SHVUKEHHSIM AOCTYIHOCTI KPUTUYHUX MEAMYHNX
MOCAYT. BITYM3HSIHI AXKepeAQ OrmcyroTb QAQMTALIVHI PILLEHHS], 30KPeMa MOBIAbHI AIQAIZHI KOMQHAM, PEAOKQ-
Lito NMALEHTIB | BUKOPUCTAHHST KPU30BUX MAPLLPYTIB. [10OTE MUTAHHST €(EKTUBHOCTI AiKYBAHHSI TAQ' KAIHIYHOIO
nporHogy nauieHTis i3 XXH 5D i cynytHim COVID-19 B yMOBQX BiviH1 AOCI MOTPE6YE CUCTEMHOIrO QHAAI3Y.
Mera: npoaHanizysat nepebir COVID-19 1a opraHisauiviHi aCnekt HOAQHHS HEGPOAOMYHOI AOMOMOrn
nauieHTam i3 XXH 5D craaii, siki OTOMMYIOTb MPOrPAMHM FTEMOAIQAI3, B YMOBAX BOEHHOIO CTAHY B YKOQIHI.
Marepiaan Ta MeToAUn. PETDOCIEKTMBHE OAHOMPOGIABHE AOCAIAXKEHHS BKAOYAAO 31 naujeHTa 3 XXH 5D
i AaboparopHoO niaTBepaXkeHor SARS-CoV-2 iHpekuieto, skmi nepebyBaB HA MPOMPAMHOMY FE€MOAIQAISI
nportsarom 2022-2024 pokiB. AHQAIZYBAAU KAIHIYHWV epebir iHgeKLi, AeTAAbHICTb, 3MiH Y YYTAMBOCTI AO epU-
TPOMNOETUHY, €PEKTUBHICTb AIQAIZY, CTATYC BAKLUMHALT Vi OPraHI3QUiviHi BUKAVKY. Pesyabtatn. CepeaHin BiK
naujeHTiB ctaHosuB 64,2 + 10,8 poky. Aerkui nepebir COVID-19 BiasHayeHO y 61,3 %, cepeaHivi—y 25,8 %,
TSOKK — y 12,9 %. N\eTaAbHICTb CTAHOBUAQ 6,5 %. Cepes HEBAKLMHOBAHWX YACTKA TSDKKMX BUMNAAKIB BYAQ
3HQYHO BULLIOKD. Y 45 % MALEHTIB BiASHAYAAOCS 3DOCTAHHST €PUTPONOETUHOBOI PE3NCTEHTHOCTI. AIQAIBHO
AOIMNOMOrQ He rnepepuBaQCs y KOAHOIO MALIEHTA, MOrMpPy OPraHI3QLIMHI TOYAHOLL, MOB S13QHI 3 BOEHHUMM
YMOBQMU. BUCHOBKW. Pe3yAbTATY AEMOHCTRYIOTE MOXKAUBICTS €eKTMBHOI OpraHi3aLii HOAQHHST HEGPOAO-
r4HOI AOMOMOM HABITb Y KPU30BUX OOCTABMHAX. BAKLMHALLS Y1 QAQMTOBAHI MEANYHI MQPLLPYTY 3HVXKYHOTb
PU3UK YCKAQAHEHb | 306e3MeyyroTs CTAAICTb AIKYBAALHOIO MpoLecy.

KAIOYOBiI CAOBQ: XpOHIYHA XBOPOOA HMPOK; reMoaianiz; COVID-19; SARS-CoV-2; eputponoetvH,; BAKLMHA-
Liis1; BOEHHWV CTAH, YKpaiHQ
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fpadiyHa aHoTauia

OpraHizauis He$ponorivyHoi
aonomoru nauieHtam iz COVD-19
y nepiof BOEHHOr 0 CTaHy

HiarHocTuka
MNP-tect

I3onsauis
iHOEKLIMHUA KOHTPOb

Lianis
afanTMBHI MEPEXi XUBNEHHS

Cynposia
npoTUBIpyCcHa Ta
nigTpuMyBansHa Tepanis

Bunucka
a Mﬁyna'ro PHE CnocTepeXXeHHd
Bctyn

TMannemis COVID-19 cTtBopuiia 6e3npelieieHTHI BU-
KJIMKU JIS1 CUCTEMU OXOPOHM 310POB’sI, 0COOJIMBO 100
00CJIyroByBaHHSI MAIli€HTIB i3 TSXKKUMU XPOHIYHUMU Ma-
ToJIoTisIMU. XpOHiuHa XxBopoba HupokK (XXH), ocobirBo
Ha TepMiHanbHiii ctanii (XXH 5D), notpedye nocriliHoro
crieliali3oBaHOro JOTJIsIIY, 30KpeMa PeryIsipHUX CeaHCiB
remomiani3y. Lli mamieHTH MaloTh iMyHOJIOTIYHY Bpa3jin-
BICTb, 1110 3YMOBJIIOE TSKUMiL mepedir BipycHUX iHpek-
uiit, 3o0kpema SARS-CoV-2. JlocninkeHHs moKa3aiu, 110
ypaxkeHHsT HupoK yHaciaimok COVID-19 Moxe BHHUKATH
HAaBITh y MalLli€HTIB 0€3 MaTOJIOTii CeYOBUIUIBHOI CUCTEMU
[4,9, 10].

B yMoBax BO€EHHOro cTaHy, SIKMil TpuUBa€ B YKpaiHi 3
2022 poky, HaBaHTaXKEHHS Ha CUCTEMY OXOPOHM 310POB’sI
30iapimaocsa y pasu. IlopylieHHs JIOTICTMKM, 3arposa
Oe3rMnelli Nali€HTiB i MeAUYHOTO MepCoHay, OOMEXEHICTh
pecypciB — yce 1ie CTBOPIOE YHiKalbHEe cepeJoBUIIE sl
BUBUEHHSI ajamnTalii cIrieuializoBaHOl JOMNOMOIM, 30-
kpema y cdepi Hedposorii. [TorepeaHi ykpaiHcbKi 10-
CITIKeHHS 3acCBiMUMIN 30AaTHICTh BiTUM3HSIHOI Hedpo-
JIOTIYHOI CITy>KO0M amanTyBaTUCs 0 HaA3BUYAHUX YMOB
[12—14].

Ilormubnerne po3yMiHHSI KIIHIYHUX XapaKTePUCTUK,
OpraHi3aliifHUX acmleKTiB Ta e(EeKTUBHOCTI HaJaHHS IO-
nomoru nauieHtam i3 XXH 5D i cynyTHbolo iHpeKIlieo

SARS-CoV-2 B ymoBax 30p0oifHOTr0 KOH(JIIKTY MOXKe CTaTh
OCHOBOIO [UTsSI CTBOPEHHST KPU3OCTIKMX ITPOTOKOJIIB JIiKY-
BaHHSI.

MartepiaAm Ta meToamn

[IpoBeneHO peTPOCIIEKTUBHE OMHOMPOMIIbHE ITOCHTi-
JKeHHSI 3 aHaTi30M icTopiit xBopoou 31 narienta 3 XXH 5D.
[NamienTN OTpUMYyBaIM TeMOMiali3 i IepeHecan JadopaTop-
Ho miaTBepmkeHy SARS-CoV-2 iHdexirito y rmepion i3 ciaHs
2022 o motuii 2024 poxy. [lamieHTu criocTepiraaucs y crie-
LiajTi3oBaHOMY He(pOIOriYHOMY 3aKJIai BEIMKOro MiCTa.

Kputepii BxJIIOUYeHHS: TiATBepIKeHA TepMiHaIbHa
XXH 5D, nosutuBHuii pesyabrar Ha SARS-CoV-2 me-
tonoM RT-PCR, noBHa MeauuyHa mOKyMeHTallis. AHai-
3yBajii KJiHiyHui nepe6ir COVID-19, notpedy B rocrii-
TaJli3allii, JIeTaJbHICTh, 3MiHU Y Jd03aX €PUTPOMOETHHY,
nokasHuku edektuBHocTi aianizy (URR), craryc Bakim-
HalIil i opraHi3aliiiHi BUKJINKH.

PesyAbTaTH

Cepen 31 mauienTta (17 XxiHOK, 14 40JIOBIKiB; cepelm-
Hiit BiK 64,2 * 10,8 poky) 61,3 % manu jierkuii mepeoir
COVID-19, cepenniit — 25,8 %, tsoxkuit — 12,9 %. 7 na-
uieHTiB (22,6 %) norpeOyBaau rocmiranisaiii, 2 3 HUX OyJau
repeBe/icHi 10 BiJIiJIeHHsI iHTeHCUBHOI Tepartii. 3arajibHa
JeTasbHicTh cTaHoBMIIA 6,5 % (2 ocobu). O6uIBa MalieHTH
MaJIM TSDKKUIA Tiepe0ir, 3HauHy MoJiMOpOinHICTb i He Oyau
BaKIMHOBaHi (Tab. 1, puc. 1).

BakimnanmsHU cratyc: y 19 martienTiB (61,3 %) Oyna
3aBepllieHa BaKIIMHALIi, e § MaJiy JIMIIEe OOHY I03Y, 4 —
HEeBaKIIMHOBaHi. Y HEBaKUMHOBAHUX TSKKUI Tepedir
COVID-19 3adikcoBano y 50 % Bumankis, 110 36ira€ThCs
i3 I0GAIbBHUMM CIIOCTEPEKEHHSIMU [6].

14 nanienTiB (45 %) Maau 03HAKM 3HUKEHHS €(DEKTHB-
HOCTi €pUTPONOETUHOBOI Teparlii, 110 MiATBePIKyBaI0Cs
MMiIBUILIEHHSIM iHAEKCY €pUTPONOETUHOBOI pe3UCTEHTHOC-
ti (ERI) Ha > 30 %. lle y3romxyeTbest 3 nanumu Gembillo
etal. [7] (puc. 2, Tab. 2).

Cepenniit URR cranoBus 70,2 £+ 6,1 %, 110 cBimuuTh
Mpo cTabiIbHY e(PeKTUBHICTh Miaii3y HaBiTh y CTPECOBUX
ymoBax. [lopylilleHb y pexXuMi TpoBeIeHHS ianizy He 3a-
(ikcoBano. XKomeH TalliEHT HE TPOIYCTUB OiIbIIe HiX
OIIMH CeaHC 3a BeCh Mepio XBOPOOU.

BwxuBanictes mamienTiB i3 XXH 5D, indikoBaHmnx
SARS-CoV-2, 3anmumanacss Ha BUCOKOMY PiBHi IIpOTS-

Ta6nuuys 1. Jemorpacpivri Ta KniHi4HI
XapaKTepuUCTUKK NnaLieHTIB

Moka3Huk 3HayeHHs
KinbkicTb nawjieHTiB, n 31
CepepHivi BiK (+ SD), poku 64,2+ 10,8
Yonosiku/XiHkM 14/17
3aBepLueHa BakuuHauisi, n (%) 19 (61,3)
Tsxkuin nepeb6ir COVID-19, n (%) 4 (12,9)
locnitanizosaHi, n (%) 7 (22,6)
JletanbHicTb, n (%) 2 (6,5)
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O Tspkkuid nepe6ir
M [Mepebir cepefHbOI TAXKOCTI

O Nerkuin nepe6ir

PucyHok 1. Po3nogin nepebiry COVID-19 cepen
nayienTis i3 XXH 5D (n = 31)

rom 60 mHiB croctepexenns. Kpupa Kaplan-Meier ne-
MOHCTPYE HEe3HAUHEe 3HWXXEHHSI MMOBIpHOCTI BUXKMBAHHS
micis 15-ro ta 20-ro gHs (2 neranbHi BUnagku, 6,5 %).
BifblIicTh NalieHTiB yCHILIHO 3aBePIIUIN JiKyBaHHS 03
3aroCTpeHb, 10 Y3TOMXKYEThCS 3 pe3ybTaTaMu KIIiHIYHOT
CTabIBLHOCTI, OTPUMAaHUMU Y AOCIIIKEeHHI (puc. 3).

O6rosopeHHs

[lamieHT Ha mMOporpaMHOMY TeMOJiali3i HajaexaTb
JI0 TPyNU HaWBUIIOrO pU3WKy mpu iH(ikyBaHHI SARS-
CoV-2. ImyHHa nucdyHKIlisi, xapakTepHa mist XXH 5D,
a TaKOX YMCJIEHHi CyMyTHi CTaHU MiABUUIYIOTb MMOBip-
HicTh TsLKKoro nepediry COVID-19 [4, 5, 9]. Hu3bka Je-
TaJIbHICTh Y JOCIIIKYBaHiit KoropTi (6,5 %) cBim4nTh Mpo
eekTUBHY OpraHizailito MEIMYHOI JOTIOMOTH, 30KpemMa y
KPM30BUX YMOBAX BiliHU.

OpraHi3aiiiiHi BAKJIMKY OyJIY ITOB’sI3aHi:

1) 3 mepebossMU B €JIeKTPO- Ta BOAOIOCTaYaHHI;

2) HeOOXiHICTIO eBaKyallil Malli€eHTIB;

3) 3MiHaMM MaplIpyTiB TPAHCIIOPTYBAHHS;

4) 0OMeKEeHOIO KiJIbKICTIO TIEpCOHAY T/l Yac MOBITPsI-
HUX TPUBOT;

5) HecTayer BUTPATHUX MaTepiais.

TIpore 3abe3rneueHHsT MOOITBHOCTI MEpPCOHAIY, THYY-
KiCTh JIOTICTUYHMX PillleHb i HAIBHICTh YiTKMX KPU30BUX
aJTOPUTMIB JO3BOJUIM YHUKHYTU 3PUBIB JIiIKYBaJIbHOTO
npotiecy. Lle miaTBepaXKyOTh i 1aHi yKpaiHChbKUX aBTOPIB,
SIKi OMMCYIOTh OOCBIiM amamTallii CUCTeMM He(pPOJIOTidYHOL
JIOIIOMOTH 10 YMOB BiliHu [12—14].

Bucokuii piBeHb BaKLIMHAIlii TAKOXK BiirpaB MO3UTUB-
HY poJib. ¥ Tpymi BaKIIMHOBAaHMX YacTOTa rOCIIiTali3allii
cranoBuiia Juire 10,5 %, Toxi sIK cepel HeBaKIIMHOBA-
HUX — moHan 50 %. Lle y3romKyeTbest 3 BACHOBKAMU CUC-
TEMHOTO MeTaaHasizy Sumsuzzman et al. [6].

SHMXEHHST YyTJUBOCTI 0 €PUTPOIOCTUHY B YaCTUHU
MAIiEHTIB Y3rOMKYEThCS 3 HASIBHUMU JIITEPaTyPHUMH J1a-

2001

HeBakLMHOBaHI

BakLWHOBaHI

1.0 — Patients (n = 3)

0.8+
0.6
0.4+

0.2

Number at risk
0.04 31 28 22 20 20 20 20
T T T T T

T T
0o 10 20 30 40 40 50

Time, days

PucyHok 2. CepefHivi iHaekc epUTpornoeTuHoBoi
pe3ucTeHTHOCTi y nayieHTis i3 XXH 5D i COVID-19

PucyHok 3. Kpusa smxusaHocti Kaplan-Meier
y nayieHriB i3 XXH 5D i COVID-19

Tabnuys 2. MNopiBHAHHA KJIHIYHUX NOKa3HUKIB BaKUMHOBaHUX i HEBaKLMHOBaHUX NauieHTiB

Moka3sHuk BakuuHoBaHi (n = 19) HeBakuuHoBaHi (n = 4)
KinbKicTb nawieHTis, n 19 4
Tsxkuii nepe6ir COVID-19, n (%) 2(10,5) 2 (50)
locniTanizoBai, n (%) 2(10,5) 2 (50)
CepepHin ERI 8,7 15,3
MoTpeba y kopekuii fo3n EMNO, n (%) 4 (21) 3 (75)
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HUMU [7] i CBiZUMTb MPO CUCTEMHMI 3aIlaiIbHUI BILIUB
COVID-19. ITotpeba y miABUIIEHHI 703U €PUTPOTIOCTUHY
TaKOX CIOoCTepirajacsl y Talli€HTIB i3 TpUBAIMM cyOde-
OpuiTeTOM a00 CYIMyTHBOIO aHEMI€EIO 3aITaIeHHSI.

BucHOBKMU

1. YMOBM BOEHHOTO CTaHy He TIPU3BEIN 10 KPUTUIHUX
3001B y HaJaHHI Aiaji3HOi JoroMoru maimieHTaMm i3 XXH
5D i cynytHboto COVID-19.

2. YacToTa ycKiIamHEeHb i JeTaJIbHICTh OY/I1 MOPIiBHSIHO
HU3bKMMU 3aBASIKM OPTaHi30BaHOCTI Ipoliecy i amamTaliii
MeIUYHMX MapIIPYTiB.

3. BakuuHalisi 3HauHO 3HMXKYyBaJla pU3UK TSKKOTO Tie-
peoiry.

4. Cnocrepirajiocst 3poCTaHHSI €pUTPOITIOETUHOBOI pe-
3UCTEHTHOCTI, 1110 ITOTpeOy€E MOJATbIIMX JOCTiIKEHb.

5. 3anpoIoHOBaHy MOJIeIb OpraHi3allii MOXHa 3aCTOCY-
BaTU SIK NIPUKIIA] KPU3OCTIKOI HEDPOIOTIUHOI TPAKTUKH.

Konduaikr iHTepeciB. ABTOpU 3asiBJISIIOTH TIPO BifICYT-
HiCTh KOHQJIKTY iHTepeciB Ta BjacHOI (hiHAaHCOBOI 3alli-
KaBJICHOCTI ITPU MiATOTOBII JaHOI CTATTi.
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Organization of nephrological care for patients with terminal chronic kidney disease
and concomitant SARS-CoV-2 infection under martial law: a retrospective study (2022-2024)

Abstract. Background. Patients with chronic kidney disease
(CKD) are one of the most vulnerable populations during pan-
demics due to impaired immune response, frequent hospitaliza-
tions, and dependence on life-sustaining renal replacement the-
rapy. SARS-CoV-2 may directly affect renal structures via ACE2
receptors expressed in proximal tubules and indirectly through
systemic inflammation and hypercoagulability. In dialysis pa-
tients, COVID-19 is associated with increased risk of compli-
cations, erythropoietin resistance, and high mortality. Since the
beginning of the armed conflict in Ukraine in 2022, nephrologi-
cal care has been complicated by logistical disruptions, threats to
patient and provider safety, population displacement, resource
scarcity, and reduced access to essential care. Ukrainian sources
report adaptive strategies such as mobile dialysis teams, patient
relocation, and emergency care protocols. However, issues of
treatment effectiveness and clinical outcomes in CKD 5D pa-
tients with COVID-19 during wartime require systemic analysis.
The purpose was to analyze the course of COVID-19 and orga-
nizational aspects of nephrological care for patients with CKD

5D receiving maintenance hemodialysis under martial law condi-
tions in Ukraine. Materials and methods. A retrospective single-
center study included 31 CKD 5D patients with laboratory-con-
firmed SARS-CoV-2 infection receiving hemodialysis from 2022
to 2024. Data on clinical severity, mortality, changes in erythro-
poietin resistance, dialysis efficacy, vaccination status, and logis-
tic challenges were assessed. Results. The mean patient age was
64.2 + 10.8 years. Mild, moderate, and severe COVID-19 courses
were observed in 61.3, 25.8, and 12.9 % of patients, respectively.
Mortality reached 6.5 %. Severe cases were more frequent among
unvaccinated patients. Erythropoietin resistance increased in
45 % of cases. No dialysis interruptions occurred despite logisti-
cal difficulties related to wartime conditions. Conclusions. The
findings demonstrate the feasibility of maintaining effective ne-
phrological care in crisis settings. Vaccination and adaptive medi-
cal logistics contributed to lower complication rates and provided
the continuity of treatment.

Keywords: chronic kidney disease; hemodialysis; COVID-19;
SARS-CoV-2; erythropoietin; vaccination; martial law; Ukraine
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The growing concern of MDR/XDR bacteria
in patients undergoing dialysis:
a cross-sectional study

Abstract. Background. Dialysis patients are at heightened risk for multidrug-resistant (MDR) and extensively
drug-resistant (XDR) bacterial infections due to their vulnerability to infections and frequent exposure fo
healthcare environments. This study aims to determine the prevalence, risk factors, and antimicrobial
resistance patterns of these pathogens fo enhance patient care and infection control strategies. Materials
and methods. This cross-sectional study was conducted at the Al-Hussein Teaching Hospital Dialysis Unit in
Thi-Qar, Nasiriyah, Iraq, from September to December 2024, involving 121 dialysis patients. Data collected
from participants included demographic information, comorbidities, and dialysis-related parameters.
Microbiological analysis involved urine sample processing through bacterial culture, with bacterial
identification and anfimicrobial susceptibility testing performed using the VITEK 2 Compact system.
Results. The mean age of the study population was 55.0 £ 16.6 years, with a higher proportion of males
62.9 %). Diabetes mellitus was the most common comorbidity, affecting 70 % of patients either alone orin
combination with hypertension and cardiovascular disease. The culture positivity rate was 19.0 %, with E.coli
being the most frequently isolated pathogen (65.2 %), followed by K.pneumoniae (21.7 %) and E.cloacae
(13.1 %). Antimicrobial resistance festing revealed that 60 % of E.coli and all K.pneumoniae isolates were
MDR, while 40 % of E.coliand 33.3 % of E.cloacae were XDR. A significant negative correlation was observed
between dialysis duration and infection frequency (r = -0.2285, p = 0.0117), indicating a higher likelihood
of infections during the initial year of dialysis therapy. Conclusions. The findings underscore the high
prevalence of MDR/XDR bacterial infections among dialysis patients, particularly during the early stages
of freatment. This highlights the urgent need for enhanced infection contfrol measures, robust antimicrobial
stewardship programs, and regular surveillance within dialysis facilities. Targeted interventions are essential
to reduce infection-related morbidity and mortality among this vulnerable patient population.
Keywords: MDR; XDR; dialysis patients; chronic kidney disease

Introduction

Chronic kidney disease (CKD) is one of the leading global
challenges today, with increasing incidence of the disease due
to rising prevalence of diabetes, hypertension and increasing
life expectancy [1]. CKD is defined by the slow deterioration of
the kidney function and can eventually result in end-stage renal
disease (ESRD) where patient must undergo either dialysis or
kidney transplantation. Patient with CKD especially those on
dialysis are at high risk of infections because of their impaired
immune system, frequent hospital visits and the use of devices
such as central venous catheter and arteriovenous fistula |2, 3].

MDR and XDR bacterial infections are a major prob-
lem in dialysis patients worldwide. These infections lead to

higher rate of mortality, mortality, length of hospital stay and
cost of health care [4—6]. This is because patients on dialysis
are more likely to visit hospitals frequently, have weakened
immune system and be exposed to more invasive procedures
which make them have a high chance of having antibiotic
resistant pathogens WHO and CDC have classified MDR/
XDR bacteria as emerging threats to public health and
called for immediate surveillance and control measures to
contain their spread [7, 8].

Current evidence highlights the growing issue of multi-
drug resistance in dialysis-associated infections. A retro-
spective cohort study based on 1155 episodes of peritoneal
dialysis associated peritonitis (PDAP) showed that 12.6 %
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of the episodes were caused by multi-drug-resistant orga-
nisms. This article also established that prolonged dialysis
and history of PDAP were the factors that were associated
with worse outcomes and therefore suggested individualized
and expedite management of the condition [9]. In addition,
a cross-sectional study conducted among haemodialysis pa-
tients in Palestine investigated the resistance patterns of the
pathogens and found high frequency of resistance to methi-
cillin resistant Staphylococcus aureus, Escherichia coli carry-
ing extended spectrum beta lactases and Stenotrophomonas
maltophilia and thus accentuated the necessity of the ap-
propriate empirical coverage based on the susceptibility pat-
terns [10].

These studies, therefore, emphasis the necessity of sur-
veillance, specific antibiotic use, and active infection con-
trol measures to combat the effects of MDR/XDR bacterial
infections among dialysis care. However, there is limited
information on MDR/XDR bacterial infections in dialysis
patients around the world, including the Middle East such
as Iraq. With the growing incidence of CKD and the use of
dialysis in this region, there is a need to conduct region-
based studies to determine the prevalence of resistance pat-
terns, risks and outcomes. Hence, the cross-sectional study
was conducted to comprehensively assess the prevalence
and features of MDR and XDR bacterial infections among
patients on dialysis in a large urban healthcare system, with
the view of providing important information that may help
in the formulation of effective interventions to combat these
resistant bacteria in this high-risk group of patients.

The purpose. To determine the prevalence, risk factors,
and antimicrobial resistance patterns of these pathogens to
enhance patient care and infection control strategies.

Materials and methods
Study design and population

This cross-sectional study was carried out at the Al-
Hussein Teaching Hospital Dialysis Unit in Thi-Qar/Nasiri-
yah City, Iraq, which is a referral health facility that receives
patients of all ages. Thi-Qar is a Governorate located in the
southern part of Iraq and has an estimated population of over
2 million. The Dialysis Unit offers both inpatient and outpa-
tient dialysis services to meet the various needs of the patients.
121 patients who were on haemodialysis at the unit during the
period September-December 2024 were involved in the study.

Data collection

With a thorough extraction process, the hospital’s elec-
tronic medical records provided comprehensive clinical and
demographic data. The collected data spanned across mul-
tiple areas including age, gender, comorbidities (diabetes,
hypertension, cardiovascular disease), dialysis modality and
duration, dialysis session frequency and current symptoms.
A meticulous data collection process was established to en-
sure that it covered the entire patient population which was
crucial for subsequent analysis.

Microbiological analyses
Urine samples from all study participants were used to
determine the prevalence as well as characteristics of MDR

and XDR bacterial infections. In line with the study’s objec-
tives, all participants’ urine samples were processed at the
hospital’s microbiology laboratory following the guidelines
of the Clinical and Laboratory Standards Institute (CLSI).
The urine samples were cultured on different type of culture
medias such as Blood agar, MacConkey agar, and Manni-
tol Salt agar to isolate bacteria. Biochemical testing, Gram
staining and colony morphology were used for initial bacte-
rial identification. The VITEK 2 Compact system (bioMéri-
eux, Marcy-I’Etoile, France) was used to perform AST for
all bacterial isolates. Antibiotic susceptibility over a broad
spectrum of antibiotics was determined. The susceptibility,
multidrug resistance (MDR), and extensive drug resistance
(XDR) categories were defined by CLSI and EUCAST
guidelines.

Statistical analysis

All data analyses were carried out using GraphPad Prism
(version 10). Patient characteristics and bacterial resistance
data were expressed through descriptive statistics, including
mean, median, and standard deviation. The association
between clinical variables and MDR/XDR bacterial infec-
tions was evaluated using univariate analysis, including the
chi-square test, and Fisher’s exact test. Multivariate logistic
regression was applied to determine the independent risk
factors while controlling for potential confounders like age,
dialysis duration, and comorbidities. A p-value < 0.05 was
set as the threshold for statistical significance.

Ethical considerations

The study protocol was approved by Institutional Re-
view Board (IRB) of Al-Hussein Teaching Hospital with the
approval number [252/2024]. The ethical guidelines such
as the Declaration of Helsinki were adhered to in order to
protect the patient’s confidentiality and data protection.
All participants or their legal guardians signed a written in-
formed consent form before including them in the study.

Results
Patient demographics and age distribution
Analysis of the age distribution among dialysis patients
revealed distinct patterns within the study cohort. The high-
est frequency was observed in the 61—70 age group, com-
prising 35 patients, representing nearly one-third of the total
population (Fig. 1A). The mean age of the study population
was 55.0 + 16.6 years, with a median age of 58.0 years. The
slight left skew in the age distribution suggests a greater pre-
sence of younger outliers, including paediatric and young
adult patients. The unimodal distribution pattern showed a
gradual increase in patient frequency, peaking in the mid-
dle-age range, followed by a decline in elderly patients. The
demographic data also showed sparse representation across
both the 0—30 and 80+ years categories. The smooth ker-
nel density estimation (KDE) curve mirrored the histogram
bars, again showing a single mode in the distribution and
rather nicely capturing the age trends within the dialysis
population. Gender distribution showed approximately
equal numbers of patients with 64 males (52.9 %) and 57 fe-
males (47.1 %). The results of descriptive statistics revealed
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that the male patients were 56.0 £ 15.1 years of age, with a
median of 59.0 years while female patients were somewhat
younger with a mean age of 53.9 + 18.3 years, a median of
57.0 years. The cumulative age distribution analysis revealed
that female patients exhibited a wider age range compared
to males, as evidenced by the broader interquartile range
(Fig. 1B). Despite these variations, the cumulative distri-
bution curves showed substantial overlap between genders,
indicating similar overall age structures within the dialysis
patient population.

Comorbidities and symptoms in dialysis patients

The prevalence of comorbidities among dialysis patients
demonstrated a complex distribution of concurrent medical
conditions (Fig. 2A). Diabetes mellitus (DM) was the most
common single comorbidity, affecting 28 patients (24.6 %),
followed closely by the combination of diabetes mellitus and
hypertension (DM + HTN) in 27 patients (23.7 %). A no-
table subset of 25 patients (21.9 %) had a triple combination
of DM, HTN, and cardiovascular disease (CVD), highligh-
ting the burden of multiple comorbidities. Additionally, 23
patients (20.2 %) had only hypertension, while 11 patients
(9.6 %) had CVD alone. Overall, 70 % of the patients had
diabetes, either alone or in combination with other condi-
tions, underscoring its dominant role in the comorbidity
profile.

The symptoms reported by patients were diverse
(Fig. 2B). The most common presentation was a combina-
tion of symptoms described as multiple (34 patients), fol-
lowed by fever, reported by 20 patients. Single symptoms
such as flank pain and dysuria were observed in 13 and 12
patients, respectively, while specific combinations like dys-
uria with flank pain were noted in 7 patients. This detailed
arrangement, ordered by frequency, provides a clear picture
of the relative prevalence and potential clinical significance
of each symptom profile. The box plot analysis revealed that
patients with more complex comorbidity profiles tended to
have a longer duration on dialysis compared to those with
a single condition (Fig. 2C). This suggests a potential cu-
mulative impact of multiple chronic conditions on the pro-

gression of renal failure and the need for prolonged dialysis
therapy.

The analysis of dialysis duration across different symp-
tom groups revealed considerable variability (Fig. 2D). Pa-
tients presenting with dysuria and fever had the longest me-
dian dialysis duration (46.0 months), followed by oedema
(38.0 months) and dysuria alone (37.5 months). In contrast,
patients experiencing flank pain had the shortest median du-
ration (20.0 months). The largest subgroup, which consisted
of 34 patients with multiple symptoms, had a moderate me-
dian of 26.5 months. The Kruskal-Wallis test did not show
any statistically important differences between symptom
groups (p = 0.799) which means that, differences in dialysis
duration were more likely to be attributed to patient factors
rather than to symptom profiles. These findings point to the
complex relationship between the presence of comorbidities
and dialysis related symptoms, thus stressing the importance
of individualized approaches for dialysis patients’ manage-
ment. Statistical analyses presented here reveal a strong as-
sociation between the burden of comorbidities, the nature of
current symptoms and the duration of dialysis. The results of
this study suggest that patients with multiple comorbidities
and certain symptoms are likely to be on dialysis for a longer
period, which opens further research on multivariate analy-
sis to understand the determinants of the pathways and to
develop specific interventions in clinical practice.

Dialysis treatment patterns and duration analysis

Analysis of dialysis frequency showed that most patients
(67.8 %) underwent dialysis three times per week, while
32.2 % received dialysis twice weekly (Fig. 3A). The me-
dian dialysis duration was 30 months for the thrice-weekly
group and 25 months for the twice-weekly group. Although
the Kruskal-Wallis test yielded a p-value of 0.799, indica-
ting no statistically significant difference in dialysis duration
between frequency groups, individual variability was notable
(Fig. 3B). These findings emphasize the predominance of
thrice-weekly dialysis regimens, and the importance of in-
dividualized treatment approaches that account for patient-
specific factors beyond just dialysis frequency.
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Figure 1. The age distribution of dialysis patients. A. The histogram and kernel density plot depict a unimodal
age distribution, with a distinct peak in the 61-70 age group. B. The cumulative distribution curves illustrate
the age patterns of dialysis patients by gender, indicating substantial overlap between males and females
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Prevalence of bacterial infections (57.61 £ 16.71 years, median 60 years, range 24—86 years)
and associated clinical outcomes compared to those with negative cultures (54.39 + 16.64

Of the 121 patients analysed, 23 (19.0 %) had culture-  years, median 58 years, range 8—90 years), but the Mann-
positive results, while 98 (81.0 %) had negative cultures. Pa- ~ Whitney U test revealed no statistically significant diffe-
tients with positive cultures had a slightly older mean age  rence in age distribution (p = 0.4632) (Fig. 4A).
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Figure 2. Comorbidities and symptomatology in dialysis patients. A. The distribution of comorbidities among
patients presents the prevalence of diabetes mellitus, hypertension, and cardiovascular disease, either alone
or in combination. B. The frequency of various symptom profiles observed in dialysis patients, ordered by
decreasing prevalence. C. The boxplots illustrate the relationship between comorbidity complexity and dialysis
duration, indicating longer dialysis duration for patients with multiple comorbidities. D. The variability in dialysis
duration across different symptom groups, with dysuria and fever presenting the longest median duration
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Figure 3. Dialysis treatment patterns and duration. A. The distribution of dialysis frequency, showing that 67.8 %
of patients received dialysis three times per week, while 32.2 % were treated twice weekly. B. The boxplots
illustrate the median dialysis duration for the two dialysis frequency groups, with the thrice-weekly group having
a slightly longer median duration, although the difference was not statistically significant
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Figure 4. Prevalence of bacterial infections and associated outcomes. A. The distribution of culture-positive,
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Analysis of culture out-
comes by symptom ca-
tegory revealed that patients
with flank pain, dysuria plus
chest pain, and oedema had
the highest rates of positive
cultures (30.8—50.0 %),
whereas those with dysuria
plus flank pain and dysuria
plus oedema had the lowest
rates (14.3 %) (Fig. 4B).
Comorbidity analysis sho-
wed that patients with
diabetes had the highest
rate of positive cultures
(25 %), followed by those
with DM + HTN + CVD
(24 %). No positive cultures
were observed in patients
with only CVD (Fig. 4B).

Further analysis showed
that dialysis duration sig-
nificantly  differed be-
tween culture-positive and
culture-negative  patients
(Fig. 4C). The negative
culture group had a lon-
ger mean dialysis duration
(32.4 £ 16.6 months, me-
dian 33.0 months) com-
pared to the positive culture
group (22.5 £ 17.1 months,
median 23.0 months). This
difference was statistically
significant (Mann-Whitney
U = 1497.0, p = 0.0146),
suggesting a protective ef-
fect of longer dialysis du-
ration against positive cul-
tures. A significant negative
correlation (r = —0.2285,
p = 0.0117) was observed
between dialysis duration
and culture positivity, rein-
forcing this association. The
highest proportion of posi-
tive cultures was seen in pa-
tients within their first year
of dialysis (34.78 %), with
a steady decline in subse-
quent years (Fig. 4D). The
lowest rate (8.70 %) was
recorded among patients
who had been on dialysis for
49—60 months. These fin-
dings suggest that the first
year of dialysis represents a
high-risk period for bacte-
rial infections, warranting
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Figure 5. Microbial profile and antimicrobial resistance patterns. Antimicrobial
susceptibility profiles for the three most prevalent pathogens: E.coli, K.pneumoniae,
and Enterobacter cloacae complex
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enhanced monitoring and
targeted interventions du-
ring this critical phase.

Microbial profile
and antimicrobial
resistance patterns
Among 23 culture-
positive samples, the most
frequently isolated patho-
gens were  Escherichia
coli (65.2 %), Klebsiella
pneumoniae (21.7 %), and
Enterobacter cloacae com-
plex (13.1 %). Antimicro-
bial susceptibility testing
revealed high resistance
rates. E.coli showed 93.3 %
resistance to beta-lactams
but retained 100 % sus-
ceptibility to carbapenems
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Figure 7. Multidrug resistance and extensively drug resistance in dialysis patients. A. Percentage of MDR
and XDR isolates among the most prevalent pathogens. B. Comparison of age distributions between patients
with MDR and XDR patterns. C. Distribution of dialysis frequency (number of sessions per week) for MDR
and XDR groups. D. Comparison of dialysis duration between MDR and XDR groups
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acid, cefazolin, ciprofloxacin, and trimethoprim/sulfa-
methoxazole (Fig. 5C). E.cloacae isolates had 100 % resis-
tance to beta-lactams but were 100 % susceptible to fosfo-
mycin (Fig. 5B).

The extent of multidrug resistance and extensively drug
resistance among bacterial isolates from dialysis patients
was also examined. Multidrug-resistant (MDR) strains
were identified in 60 % of E.coliand 100 % of K.pneumoniae,
while extensively drug-resistant (XDR) strains were found
in 40% of E.coli and 33.3 % of E.cloacae (Fig. 7A). These
findings underscore the urgent need for antimicrobial ste-
wardship and targeted infection control strategies in dialy-
sis patients. The analysis of age distribution by resistance
pattern revealed notable trends (Fig. 7B). Patients with
XDR patterns had a higher mean age (63.7 years) com-
pared to those with MDR patterns (54.9 years). The pie
charts reveal distinct patterns in dialysis frequency for both
MDR and XDR groups (Fig. 7C). In the MDR group,
68.75 % of patients undergo dialysis 3 times per week, while
31.25 % receive treatment 2 times per week. Similarly, the
XDR group shows a comparable distribution, with 71.43 %
of patients on a 3-times-per-week schedule and 28.57 %
on a 2-times-per-week schedule. The study also analysed
dialysis duration patterns between patients with MDR
(n = 16) and XDR (n = 7) resistance patterns (Fig. 7D).
Patients with XDR demonstrated a longer mean dialysis
duration (27.4 £ 15.0 months) compared to those with
MDR (20.3 = 18.0 months). The median dialysis duration
was 28.0 months (IQR: 20.5—39.5) in the XDR group and
15.5 months (IQR: 6.5-26.5) in the MDR group. While
the XDR group showed a trend toward longer dialysis re-
quirements.

Discussion

Our research offers important insights and knowledge
regarding the rate of multidrug-resistant (MDR) and ex-
tensively drug-resistant (XDR) bacterial infections, their
antimicrobial resistance patterns and clinical implications
in dialysis patients. The results show the trends in popula-
tion, co-morbidities and the burden of antibiotic resistance
in this at-risk population, which calls for improvement in
infection control measures and antibiotic stewardship pro-
grams. The current investigation found that middle-aged
individuals are most likely to be on dialysis, with the high-
est frequency in the 61—70 years age group. This agrees
with other studies that have shown that CKD and ESRD
mainly affect older people because they have other chronic
diseases like diabetes and hypertension [11]. There was
near equal distribution of gender, however, the female pa-
tients had more age dispersion indicating that dialysis was
started at different stages of the disease in women. These
demographic findings therefore highlight the need for de-
veloping treatment plans that are appropriate for the aging
dialysis population.

The high prevalence of diabetes (70 %) as either a sin-
gle comorbidity or in combination with hypertension and
cardiovascular disease supports the notion that diabetes is
a major risk factor for the progression of CKD and the
need for dialysis. This is in harmony with the global li-

terature that has identified diabetes as one of the leading
causes of ESRD. The presence of multiple comorbidities
in nearly half of the patients demonstrates the complexity
of managing dialysis patients and the importance of mul-
tidisciplinary care plans [3, 12]. The results of our analy-
sis revealed that most patients received dialysis treatment
three times per week, while a smaller number of patients
received dialysis treatment twice per week. Even though
dialysis frequency did not affect the infection risk sig-
nificantly, we noticed an inverse relation between dialysis
duration and bacterial infections. Another finding is that
patients in their first year of dialysis were most at risk for
infections, with culture positivity rates decreasing with
increasing duration of dialysis. These findings, therefore,
suggest that there is a need to enhance infection preven-
tion measures especially in the initial period of dialysis
treatment.

The overall culture positivity rate was 19 % for bac-
terial infections among dialysis patients. Among culture
positives, the most common pathogens were identi-
fied as Escherichia coli (65.2 %), Klebsiella pneumoniae
(21.7 %), and Enterobacter cloacae complex (13.1 %).
This is in agreement with other studies which have estab-
lished Gram-negative bacteria as the most common cause
of blood and urinary tract infections in dialysis patients
[13—16]. The most important issue is the role of biofilm
formation in catheter related infections. For instance,
K.pneumoniae and E.cloacae are bacteria that can form
biofilms which increases their antibiotic resistance and
leads to chronic infections in dialysis patients. Further
work should be done to reduce this risk, for instance,
through the use of antimicrobial coated catheters and
agents that disrupt biofilms [17, 18].

The correlation between comorbidities and infection
rates was particularly significant. Among the participants,
diabetic patients showed the highest rate of culture-posi-
tive results (25 %) which is consistent with the literature
that states hyperglycaemia, compromises the immune sys-
tem, and increases the risk of infections [19, 20]. These re-
sults therefore suggest that there is a need for early screen-
ing and targeted interventions in diabetic dialysis patients.
What is curious about this result is that high prevalence of
antimicrobial resistance. MDR bacterial strains have been
identified in 60 % of E.coli isolates whereas K.pneumoniae
showed 100 %, while the XDR bacterial strains were ob-
served in 40 % of E.coli and 33.3 % of E.cloacae. The most
important result was that the prevalent of resistance to be-
ta-lactams and fluoroquinolones is concerning, since these
antibiotics are commonly used in dialysis units. However,
carbapenems and fosfomycin were effective against most
of the isolates, thus one can consider them as poten-
tial options for the treatment of severe infections. Other
similar trends have also been reported in other studies [4,
21] which highlights the increasing burden of antimicro-
bial resistance in dialysis populations world-wide. Hence,
carbapenems, fosfomycin, and aminoglycosides should be
used to treat severe infections, and beta-lactams and fluo-
roquinolones should be used only when there is suscepti-
bility testing available.
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Conclusions

The significant burden of MDR/XDR infections in
dialysis patients underscores the urgent need for specia-
lized infection control measures. To address this, rou-
tine MDR/XDR screening should be implemented for
all dialysis patients, particularly during the first year of
treatment. Additionally, robust antimicrobial steward-
ship programs must be established to regulate the use of
broad-spectrum antibiotics and enhance surveillance
of antimicrobial resistance in dialysis units — espe-
cially in the Middle East, where regional data remains
limited.
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3pocrtatoya sarpo3a MDR/XDR 6akTepin y nauieHTiB, sKi nepe6yBatoTb HA AiCAI3i:
nonepeyHe AOCAIAXEHHS

Pe3iome. Akryanbnicts. ITauieHTH, SKi NPOXOAATD Aialli3, MAIOTh
MiIBUIIEHUI PU3UK PO3BUTKY OaKTepialbHUX iH(MEKIii, CTIMKIX
0 MHOXMHHUX Jikapcbkux 3aco0iB (MDR) ta ekcrpemanbHO
CTIlKUX 10 Jlikapchbkux 3aco0iB (XDR), uepes iXHIO CXWIBHICTD 10
iH(eKIIii Ta YaCTUiT KOHTAKT i3 MEIMYHUMU 3aKaagamu. MeTa: Bu-
3HAYUTH PiBEHb MMOIIMPEHOCTI, (PaKTOpU PUHMKY i aHTMMIKpOOHi
podiTi pe3UCTEHTHOCTI LIMX TTATOTEHIB JIJIST TIOJITIIIICHHST TOTJISITY
3a MMali€HTaMM Ta OITUMI3allil 3aX0IiB 1100 KOHTPOJIIO iH(EKIIiit.
Martepiamm Ta meToau. Lle monepeyHe TOCTITKEHHS TPOBOAMIO-
cs y BimnizeHHi nianizy HaBuanibHOI JiKapHi Asb-XycceliH MicTta
Ti-Kap/Hacipis (Ipak) y nepion 3 BepecHsl 110 rpyneHb 2024 poky.
VY nmocmimkeHHi B3sgB yJacTh 121 mauieHT Ha miamisi. Bymo 3i0pa-
Ho aemorpadiuHi aaHi, iH(popmallilo Ipo CYIyTHi 3aXBOPIOBaHHS
Ta mapaMeTpu, TOB’s3aHi 3 miaixizom. MikpoOiosoriyHuii aHati3
BKJTIOYaB 00pPOOKY 3pa3KiB cedi METOIOM 0aKTepialbHOTO TTOCIBY,
a i ineHTudikaii 6akTepiii i TecTyBaHHS Ha YyTJIUBICTH IO aH-
TUMIKpOOHUX MpenapartiB BuKopucTtoByBanacs: cuctema VITEK
2 Compact. Pesyabratu. Cepenniii BiK yJ4aCHUKiB CTaHOBUB
55,0 = 16,6 poky, 4osoBikiB OyJ10 Oiibiue (52,9 %), HiX XiHOK.
HalinmommpeHilnoo CyIyTHbOIO MAaTOJIOTi€0 OYB LIYKpOBMIl Iia-
Oer, sikuii Bpaxas 70 % maiiieHTiB a00 OKpeMo, a00 B KOMOiHaLIil 3

TiNEePTOHIYHOIO XBOPOOOIO Ta CEPLIEBO-CYAMHHUMM 3aXBOPIOBAH-
Hsamu. Yactora mo3uTuBHUX TOCiBiB craHoBwiIa 19,0 %, npuyo-
My E.coli Gyna HailOLIbII TOMMpPEeHUM 30yaHUKOM (65,2 %), naini
vinun K.pneumoniae (21,7 %) ta E.cloacae (13,1 %). TectyBaHHS
Ha Pe3UCTEHTHICTh MoKa3zaso, 1o 60 % izonsriB E.coli Ta Bci i30-
natu K.pneumoniae 6ynu MDR, toni sik 40 % E.coli Ta 33,3 %
E.cloacae 6ynu XDR. BaxiuBo, 1110 icHyBasa HeraTMBHa KOpeJisi-
11ist MiXX TPUBAJICTIO Aiani3y i yactororo iHdekii (r = —0,2285,
p = 0,0117), wo cBimuuTh Npo Te, 110 iHbeKUil YacTillle BAHUKA-
10Th y MEPLIMI piK aianizHoi Teparii. BUCHOBKHU. PesynbraTit min-
KpecoloTh 3HauHy nowupeHictb MDR/XDR 6akrepianbHux iH-
dexiIiii cepen MALIEHTIB, SIKi OTPUMYIOTB Jialli3, 0COOIMBO Ha paH-
HiX eTamax JikyBaHHs. Lle 00yMOBII0€ HEOOXiMHICTh MOJIMILIEHHS
3aXO[IiB LIOI0 KOHTPOJIIO iH(MEeKIIili, BIPOBAIKEHHS ¢(heKTUBHUX
MpoTpaM pallioHAJIbHOTO BUKOPHMCTAHHSI aHTUOIOTHKIB Ta pery-
JIIPHOTO eTIiIeMiOJIOTiYHOIO HAIJISIAY B Miali3HUX LIeHTpax. Baxk-
JIMBO pO3pOo0OUTH crieliniuHi 3aX0A1, CIIPSIMOBAHI HAa 3MEHIIIEHHST
3aXBOPIOBAHOCTI 11 CMEPTHOCTI, ITOB’sI3aHMX 3 iH(EKIIISIMU, Cepejl
Li€T Bpa3/IMBOI IPyNU MaLiE€HTIB.

Kiouosi cioBa: MDR; XDR; mauieHTu Ha [iamisi; XpoHiuHa
XBOp0O0Oa HUPOK
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Association of TLR4 expression
and genomic instability with renal function
markers in diabetic nephropathy

Abstract. Background. Diabetic nephropathy is a serious side effect of both type 1 and 2 diabetes
mellitus. Toll-like receptor 4 (TLR4), the first identified and most extensively studied member of the TLR
family, has been implicated in the development of various renal diseases such as acute kidney injury, renal
ischemia-reperfusion injury, and glomerulonephrifis. The purpose of this study was fo assess the expression
of TLR4 in relation to inflammation in diabetic patients with and without renal failure, to discuss the role of
these receptors in the development of diabetic nephropathy, and fo highlight chromosomal, nuclear,
and biochemical changes (urea and creatinine) in patients with renal failure and diabetes. Materials
and methods. The dialysis unit housed 40 healthy controls, 40 patients with diabetic mellitus, 40 with
nephropathy, and 40 with diabetic nephropathy. This study was conducted from October 2024 to January
2025. Blood samples (5 ml) were collected from patients and healthy individuals and distributed info tubes
for gene expression, chromosomal aberration, and micronucleus frequency, the remaining — to evaluate
the renal function. Results. Parficipants with nephropathy and diabetic nephropathy have significantly
higher TLR4 gene expression in their blood than healthy individuals. Patients with diabetes, nephropathy, or
diabetic nephropathy were found fo have more micronuclei and chromosomal aberrations. Significantly
increased serum urea and creatfinine levels have also been observed in patients with nephropathy and
diabetic nephropathy. Conclusions. TLR4 expression increases: the percentage is lowest in healthy people
(8.927), higher in diabetic (18.31), and nephropathy patients (17.352), and highest in those with diabetic
nephropathy (27.158). Chromosomal abnormalities are associated with diabetic nephropathy and
impaired renal function.

Keywords: diabetic nephropathy; TLR4 gene expression, genetic biomarkers renal function, dialysis

Introduction

Diabetic nephropathy (DN) is one of the most serious
and prevalent side effects of DM. This is associated with
higher rates of death and morbidity in patients [1, 2]. Af-
ter 15 years of illness, less than half of patients acquire true
nephropathy, while 20—30 % of individuals develop micro-
albuminuria [3]. Today, diabetes mellitus is a serious health
problem that has gotten out of control. Globally, diabetes
affects more than half a billion people, with type 2 diabe-
tes being the most common. One of the top ten causes of
death worldwide in 2019 was DM, which was estimated to
be responsible for 6.7 million deaths worldwide in 2021 [4,
5]. Insulin is involved in an anabolic pathway. Hormones
that have cardinal roles in glucose homeostasis, cell growth,
and metabolism [6]. TLR4 is essential for chronic kidney

disease (CKD) and infection-related renal disease disorders
such as pyelonephritis caused by UTIs [7]. TLR4 plays a
pivotal role in activating the inflammatory response via the
NF-kB pathway, leading to intense production of inflam-
matory cytokines and free radicals. This chronic oxidative
environment, resulting from TLR4 activation, contributes
to DNA damage, manifested by abnormal sister chromatid
exchange, micronuclei, and chromatid breaks. DNA can be
degraded by reactive oxygen species (ROS), such as oxygen
(0), OH-, and (HO) [8, 9]. Concurrently, this inflammatory
process and oxidative stress lead to progressive deterioration
of renal function, reflected in elevated urea and creatinine
levels. Furthermore, renal failure increases the accumula-
tion of free radicals and metabolic toxins, exacerbating
oxidative stress and genetic damage and thereby forming
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a vicious cycle [10]. In addition, it is evident that diabetic
patients frequently have an impaired DNA repair mecha-
nism and diminished antioxidant capacity. Damage to mi-
tochondrial DNA caused by free radicals produced in the
mitochondria results in organelle malfunction [11].

The purpose of this study was to assess the expression
of Toll-like receptors (TLR4) in relation to inflammation
in diabetic patients with and without renal failure, discuss
the role of these receptors in the development of diabetic
nephropathy (DNP), and highlight chromosomal, nuclear,
and biochemical changes (urea and creatinine) in patients
with renal failure and diabetes.

Materials and methods
Ethical approval
This study was approved by the Ethical Committee of

the Department of Biology Sciences, University of Thi-Qar
(no. 66, date: 10/10/2024).

Study design and setting

In this prospective study, 2 ml of blood from patients ad-
mitted to the dialysis unit of Imam Hussein Hospital and
the consulting laboratories was placed in an EDTA tube to
extract gene expression and measure chromosomal aberra-
tions and micronucleus frequency. Blood (3 ml) were placed
in a gel tube to assess renal function. Out of the total 160
individuals, 40 healthy control group, 40 cases with diabetes
mellitus, 40 cases with nephropathy, and 40 cases with dia-
betic nephropathy (Fig. 1).

Molecular study

RNA isolation from blood

Total blood RNA was extracted using the TRIzol kit.
Transcribed cDNA was synthesized using an RT PreMix

kit (Bioneer, Korea). The total RNA concentration was
determined using nanodrops. Integrity requirements were
met by the extracted RNA at a ratio of approximately 2.0
(280/260A). Approximately 10 L of total RNA concentrate
was used for cDNA synthesis [12].

Quantification of TLR4

The Exicycler 96 Real-Time Quantitative Thermal Block
(Bioneer, Korea) and Accu Power® Greenstar gPCR Pre-
Mix reagent kit (Bioneer, Korea) were used for gqRT-PCR
analysis. According to Zhang et al., 2024 [13], the SYBR
Green-based qRT-PCR PreMix reagent kit was designed
to quantify PCR amplification copy numbers in relation
to genomic DNA qRT-PCR standard curve copy numbers
and to amplify cDNA for target genes (TLR4 gene) using its
primers (F = 5'-ATATTGACAGGAAACCCCATCCA-3'
and R = 5-AGAGAGATTGAGTAGGGGCATTT-3') at
300bp and the GapdH Housekeeping gene (F = 5'-GAGC-
CACATCGCTCAGACAC-3' and R = 5'-CATGTAGTT-
GAGGTCAATGAAGG-3" at 150bp).The kit’s Green dye
is a DNA-binding dye that reacts with fresh copies of the
target and housekeeping gene’s amplification-specific sec-
tion. Fluorescent signals were captured using an RT-PCR
thermocycler.

The ACT method with a reference gene was used as the
following equations:

ACT (test) = CT (target, test) — CT (ref, test).

AACT = ACT (test) — ACT (calibrator).

Fold change = 2-44€T,

Ratio (reference/target) = 2CT (reference) = CT (tareet)

Therefore, relative expression was divided by the expres-
sion value of the chosen calibrator for each expression ratio
of the test sample.

,

4 \

{

160 individuals
enrolled

Grouped

Cytogenetic examinations

Chromosomal aberration assay

Blood culture 16 drops of blood were
added to each tube containing five millili-
ters of the (RPMI 1640) medium during the
sterile process of blood transplantation in the
research laboratory of the College of Science
at the University of Thi-Qar. The contents

4 N\ 4
40 healthy
control

\

of each tube were thoroughly mixed before
being added to a previously prepared culture
(0.3 ml of PHA), tightly sealed, and incuba-
ted for 72 h at 37 °C in an inclined position.

40 DM+NP

N

5 mlblood collected
/ \
\ Molecular Study

7

(
| Quantification of TLR4 |
|

| .
i Chromosomal aberration

P

The tubes were gently shaken at least twice
every 24 h. The cells were prepared using the
method described in [14].

) Micronuclei examination

Remal | Al-Sabti (1986) determined the num-
ber of micronuclei [15]. After drying the
blood smear on a glass slide, methanol was
used to fix it for ten minutes, and Giemsa
stain was used to dye it for 30 min. The
prepared slides were examined at 40x. The
number of micronuclei was calculated in

function tests !
jl

Figure 1. Flowchart of the study design

1000 cells [16].

66 Hupium,

Kidneys Tom 14, N2 2, 2025



OpuwuriHaabHi ctarti / Original Articles

Biochemical tests

Using a ready-made analysis kit from the French-origin
Biolabo, the concentrations of a number of biochemical in-
dicators in the groups under study were determined, inclu-
ding the assessment of creatinine and urea concentrations
in blood serum [17]. Chromatography and absorption mea-
surements are the foundations of this technique. An optical
spectrometer was used for optical purposes [18].

Statistical analysis

The Statistical Package for the Social Sciences (SPSS,
IBM version 20.0) was used to analyze the data using one-
way ANOVA. The findings are displayed as mean =+ standard
error (SE). Statistical significance was set than 0.05, it was
deemed statistically significant [19].

Results
Molecular study

The distribution of TLR4 expression between patient
and healthy groups, as shown in Fig. 2. It was noted that
the gene expression (TLR4) in nephropathy and diabetic
nephropathy was the most prevalent among all groups and
showed a significant increase (P < 0.05) compared to other
groups, with the percentage in healthy people was (3.927),
diabetic patients (18.31), and nephropathy (17.352), while
diabetic nephropathy was (27.158), which was the most
prevalent among the groups, and the healthy group was the
least prevalent.

Cytogenetic examinations

Chromosomal aberration

In Table 1, it is noted that there is an increase in the rate
of chromosomal aberrations in patients with diabetes melli-
tus and diabetic nephropathy compared to the healthy group.

Micronucleus frequency

In Table 2, it is noted that there is an increase in mi-
cronucleus frequency in patients with diabetes mellitus and
diabetic nephropathy compared to the healthy group.

Renal function parameters

Urea levels

As can be seen in Table 3, urea had significantly higher
values (P < 0.05) in diabetic nephropathy patients and ne-

30
20
10
ol 1 . .
Control DM Nephropathy DN

Figure 2. Relative mRNA expression of TLR4

phropathy patients compared to diabetic patients and the
healthy group. In addition, the overall means of the samples
confirmed that the nephropathy and diabetic nephropathy
groups had significantly higher urea levels than the healthy
and diabetic groups, indicating that these conditions have
an effect on kidney function.

Creatinine level

The two groups differed significantly (P < 0.05), as
shown in Table 4. Nephropathy patients had the highest sig-
nificant creatinine levels (P < 0.05) among the other groups,
while the control group had the lowest. Nephropathy and
diabetic nephropathy patients had significantly higher cre-
atinine levels than control and DM patients. This suggests
that nephropathy affects kidney function.

Discussion

TLR4 gene expression is significantly higher in patients
with nephropathy and diabetic nephropathy compared with
the other groups and healthy controls. These results are
consistent with those of earlier investigations [20]. TLR4
protein levels in the glomeruli and tubule interstitium were
considerable higher in patients with macroalbuminuria and
overt DN than in healthy disease-free controls.

This form of nephropathy may be facilitated by in-
creased TLR4 activation. TLR4 has emerged as a critical
mediator in the pathogenesis of diabetic nephropathy (DN)
and its expression is significantly upregulated in renal tis-
sues. Chronic hyperglycemia plays a pivotal role in this
process by promoting the accumulation of advanced glyca-
tion end-products (AGEs) and enhancing oxidative stress,
both of which serve as potent inducers of TLR4 expression
through the activation of the NF-kB signaling cascade. Cel-

Table 1. Chromosomal aberration rates (CA/100 cells)
in the blood of healthy control, DM, nephropathy
and diabetic nephropathy patients

Groups Mean = SD
Control 0.02+0.00b
Diabetes mellitus 0.09 +0.04 a
Nephropathy 0.08 £0.02 a
Diabetic nephropathy 0.10+0.02 a
LSD 0.01

Note (here and in Table 2): SD — standard deviation.

Table 2. Micronucleus frequency in the blood
of healthy, DM, nephropathy and diabetic nephropathy

patients
Groups Mean SD SE
Healthy 3.9500 ¢ | 2.80978 | 0.44427
Diabetes mellitus 10.075b | 3.88546 | 0.61435
Nephropathy 11.025 ab | 3.40051 | 0.53767
Diabetic nephropathy 15.050 a | 2.41735 | 0.38222
LSD 4.975
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Table 3. Serum urea levels (mg/dL) in control group, diabetes mellitus, nephropathy
and diabetic nephropathy patients

. . Diabetic
Control Diabetes mellitus Nephropathy nephropathy LSD
29.11 +1.21aD 49.60 + 1.67 cC 112.00 + 6.95 cB 120.27 + 9.72 cA 5.21

Notes (here and in Table 4): different capital letters denote significant differences (P < 0.05) between groups;
different lowercase letters indicate significant differences (P < 0.05) between the age groups of the same

group.
Table 4. Serum creatinine levels (mg/dl) in control group, diabetes mellitus, nephropathy,
and diabetic nephropathy patients across different age categories
. . Diabetic
Control Diabetes mellitus Nephropathy nephropathy LSD
3.36 £ 0.40 3.57 £ 0.25 aB 9.94 + 0.61 bA 8.50 = 1.09 aA 1.012

lular injury within the diabetic kidney leads to the release of
damage-associated molecular patterns (DAMPs), including
high-mobility group box 1 (HMGB1), fibrinogen, and heat
shock proteins, which are known ligands for TLR4. These
ligands further amplify inflammatory signaling independent
of microbial infection. Innate immunity may play a role in
the onset and progression of diabetic nephropathy (DN),
even though DN has long been thought to be a nonimmune
disease [20, 21]. Aly et al. (2020) found that TLR4 expres-
sion is higher in diabetic patients with renal failure than in
non-diabetic individuals. This was associated with lower
HOMA-IS values, which indicate insulin sensitivity, and
higher HOMA-IR values, which indicate insulin resistance.
Meanwhile, the serum levels of inflammatory cytokines such
as TNF-a, IL-6, and IFN- are greater in diabetic individu-
als with end-stage renal disease (ESRD) [22]. These cor-
relations show how TLR4 contributes to the development of
inflammation and insulin resistance, which can cause kid-
ney disease to worsen and eventually result in end-stage re-
nal disease (ESRD) and renal failure [23]. Yang et al. (2014)
argued that TLR4 activation may not be a primary causal
event, but rather a downstream effect of the broader meta-
bolic disturbances characteristic of diabetes, including oxi-
dative stress, chronic hyperglycemia, and the accumulation
of advanced glycation end-products (AGEs). According to
this view, upregulation of TLR4 reflects an already activated
inflammatory milieu rather than an initiating factor. Such
interpretations suggest that TLR4 may serve as an amplifier
of renal injury rather than a root cause [24, 25].

Diabetic nephropathy (DN) is influenced by various
genetic factors. The development of DN is significantly in-
fluenced by genetic and structural variations, as well as epi-
genetic modifications. In addition to the nuclear genome,
mitochondrial DNA (mtDNA) is essential for controlling
DN development [26]. Several studies have demonstrated
the presence of chromosomal damage and micronuclei in
patients with diabetes and diabetic nephropathy. Micronu-
clei and chromosomal aberrations were more common in
diabetic nephropathy and diabetes patients than in the con-
trol group in the current study. These results are in line with
those of previous studies [27, 28]. Chronically high levels
of inflammation are associated with poor blood lipid pro-
file, insulin resistance, obesity, and insufficient blood glu-

cose management. Chronic inflammation increases oxida-
tive stress, which can lead to oxidative DNA damage and
further enhance genomic instability by increasing reactive
oxygen and nitrogen species (RONS) and decreasing anti-
oxidant defense. Damaged chromosomes can cause muta-
tions, impair cellular proliferation, and cause malfunction
in cells, tissues, and organs [29, 30]. These effects may be
sufficient to exacerbate chromosomal damage that occurs
during mitosis, resulting in the production of micronuclei
[31]. Quintero et al. (2018) analyzed chromosomal stability
in patients with type 1 and type 2 diabetes compared to the
control group and observed a significant increase in nuclear
abnormalities compared to the healthy control group [32]. A
defect in the genetic material (DNA) that results in a break
in the double strand causes chromosomal abnormalities.
The primary defect may be in the single or double strands of
the DNA. Cross-links may occur between DNA molecules,
such as between pentose sugars and the phosphate group in
the i-DNA strand [33]. These errors can be identified and
corrected by using DNA repair systems. However, chromo-
somal aberrations or genetic mutations can occur if they are
not repaired or are repaired incorrectly. Most published in-
vestigations using the CBMN cytome test demonstrated that
patients had lower blood glucose control, greater medica-
tion use, more chromosomal abnormalities than controls,
and worse DNA stability as the disease advanced [34, 35].
The frequency of chromosomal damage in PBMCs from
patients with type 2 diabetes was examined by Miillner et al.
and compared to controls without the disease. Those with
an MNi frequency over the 50" percentile, however, may
have noticeably higher fasting plasma glucose and glycated
hemoglobin levels [36, 37].

Patients with nephropathy and diabetic nephropathy ex-
hibit elevated serum urea and creatinine levels. Patients with
nephropathy and diabetic nephropathy had significantly
elevated urea and creatinine levels, and these findings are in
line with those of other researchers [38—40] due to impaired
renal function. This elevation is primarily attributed to a re-
duction in the glomerular filtration rate (GFR), which leads
to accumulation of nitrogenous waste products in the blood-
stream. Urea, a by-product of protein metabolism, and cre-
atinine, derived from muscle metabolism, are key biomar-
kers commonly used to assess renal function and monitor
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the progression of kidney impairment [41, 42]. According
to previous research, blood urea and serum creatinine mea-
surements are readily accessible tests that can evaluate the
early detection and prevention of diabetic nephropathy [43].
This investigation supports the findings of Al-Musawi et al.,
who reported that elevated blood glucose levels in uncon-
trolled diabetics are linked to increased urea and creatinine
levels, which are often linked to the degree of renal damage
[44]. Increased urea production, decreased urea elimina-
tion, or a combination of the two can result in an excess of
urea in the plasma; the highest concentrations occur when
chronic renal disease and the corresponding marked decline
in glomerular filtration rate cause decreased urea removal
in the urine [45]. A high blood creatinine level induced by
OTA is a serious indicator of renal damage and impairment
[46]. Given the critical role the kidney plays in converting
citrulline to arginine, Cao et al., hypothesized that eleva-
ted serum citrulline levels in individuals with diabetic ne-
phropathy may be linked to worsening of this function [47].
Additionally, citrulline participates in the citrulline-NO cy-
cle, which produces nitric oxide (NO). It is well recognized
that nitric oxide plays a significant role in controlling kidney
morphology and function [47].

Conclusions

Elevated TLR4 expression increases, with the percen-
tage in healthy people is least (3.927), diabetic patients
(18.31), and nephropathy (17.352), while diabetic nephro-
pathy is the highest (27.158). Chromosomal aberration rates
(CA/100 cells) in the blood of healthy control (0.02) are
lower than in diabetic nephropathy patients (0.1). Diabetic
nephropathy causes impaired renal function.
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3B’a30K ekcnpecii TLR4 Ta reHOMHOi HeCTAGIAbHOCTI
3 Mmapkepamu PyHKLUiT HUPOK Npu Aia6eTnyHin Hedponarii

Pe3ome. Axryanbnicts. [liabeTnuna HedpomaTisa € cepilos-
HUM MOO6iYHUM eheKTOM IIyKpOoBOro aiabety 1-ro Ta 2-ro Tuiy.
Toll-noni6uuit peuentop 4 (TLR4), nepuwuii ineHTudikona-
HUIi Ta HAWOLIBII peTeibHO BUBYeHUH uiieH poauHu TLR, OyB
MOB’SI3aHUI 13 PO3BUTKOM Pi3HUX 3aXBOPIOBAaHb HUPOK, SIK-OT
TOCTpe TIOLIKOMXKEHHS HUPOK, ileMiuHo-pemnepdysiiiHe ypa-
JKEHHSI HUPOK Ta riioMepyaoHedput. MeTa: OLliHUTH eKCITpeciio
TLR4 y 3B’513Ky i3 3amajieHHsIM Yy Malli€HTiB i3 AiabeToM i3 HUp-
KOBOIO HEIOCTATHICTIO Ta 6e3 Hel, 00rOBOPUTHU POJIb LIUX PELIeTI-
TOPiB y PO3BUTKY AiaOeTUUYHOI HedponaTii Ta BULIIUTH XPOMO-
COMHI, siiepHi Ta 6i0XiMiuHi 3MiHU (CEYOBMHA Ta KpeaTUHiH) Y
Malli€HTIB i3 HUPKOBOIO HEOCTATHICTIO Ta iabeTom. Martepiann
Ta MeTOAM. Y BimmisieHHi mianisy nepedysayio 40 3mopoBux ocio
KOHTpPOJIbHOI Tpynu, 40 mauieHTiB i3 1ykpoBuM niadetom, 40 i3
Hedponarieo Ta 40 i3 giabeTuuHolo Hedponatieto. Lle moci-
IKEHHST TpoBoImIiocst 3 )KoBTHs 2024 poky 110 ciueHb 2025 poky.
3pa3ku KpoBi (5 MJ1) Oysiu 3i0paHi B TIALIIEHTIB Ta 30POBUX OCiO

i po3roaijieHi Mo mpobipKax MIsi BU3HAYEHHs €KCIIpecii TeHiB,
XpOMOCOMHUX abepalliii Ta YacTOTU MiKposiaep, pelira — st
oliHkM GyHKIiT HUpoK. Pe3yabTaTu. B yyacHukis i3 Hedpo-
narielo Ta aiabeTuyHolo Hedpomnartieto excrpecis reHa TLR4 y
KpOBi 3HAYHO BHIIA, HiX y 3I0pPOBUX 0Ci0. Y MallieHTiB i3 mia-
06eToM, Hedpomariero adbo aiadbeTMuHOI0 HedpomnaTiero 0ya0 BuU-
SIBJIGHO OiJibllie MiKpOSIAEp Ta XpOMOCOMHUX abepalliii. 3Ha4HO
MiIBUIIICHUI piBeHb CEYOBMHU I KpeaTUHIHY B CUPOBATIli KPOBi
TaKOX CIIOCTEPIiraBcs y XBOPHUX i3 He(poIIaTielo Ta 1iabe TUIHOIO
Hedpomnariero. BucnoBku. Excripecis TLR4 3pocrae, npuaomy
BiZICOTOK Y 340POBMX JiIofeil HaiimeHui (3,927), BUILU — y
nauieHTiB i3 niaberom (18,31) Ta Hedpomnariero (17,352), a npu
niabetnyHiil Hedpomnarii — HavBummit (27,158). XpoMocoMHi
aHoOMaJtii ToB’si3aHi 3 AiabeTUUHOIO He(pOMaTi€lo Ta MOPYIIEeH-
HSIM (DYHKIIii HUPOK.

KniouoBi ciioBa: piaGernuna wedpomnaria; ekcrpecis reHa
TLR4; reHeTnuHi 6iomapKepu (yHKLII HUPOK; diai3
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Physiologic-microbiome interactions
in the pathogenesis of genitourinary syndrome
of menopause among menopausal stages

Abstract. Background. Menopause is a natural decline in ovarian function, leading to reduced estrogen
and progesterone levels. It occurs in three stages: peri-menopause, menopause, and post-menopause.
Estrogen plays a crucial role in maintaining the infegrity and microbial balance of the vaginal microenvi-
ronment. Physiological and microbiome alterations throughout the menopausal stages contribute fo the
severity of genitourinary syndrome of menopause (GSM), which encompasses a range of symptoms af-
fecting the vagina, bladder, and urethra. The purpose was to investigate the correlation between hor-
monal fluctuations and vaginal microbiome alterations, as well as their role in the severity of GSM. Materials
and methods. This study was conducted from Sepfember to December 2024, involving 100 partficipants: 75
post-menopausal women (aged 45 and older) at various time intervals since their last menstruation, and
25 pre-menopausal women under 40 with regular menstrual cycles. Clinical checkups were performed
before sample collection. Hormonal concentrations were measured using the BIOT-YG-I FIA immunoassay
analyzer, while microbial isolates were identified using CHROMagar media. Results. A significant difference
in estradiol-2 was found: in pre-menopausal women, its level was 179.17 + 14.21 compared to 64.72 + 8.53
in peri-menopausal, 28.75 + 3.49 in menopausal, and 24.50 + 2.46 in post-menopausal participants. Pro-
gesterone level was 0.65 + 0.06 in pre-menopausal women, 0.370 + 0.018 in peri-menopausal, in meno-
pausal group — 0.340 + 0.017, and 0.304 + 0.017 in post-menopausal. The mean level of follicle-stimulating
hormone was lower in pre-menopausal participants — 5.22 + 0.90 versus 79.00 + 7.49 in peri-menopause
group, 89.72 £ 8.70 in menopause, and 94.17 + 9.77 in post-menopausal women. Testosterone mean
level was higher in pre-menopausal particioants — 0.63 + 0.06 compared to 0.480 + 0.089 in peri-meno-
pausal participants, 0.480 + 0.078 in menopausal, and for post-menopause group, it was 0.610 + 0.091.
L.acidophilus proportion isolated from vaginal swab sample was 12.0 % in peri-menopausal participants,
16.0 % in menopausal, 24.0 % in post-menopausal, and 52.0 % in pre-menopause group. In additfion, the
most isolated bacterial pathogen was E.faecalis, the rates were 64.0 % for peri-menopausal, 56.0 % for
menopausal, 60.0 % for post-menopausal and 12.0 % for pre-menopausal participants. In menopause and
post-menopause groups, there was significant association between urogenital symptoms and bacterial
growth (P > 0.05). Conclusions. Estradiol-2 and progesterone levels progressively decline from peri-meno-
pause fo post-menopause, reaching baseline levels. Bacterial diversity is more pronounced in post-meno-
pausal women compared fo pre-menopausal participants. Furthermore, in post-menopausal women, a
significant correlation was observed between bacterial colonization and the emergence of urogenital
symptoms, supporting the link between altered vaginal microbiota and GSM severity.

Keywords: sex hormones; menopause, genitourinary syndrome of menopause, Lactobacillus; E.faecalis

Introduction

Menopause involves the loss of ovarian reproductive
activity, either naturally or as a result of other disorders.
Debilitating physical symptoms, such as hot flashes and
night sweats, urogenital atrophy, sexual dysfunction, mood
swings, bone loss, and metabolic abnormalities that increase

the risk of diabetes and cardiovascular disease, might result
from the decrease in ovarian estrogen production during
menopause [1]. However, women life stages classified to
pre-menopausal phase is considered the reproductive phase
which the ovulation is regular and the ovaries completely
functional and its starting at puberty, a peri-menopause is
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a transitional phase when female hormones levels especially
estrogen start to decline leading to irregular period and re-
duction in ovaries hormones role [2]. Menopause phase re-
present a 12 months without amenorrhea and has two types
a natural menopause and sudden or induced menopause due
to surgeries or medical treatments [3]. A post-menopausal
phase following the menopause and last to the rest of women
life [4].

Genitourinary syndrome of menopause is a modern ter-
minology for vulvovaginal atrophy, or urogenital atrophy,
defined as a set of chronic and progressive conditions results
from a deficiency in estrogen hormone levels and other sex
steroids [5], this syndrome characterized by a several symp-
toms include a physical changes effecting the labia majora
and minora, clitoris, vestibule, introitus, vagina, urethra,
and bladder, and another genital symptoms like dryness,
burning, and irritation, a sexual symptoms include reduced
lubrication, pain, low libido, dyspareunia, and a urinary
problems like urinary incontinence, recurrent urination,
painful urination, and recurrent urinary tract infections.
Which resulting from an over-growth of the opportunistic
microbes [6].

The vagina colonized by a diverse range of microorga-
nisms that make up the mycobiota and microbiota. Lactoba-
cillus spp. is the most frequent microorganism that isolated
from healthy human vagina, which also known as lactic
acid bacteria (LAB) [7]. These vaginal Lactobacilli have
been hailed for their ability to prevent pathogens invasion
by maintaining a healthy population, by producing lactic
acid and secreting a various antimicrobial ingredients such
as H,0,, cytokines, and surfactants [8].

Vaginal microbiota structure and abundance are influ-
enced by estrogen and progesterone, that are starting at pu-
berty and continue through a reproductive years in a dyna-
mic equilibrium with some variations [9]. Estrogen promote
the proliferation of a vaginal epithelial cells and rise in gly-
cogen storage, while a progesterone lyses the epithelial cells
of vagina, thus facilitating release of glycogen to maintain
the normal pH [10]. Wherefore, there is a notable increase
in anaerobic bacteria and vaginosis related bacteria such as
(E.faecalis, E.coli, S.aureus, C.albicans, etc.) that have role
in existence of several urogenital symptoms includes vaginal
dryness, burning, itching, irritation, and discharges [5].

The purpose of this study was to investigate about the
correlation that associate the alternations occur in some fe-
male hormones and their participation in vaginal microbi-
ome incompetence and how can genitourinary syndrome of
menopause take a place, for enhancing the diagnostic stra-
tegies and improving GSM targeted therapies.

Materials and methods

The present study is conducted between July and De-
cember 2024 Maternity and Pediatric Hospital and private
gynecology clinic in Al-Muthanna (Iraq). The included 100
participants women, divided in to four groups according
to last menstrual cycle, group 1: participants women with
continuous menstrual cycle (25 pre-menopause) with age
range 20—40 years, group 2: participants women with less
than 1 years last menstrual cycle (25 peri-menopause) with

age between 45 and 50 years, group 3: participants women
with 1 to less than 2 years last menstrual cycle (25 meno-
pause), their age was 45—55 years. In addition to, 25 par-
ticipants women with more than 2 years last menstrual cycle
(25 post-menopause) from 50 age and more. Those who had
undergone hysterectomy or oophorectomy, and pregnancy
women were excluded.

BIOT-YG-I FIA immunoassay analyzer is used to mea-
sure the quantitative concentration of serum blood sample
by a fluorescence immunoassay system. Was used to deter-
mine the hormonal concentration of estradiol-2, progeste-
rone, follicle-stimulating hormone and testosterone.

5 ml of blood sample for determination of hormonal pa-
rameters, vaginal swab sample, and mid-stream urine sam-
ple was obtained and stored at 2—8 °C inside safety box until
reach to the lab.

Selective media utilized to diagnosis a different bacterial
species. HiCrome Lactobacillus selective agar use for isola-
tion and differentiation between different species of Lacto-
bacillus, HiCrome UTI agar media facilitates and accelerate
the identification of some gram-positive bacteria and some
gram- negative bacteria based on the difference in the shape
and color of the colonies. HiCrome Candida differential
agar media is recommendation for ease identification and
isolation of Candida spp.

Ethical approval

The principles summarized in the Declaration of Hel-
sinki which served as the basis for conduction of this study.
Verbal consent was acquired and the questionnaire form was
registered from the participants prior to obtaining the sam-
ples. The study protocol examined and approved by a local
ethics committee.

Statistical analysis

Statistical analysis is conducted using SPSS (Statistical
Package for the Social Sciences) version 24. Mean of the
data between more than two groups was assessed by using
ANOVA, Pearson correlation coefficient was used to assess
a correlation between two numeric variables, and the chi-
square test is applied to examine an association between the
categorical variables. The level of significance was set at a
P < 0.05 and the highly significant level was considered at
P<0.01.

Results
Hormonal parameters

The mean level of estradiol-2 (E2) was higher in pre-
menopause participants compared to other groups and the
difference was highly significant (P <0.001). Also, there was
a significant decrease in menopause participants and post-
menopause participants compared to peri-menopause par-
ticipants.

Progesterone mean level was higher in pre-menopause
participants compared to other groups and the difference
was highly significant (P < 0.001). But there was non-signi-
ficant difference in other groups of participants.

The mean levels of follicle-stimulating hormone (FSH),
it was lower in pre-menopause participants compared
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to other groups and the difference was highly significant
(P < 0.001). But there was non-significant difference in
other groups of participants.

Testosterone mean level was higher in pre-menopause
participants compared to other groups and the difference
was non-significant (P = 0.392) (Table 1).

Microbial results

The comparison between different pre-menopausal,
peri-menopausal, menopausal and post-menopausal par-
ticipants according to bacterial growth in vaginal swab
culture were carried and the results show in Fig. 1. The
diverse bacterial growth rates were shown at 84.0 % in
peri-menopausal, 76.0 % in menopausal, and 92.0 % post-
menopausal participants respectively compared to only
12.0 % of pre-menopausal participants was diverse growth
(P=10.001).

The proportion of Lactobacillus spp. that obtained
from vaginal swab samples characterized by their low levels
in menopausal groups, as shown in Table 2. L.acidophilus
proportion in peri-menopausal participants was 12.0 %,
menopausal 16.0 %, and 24.0 % in post-menopausal group
compared to 52.0 % in pre-menopausal participants and the
difference was significant (p = 0.025) (Fig. 4).

The most isolated bacterial pathogen from vaginal swab
culture was FE.faecalis, and the rates were 64.0 % for peri-
menopausal, 56.0 % in menopausal, and 60.0 % for post-
menopausal participants respectively, compared to pre-
menopausal (12.0 %) participants
(P = 0.027). Followed by E.coli,

Table 4 shows the association between urogenital symp-
toms that are related with genitourinary syndrome (GSM)
and bacterial growth in vaginal swab culture, that has been
carried out. The present results show there was non-signi-
ficant association between urogenital symptoms and bacte-
rial growth type in peri-menopause group (P < 0.05). But in
menopause and post-menopause groups, there was signifi-
cant association between urogenital symptoms and bacterial
growth (P > 0.05).

Discussion

Several previous studies [11, 12], confirms this study
results about serum estradiol-2 levels of the menopausal
women. Found the serum E2 at high levels during pre-
menopause stage, which is regulate the ovulation and ferti-
lity that is production predominate the follicular phase [13].
Erratic ovarian function and the cycle irregularity during
a peri-menopause stage, spikes the E2 level and begin to
demonstrate vasomotor symptoms. The lowest levels of E2
through post-menopausal stage. As a result, ovarian func-
tions bring to halt progesterone levels are rise through the
reproductive years, especially during luteal phase after ovu-
lation, as progesterone is produced by corpus luteum, and it
becomes low in the follicular phase. At peri-menopause the
progesterone level fluctuates and generally decreases due
to irregular menstruation and deficiencies in luteal phase.
The progesterone drop to a baseline at the post-menopausal
stage as the ovaries function being ceased [14, 15].

S.aureus, and C.albicans, as shown
in Table 2, Fig. 3.

The bacterial growth rates
from urine sample were shown in
Fig. 2. 92.0 % in peri-menopausal,
100.0 % menopausal, and 88.0 % | |
post-menopausal participants re-
spectively compared to only 36.0 %
of pre-menopausal participants was | 4o |-
microbial growth (P = 0.001). And
the most isolated bacterial patho-
gen was E.faecalis, the rates were | 2o}
64.0, 44.0, and 52.0 % for peri-
menopausal, menopausal and post-
menopausal participants respec- | 4

£ 11 L—

-

Bacterial Growth Type | |
=1 Diverse growth i
|E=3 Homogeneous growth | |

Pre-menopause

tively compared to pre-menopausal

Peri-menopause Menopause
Menopausal Stage

Post-menopause

(12.0 %) participants (P = 0.035),
and as demonstrated in Table 3.

Figure 1. Bacterial growth type in pre-menopausal, peri-menopausal,
menopausal and post-menopausal women of vaginal swab culture

Table 1. Estradiol-2, progesterone, follicle-stimulating hormone, and testosterone levels

Groups E2 (pg/ml) P'°312'°;‘n‘:|’)°“e FSH (mIU/mli) Tes(‘::/‘n";[)""e
Pre-menopause 179.17 = 14.21 0.65 + 0.06 5.22 + 0.90 0.63 + 0.06
Peri-menopause Mean + SE 64.72 + 8.53 0.372 £ 0.018 79.00 = 7.49 0.480 + 0.089
Menopause 28.75 + 3.49 0.344 + 0.017 89.72 + 8.70 0.480 + 0.078
Post-menopause 24.50 + 2.46 0.304 + 0.017 94.17 +9.77 0.610 = 0.091
P-value 0.001 0.001 0.001 0.392
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FSH levels are low at reproductive phase in pre-meno-
pausal women through their follicular phase (day 2, 3, or 4)
FSH promotes the follicle growth inside the ovary, but du-
ring luteal phase the feedback mechanism of estrogen and
progesterone lowers FSH level. At peri-menopause life stage
the ovarian reserve is declines and a
menses irregular, causing increase | %

or fluctuate in FSH levels due to
reduced negative feedback process

ficiency, involved in decline the levels of testosterone, result-
ing in low libido, loss muscle mass, rise the osteoporosis risk,
and mood swing, anxiety, or depression [18].

The transition from the menstrual phase to follicular
phase, sex hormones start to rise and epithelial cells of

100

that is loss through the post-meno- | so

pausal stage, leading to sustained
high levels of FSH [16, 17]. The
higher mean of testosterone at pre-
menopausal women reflect an active
ovarian and adrenal function, sup-
porting muscle mass, libido, mood,

40

and bone density, and a gradual de- | zo

cline in testosterone level began at

peri-menopause as ovarian function |

being irregular, until its showed at
lowest level after menopause, ova-

Pre-menopause

Peri-mencpause

Menopause

Menopausal Stage

Growth Status
== Growth

== No growth

Post-menopause

rian dysfunction and adrenal insuf-

Figure 2. Bacterial growth in pre-menopausal, peri-menopausal, menopausal

and post-menopausal women of urine sample

Table 2. Frequency distribution of specific bacterial isolation from pre-menopausal and post-menopausal

women in vaginal swab culture, n (%)

“:t;gg:' Pre-menopause | Peri-menopause Menopause Post-menopause P-value
L.acidophilus 13 (52.0) 3(12.0) 4 (16.0) 6 (24.0) 0.025
L.rhamnosus 16 (64.0) 7 (28.0) 9 (36.0) 6 (24.0) 0.093
L.plantarum 2(8.0) 2(8.0) 5 (20.0) 1 (4.0) 0.308
L.fermentum 8 (32.0) 1 (4.0) 1(4.0) 2(8.0) 0.010
E faecalis 3(12.0) 16 (64.0) 14 (56.0) 15 (60.0) 0.027
E.coli 3(12.0) 17 (68.0) 13 (52.0) 11 (44.0) 0.024
C.krusei 4 (16.0) 0 2 (8.0) 1 (4.0) 0.328
C.glabrata 3(12.0) 0 0 0
C.albicans 3(12.0) 6 (24.0) 1(4.0) 7 (28.0) 0.148
S.aureus 0 2 (8.0) 8 (32.0) 7 (28.0) 0.036
K.pneumoniae 0 7 (28.0) 2(8.0) 5(20.0) 0.092
P.aeruginosa 0 2(8.0) 2 (8.0) 1 (4.0) 0.819
B.cereus 0 1(4.0)

Table 3. Frequency distribution of specific bacterial isolations in pre-menopausal and post-menopausal women
in urine samples, n (%)

Bacterial species | Pre-menopause | Peri-menopause Menopause Post-menopause P-value
P.mirabilis 0 0 1(4.0) 1 (4.0)

E faecalis 3(12.0) 16 (64.0) 11 (44.0) 13 (52.0) 0.035
E.coli 5 (20.0) 14 (56.0) 10 (40.0) 11 (44.0) 0.241
C.krusei 0 0 1(4.0) 1 (4.0)

S.epidermidis 0 0 6 (24.0) 1(4.0) 0.059
C.albicans 0 1(4.0) 0 3(12.0) 0.317
S.aureus 0 2 (8.0) 6 (24.0) 5(20.0) 0.368
K.pneumoniae 0 6 (24.0) 2(8.0) 1(4.0) 0.097
P.aeruginosa 0 4 (16.0) 0 0

B.cereus 0 0 1(4.0) 3(12.0)
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the vaginal wall gradually thicken and release more glyco-
gen, which lyses to produce lactic acid, that lowering the
pH of vagina and support the proliferation of Lactobacil-
lus spp., particularly L.acidophilus. With peri-menopausal,
menopausal, post-menopausal women, there appears to
being a reduction in lactobacilli, which associated with a
significant changes in reproductive hormones, includes
lowers in estrogen levels and a higher serum levels of FSH
levels. Lead to show a diversity of another anaerobic bac-
teria [19].

The high prevalence of E.faecalis from vaginal isolated
samples could be due to the significant virulence factors of
this bacterial species including biofilm formation and a ca-
pacity to adherence to the urogenital tracts, a wide ability to
survive in severe environments [20]. Additionally to, many

of E.faecalis strains considered as multi-drug resistance in-
cluding the cephalosporins [21]. Due to the menopausal
physiological changes, the vaginal tract microenvironment
was represented as a reservoir to the uropathogenic E.coli
colonization, which contributing in vaginal infections and
recurrent UTIs [22]. Opportunistic infections by S.aureus
and C.albicans in menopausal women was also presented
due to hormonal changes, reduction in immune response,
and mucosal alternations which leading to microbial over-
growth and imbalance. Resulting in an aerobic vaginitis and
vulvovaginal candidiasis [23].

After menopause, reduction in serum level of E2, de-
cline in progesterone level, and increase in serum level of
follicle-stimulating hormone, leading to thinning of the
urogenital tracts epithelium, reduce in vaginal lubrication,

Table 4. Association between some urogenital symptoms related to GSM and the bacterial growth
in vaginal swab culture, n (%)

Frequent . . Genital Vaginal Vaginal
LS urination B by irritation discharges dryness
Pre- Diverse 3(37.5) 3(37.5) 2(33.3) 3 (75.0) 3(23.1) 3 (75.0)
menopause | Homogenous 5 (62.5) 5 (62.5) 4 (66.7) 1 (25.0) 10 (76.9) 1(25.0)
P-value 0.480 0.480 0.414 0.137 0.052 0.137
Peri- Diverse 18 (94.7) 14 (87.5) 11 (100) 12 (100) 14 (87.5) 10 (90.9)
menopause [ Homogenous 1(5.3) 2(12.5) 0 0 2(12.5) 1(9.1)
P-value 0.001 0.003 0.001 0.001 0.003 0.001
Diverse 13 (86.7) 14 (100) 11 (91.7) 12 (100) 7 (87.5) 16 (88.9)
Menopause
Homogenous 2 (13.3) 0 1(8.3) 0 1(1.5) 2(11.1)
P-value 0.005 0.001 0.004 0.001 0.034 0.001
Post- Diverse 19 (95.0) 16 (94.1) 12 (100) 11 (84.6) 4 (80.0) 20 (90.9)
menopause | Homogenous 1(5.0) 1(5.9) 0 2(15.4) 1 (20.0) 2(9.1)
P-value 0.001 0.001 0.001 0.013 0.108 0.001

Figure 3. The bacterial isolates on HiCrome UTI
agar: A — golden yellow colonies are S.aureus;
B — E.faecalis in blue small colonies; C — blue-
purple mucoid colonies are K.pneumoniae; D — pink
colonies are E.coli

Figure 4. Lactobacillus spp.:
A — L.acidophilus as pink colonies; B — green
colonies are L.rhamnosus; C — yellow colonies
represent L.fermentum
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and decrease in the blood flow and elasticity [24]. Such al-
terations create a favorable microenvironment for dysbiosis.
Additionally to, reduction in Lactobacillus spp., and this will
rise the vaginal pH, resulting in growth of opportunistic mi-
crobes and uropathogens such as E.faecalis, E.coli, S.aureus,
C.albicans, etc. that have role in existence of several urogen-
ital symptoms includes vaginal dryness, burning, itching, ir-
ritation, and discharges [5]. These are most common mani-
festations in pot-menopausal women, and these chronic
conditions expressed as GSM, which is another term of the
vaginal atrophy [25—27].

Conclusions

Serum E2 and progesterone reach their highest levels
during the reproductive years in pre-menopausal women
but progressively decline from the peri-menopause stage,
reaching baseline levels in post-menopause. FSH remains
low during reproductive years but steadily increases as
menopause progresses. Testosterone levels show minimal
variation across menopausal stages. Additionally, Lactoba-
cillus spp., particularly L.acidophilus, are more predominant
in pre-menopausal women but significantly decrease in
menopausal individuals. Conversely, opportunistic patho-
gens such as E.faecalis, E.coli, S.aureus, and C.albicans are
more frequently isolated from menopausal women. The
observed microbial dysbiosis and diversity in menopause
and post-menopause are directly correlated with declining
estradiol-2 and progesterone levels. Finally, a significant as-
sociation was found between urogenital symptoms linked
to GSM and the presence of pathogenic bacterial growth,
reinforcing the critical role of hormonal and microbiome
alterations in GSM severity.
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®disioAoriyHi Ta MiIKPOBGIOMHI B3OEMOAT B NATOreHesi reHiToypUHAPHOrO MEeHOMNAY30AbHOTO CUHAPOMY
HQA PiSHUX eTanax MeHonaysu

Pe3iome. AkryanbnicTh. MeHonaysa — Lie IpUPOAHUIL Mpoliec
3HUXKEHHST (DYHKIIT S€UYHUKIB, 1110 MPU3BOAUTH 1O 3MEHIIECHHS
piBHSI ecTporeHy it mporectepoHy. BoHa Mae Tpu crazii: nepu-
MeHoIay3a, MeHoIlay3a Ta TocTMeHomay3a. EctporeH Bimirpae
KJIIOYOBY POJIb Y MiATPUMAaHHI LiJTiICHOCTI i1 MiKpoOHOT0O OajaHCy
BariHajabHOTO cepemoBuina. MizionoriyHi Ta MiKpoOIOMHI 3MiHU
BIIPOJOBX CTallili MEHOTIay3W BIUIMBAIOTh Ha TSKKICTh T'€HITO-
ypuHapHOTO MeHomnay3aiabHoro curapomy (IMC), gkuit BKITIO-
Yya€ KOMILJIEKC CUMIITOMIB, 1110 YpaXaloTh BariHy, CEUOBMI MiXyp
Ta yperpy. MeTa: T0CHiIUTH KOPESILio MK KOJMBAHHSIMM PiB-
HiB cTaTeBMX FTOPMOHIB i 3MiHAMU Y BariHaJIbHOMY MiKpoOioMi, a
TaKoX IXHiit BruiMB Ha Tspkkicth [MC. Marepiaau Ta MeToam.
JlocaimKeHHs TpUBAJIO 3 BepecHsI 1o rpyaeHb 2024 poky. Y HboMy
B3su yuacth 100 oci6: 75 kiHOK cTapiie 45 pokiB, sIKi He Mallu
MEHCTpYyaliil MPOTATroM PiZHUX MPOMIXKIB yacy, Ta 25 XiHOK Bi-
KoM 10 40 poKiB i3 peryJIsipHUM MEHCTpyaJdbHUM LMKIOM. Kiri-
HiuHe 00CTexKeHHs MPOBOAUIIN Tepel OTPUMaHHSIM 3pa3ka. Jlist
BUMIipIOBaHHSI KOHLEHTpallii TOPMOHIB BUKOPUCTOBYBAIU iMy-
HodepmeHTHUIt aHamizaTtop BIOT-YG-I FIA, mns inentudikarrii
MikpoOHUX i3071TiB — cepenoBuiia CHROMagar. Pe3yabTaTu.
BusiBneHo 3HauHy pi3HUIIIO B PiBHI ecTpamiony-2: y KiHOK y TIpe-
MeHomnay3i BiH craHoBuB 179,17 * 14,21, y nepumeHonay3i —
64,72 + 8,53, y meHomnay3i — 28,75 + 3,49, y noctmMeHomay3i —
24,50 %+ 2,46. YmicT nporectepoHny gopiBHioBas 0,65 & 0,06 y rpyri
npemeHomnaysu, 0,370 + 0,018 — nepumeHomnaysu, 0,34 £ 0,017 —

MeHoray3u 1a 0,304 = 0,017 — moctMeHomnay3u. CepeHiii piBeHb
(hoMiKYIOCTUMYJTIOIOUOTO TOPMOHY OYB HMXXKYMM B YYaCHMIIb y
npeMeHoray3i — 5,22 + 0,90 nmpotu 79,00 + 7,49 y nepumeHomna-
y3i, 89,72 + 8,70 y meHomay3i ta 94,17 £ 9,77 y XiHOK y mocT™Me-
Homay3i. CepenHili piBeHb TECTOCTEPOHY OYB BUIIIUM Y TPYITi IIpe-
MeHomay3u Ta craHoBuB 0,63 £ 0,06 nopiBHsHO 3 0,480 £ 0,089
B yJacHHUIlb y nepumeHomnaysi, 0,480 + 0,078 — y meHomaysi,
0,610 + 0,091 — y moctmenomaysi. Yactka L.acidophilus, Bunine-
HOI 3i 3pa3ka BariHaJbHOIo Ma3Ka, nopiBHioBana 12,0 % B rpymi
nepumeHoraysu, 16,0 % — menonaysu, 24,0 % — MOCTMEHO-
nay3u i 52,0 % — npemenonay3u. Kpim Toro, Haituacriiie i30-
JIbOBAaHUM OaKTepiaJibHUM maTtoreHoM OyB E.faecalis: moka3HUK
craHoBuB 64,0 % 1151 yqacHULb Y iepuMeHonay3i, 56,0 % — y me-
Homaysi Ta 60,0 % — moctMeHomnay3i mopiHsHO 3 12,0 % B rpymi
rpeMeHoray3u. Y rpyrnax MeHormay3u i MocTMEHOIay3u CIocTe-
piraBcsl 3HaUYHU 3B’SI30K MiX ypOT€HITaIbHUMU CHUMIITOMaMU
Ta pocroM Oakrepiii (P > 0,05). BucHoBku. PiBHi ecTpamiony-2
Ta MPOTreCTePOHY IMOCTYIOBO 3HUXKYIOTHCS Bill MEpUMEHONAY3U
0 TOCTMeHoray3u. bakTepiaiibHa pi3HOMAaHITHICTb MepeBakae
B XKiHOK Yy TTOCTMeHomay3i. TakoxX y MocTMeHOIay3aIbHiil Tpymi
BUSIBJICHO 3HAUHY KODEJSIil0 MiX KOJOHi3alli€lo OakTepisiMu i
YPOTCHITAJIBHUMU CUMIITOMAMM, 1O IMiATBEPKYE 3B’SI30K MixX
3MiHEHUM BariHaJIbHUM MikpobioMoM i TskkicTio TMC.

Ki1104o0Bi ¢JI0Ba: cTaTeBi ropMOHM; MEHOMAY3a; TeHiTOypUHAD-
HUIT MeHoMay3anbHU cuHapoM; Lactobacillus; E.faecalis
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PoAb BiTaMiHy D y MiHEepQAbHUX
TA KICTKOBUX PO3ACACX Y AiTeU
NPU XPOHiIYHIN XBOPOOI HUPOK
(oraAsgA Aiteparypm)

Pestome. Y crarri HaBeAeHO QHAAIZ TEOPETMYHIMX TA MPAKTUYHUX PE3YALTATIB AOCAIAKEHb Y 6Q3AX AQHMX
PubMed, MedLine, Embase, Scopus Ta Web of Science LLoAO BUBYEHHST MPOBAEMM METAOOAIMY BITAMIHY
D i ioro poai 'y po3suTKy MIHEPAAbHUX TQ KICTKOBUX PO3AQAIB Y AITEV i3 HOSIBHOK XPOHIYHOK XBOPOBOK HU-
POK, OLIHKI MOTEHLIMIHUX HYTPUTUBHMX NOTPE6 TA QAKTOPIB PU3MKY PO3BUTKY YCKAQAHEH MIHEPAALHOIO TQ
KICTKOBOIro OOMIHIB HQ TAI HEPPOAOTYHOI MATOAOTI. Y CTATTI MPUAIASIETLCS YBATQ MATAHHSIM 3QCTOCYBAHHST
BITQMIHY D ripvi HUPKOBO3AMICHIV Teparii'y MALEHTIB ANTSIHOIO BIKY.

KAIOYOBI CAOBQL: BiTAMIH D, AiTH, XPOHIYHQ XBOPOOQA HUPOK, XPOHIYHQ XBOPOOQ HUPOK — MIHEPAABHI TQ

KICTKOBI PO3AQAM, 3QMICHQ HUPDKOBA TePArisl; OrAsIA

Hedinur (HemocTaTHICTh) BiTamiHy D € rmobGanbHOIO
po0JIeMOI0 OXOPOHM 3I0POB’SI Ta SIBJISIE COOO0I0 MaHAeMilo,
1110, 3a IMiApaxyHKaMu, OXOILTIOE IOHA MiTbSIpI AiTel i M0~
pOCIMX Yy CBiTOBil momyJsuii. Hacminku BruiuBy aediuuty
BiTaMiHy D Ha cTaH 3I0pOB’S y CBITOBill MOIYJILIT He-
MOXJIMBO HENOOIIHUTU: BCTAHOBJIEHO 3B’SI3KU AediuTy
(HemoctatHocTi) BitTamiHy D 3 po3BUTKOM 0aratbox 3aXBo-
pPIOBaHb Pi3HUX OPraHiB i CUCTEM Yy JiTeil pi3HUX BiKOBUX
MnepiofiB, 30KpeMa 11e paxiT, AUTIIUiA Kapiec, TapolOHTHT,
aBTOIMYHHI posyiaau, iH(ekIiliHa 1MaToorisi, THeBMOHIi,
acTMa, CepleBO-CYIAMHHI 3aXBOPIOBAHHS, OXMUPiHHS, IIy-
KpOBHUH mia0eT, ayTu3M, OUTSIMNA LepeOpalbHUN mapajid
Ta iHIII HEBPOJIOTiIUHI po3aau, He(poIoTiyHa IIAaTOJIOTis
Tomo [1—12].

Biramin D — kxupopo3unHHM BiTaMiH ((haKTUYHO 1Ie
CTePOITHUI XUPOPOZUMHHUI FOPMOH, 110 Ji€ HA KIIITUH-
Hi pelLienTopu), HE € OKPEMOIO CITOJYKOIO Ta HAJIEXKUTh 10
rpymnu 3 moHaza 50 mMeTaboJiTiB, icHYeE B 6 (hopmax, OCHO-
BHOIO 3 AKUX € BiTaMiH D, (epeokarsuugepor) — yrsopro-
€ThCSI T Ii€I0 PO3CISTHOTO COHSIYHOTO CBIT/Ia, MePeBaXHO

B pocimnHax. Jlo oprani3my moguHM Bitamin D morparuiae
LIJISIXOM BCMOKTYBAaHHS 3 XapyOBUX IMPOAYKTIB y JBaHA/I -
LISITUIIAJIIN Ta TOHKIM KUIIIIIi ITUTYHKOBO-KHMIIIKOBOTO TpaK-
Ty; BitaMiH D, (xosexanvyughepon) yTBOPIOETbCSA B LIKIpi
JIIOAVHMU i BILIMBOM COHSIYHOIO YJIbTPadioaeTOBOro BU-
npoMiHioBaHHs [1, 7, 12—15].

Bitamin D2 € OioJIoriyHO iHepTHUM, i 11 aKTUBALLil B
akTuBHy (opmy D-ropmony (1,25(OH),D) B opranismi
Ma€ TMpOWTH 2 eTamnu TiApOKCUIIOBAHHS: TIepUINii eTarn —
y meviHui, ae Bitamin D nepetBoproeThest Ha 25(OH)D —
Kaavyudion; APYruii etarn — TiApPOKCUJIIOBAHHS, 1110 Bif-
OyBa€ThCS IIepeBaXXHO B HUpPKax (3a ydacTio (epMEHTY
lo-rinpoxcunazu CYP27B), i itoro pe3yabsTaToM € CUHTE3
GiosoriuHo akrusHoro D-ropmony (1,25(0OH),D — kane-
yumpiony). Bitamin D, IpoXoauTh CBOI €Tary MepeTBOPEH-
HS y TIeYiHL i HUpKax Ta IeMOHYEThCS B LLIKIipi, MiALIKip-
HO-XXUPOBIl KIIITKOBUHI, M’s13ax i meuinui [1, 7, 12—15].

Bitamin D peryntoe BeauKy KidbKiCTh T'€HiB, B OCHO-
BHOMY MOB’sI3aHUX 3 METa00Ji3MOM KaJibllilo Ta hocdaris,
a TaKOX IHIIMX TeHiB, IO PETyJI0ITh META00J1i3M 3aJ1i3a;
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KpiM TOro, 6epe y4yacTh y 3arajibHili peryJsiii mpoJigepa-
1ii Ta nucepeHiitoBaHHs KJIiTuH [12, 15—17].

OcHOBHMI 1HUISIX MeTabosidMy BitamiHy D — Hup-
KU, 110 € ENAUHUM JIKEPEJIOM LIMPKYJIIOIUYOr0 aKTUBHOTO
D-ropmony (1,25(0OH),D — kaavyumpiony), Tofi K eKc-
TpapeHaibHa akTUBHICTL CYP27B1 3a6e3neuye nuiie na-
pakpuHHi 200 aBTOKpUHHI PyHKIiii [18, 19].

Ha puc. 1 rpagiuHo y3araJbHeHO OCHOBHI €Tary MeTa-
0o:i3my Bitaminy D B opranisami monunu [1, 7, 12—15].

XpoHiuHa xBopoba HuUpok (XXH) — ypaxeHHsS HU-
POK, IO XapaKTEePU3YEThCS TOPYIIEHHSIM iX CTPYKTYpHU
ab6o ¢ynkuii. XXH — martosioriyHuii mpouec, 1o Cymnpo-
BOJIKYETBCSI TIMOYYTJIMBICTIO 10 BiTaMiHy D i3 mopyiieH-
HSIM peryJsiiii MeTabosi3My (eKCTpapeHallbHOI aKTUBALIil
CYP27B1 — excrpapeHanbHoi npoaykuii 1,25(0OH),D)
[12, 18—20].

V manienTi i3 XXH, 3a maHuM#u Jritepatypu, CIIOCTe-
piraeTbcsl 3HaYHa MOLIMPEHICTh nediunty (HemocTaTHOC-
Ti) BitaMiHy D, cepes OCHOBHMX MPUYMH SIKOI Haifyacriiie

BUPI3HSIOTh HACTYIIHI: HYTPUTUBHUM AediuuT BiTaminy D;
3HUKEHHS CHIIOTEHHOTO CUHTE3Y BiTamiHy D, (3MeHIIEH-
Hs1 iepeOyBaHHs naiieHTa 3 XXH mif BIIMBOM COHSIYHO-
ro ynsTpadioIeTOBOro BUMpPOMiHIOBaHHS a00 JIepMoIiarii);
30inbiIeHHsT (akropa pocty ¢iopobaactiB (FGF23)
orocepenkoBaHui KartabosisM BiTamiHy D; 30iablieHHSs
BTpar BitamiHy D HUpKamu (He)pOTUUHUI CUHAPOM) Ta/
abo 3aCTOCYBaHHsI 3aMiCHOI HUPKOBOI Teparii (miaiz abo
nepUTOHeaNbHUI iani3) [21—-27].

3a pesyabTaTaMM aHaJi3y JiTepaTypHUX IxKepea 0a3
nanux PubMed, Embase, Scopus ta Web of Science, Co-
chrane Central, Bu3zHaueHHs1 25(OH)D € Halikpaiium map-
KepoM B OLLiHIIi piBHS BiacHOro BiTamiHy D y maliieHTa 3
XXH, a liquid chromatography/tandem mass spectrometry) —
pinHHa xpomaTorpadisi/TaHaeMHa Mac-CIEKTPOMETPisl €
PEKOMEHI0BAaHUM METOIOM BUOODPY Y BU3HAYEHHI MeTabo-
qitiB Bitaminy D nipu XXH, oco61uBo Ha mi3HIiX cTamisix
3axBoproBaHHs [28—33]. BomHouac ciin 3a3Ha4uTH, 110 Y
niteit (0—17 pokiB) 10 3aBepiiieHHsT (hOPMYBaHHSI OTIOPHO-

Bitamin D Hagxof Bop

yepes ynbtpadi p

wripw abo s imelw.

Ixipa
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== = M‘“M D Yepes xinomikponi i nimdy
=/ Blrauln D,
-
-

N
KpoBOHOCHA CHETEMA *
M Bitamin D

Xapuosl nwepena
gitaminy D, Ta D,

Metabonizm sitaminy D: gns aHTHBAL)T B SKTHBHWA ropmoH HeabxigHi gsa eTank
rigporcumoBanHA; cnosatiy CYP2R1 B nevinyi go 25-rigpokcusitaminy D [25{0H)D), a noTim
CYP27B1 & HupHax b0 inwmx T Ao 1,25-gwri, D [1,25{0H)20].

Ha neviHHOBE rigpoKCHAIOBAHHA MOME BIANBATH EHEPTETHUHUA meTaBoniam, a foro

Gyl

edeHTHEHICTD SHIMYETECR NPH piaberi ta
Hup CYP27B1 AMTBCA Mig CyBop p P 3 Boky rop
CYP2R1 wo pery i ofimi | igmuit ropmon, MTT | daktop pocty
dibpobaactie 23, FGF23), 3 HeraTHeHUM 380POTHWM 38'A3HOM 8ig camore 1,25(0H)20,
D-25 il icTe CYP27B1 mMome SaNemuTH B CySCTPATY | CTMMYAICETLER B YMOBAX
Docdop, Kanbyid Ta inwi daxTopu - 3ananeHHa.
* 25-rigpokchaitamin D
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Naparropsmos 3AN03M riapoKcs 25-ri D [25(0H)D] a0
( o Ipinu 1,25-gurigpokcusitaminy D [1,25(0H)20; aktmera dopma
Kicrva | BCTeOKNACT BiTaminy D] 24-rigpoxcknasa (kogyetoca CYP24A1)
3 W 3 i i 25(0H)D i 1,25(0H)20 ao
- e BOMORTYBAHHA KAABLING
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Minepanisauin Kicvkasol Tkaunmn  MetaBoniuni Heilpom'3osa dynkuia KpoBoOGir i, TAKMM YHHOM, HAABATH EHAOKPHHHY A0,

PucyHok 1. Etanu meta6oniamy BitamiHy D B opraHiami nroguHu (agantosaHo) [1, 7, 12-15]
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PYXOBOIO araparty, Ha Hallly AYMKY, JOLJIbHO BM3HA4YaTW  BUCTada€. TaKoX JTOPEYHO MPOBOAUTU Y MALIEHTIB IUTSI-
kanvyumpion (1,25(0OH),D,) — axTuBHY (hopMmy BiTaMiHy  4Oro BiKy i MOHITOPUHT PiBHS MapaTrOPMOHY (IapaThpe-
D, ockinbku 3a sH1xeHHs pLLIK® menme 60 Bindysaeth-  oigHuit ropmon, ITT) [34—43].

Cs1 3HMDKEHHSI aKTMBallii HUpKaMU MPOAyKIii BitTamiHy D: 3a TaHMMM OIHOTO 3 ocTaHHiX MeTaaHamiziB (Christo-
piBeHb 3arajibHOro BitaMiHy D Moxe O0ytu Benukum, po-  doulou M., Aspray T.J., Schoenmakers 1., 2021), 1110 BKJ1to-
Te ioro merabonity — Kanpuurpiony (1,25(OH),D,) — He  uyaB cucremHmii orian 22 paHIOMi30BaHMX KIHIYHMX

-
 Inconauia Y
e A .
] “—=x
- Hytputmesi
obmexmenns

111.25(0H).D
o ; - ‘_ \ -, )
: : : e
] ® _ -
[Cunres NTT Ca \Ca + Minepanizauin KicToK
{Excnpecia VDR BOMOKTYBAMKA peapcopbys

. Excnpecm CaSR .
ByINnoda rmepnnasa \ / o

1TPTH e———lCa -
(SHPT)

PucyHok 2. Bzaaemo3B’si3ok Mix gegpiuntom Bitaminy D, XXH —
MiHepanbHUMK Ta KICTKOBUMM po3/iafiaMu i BTOPUHHUM
rinepnaparnpeo3om (agantoBaHo) [12, 44-46]

NOCHiIKeHb (MalieHTH 3 IOAiaJli3HUM
erantoM XXH (> 18 pokiB), a TaKOX po3-
[JSIaIACS  Pe3yabTaTh JOCHTIIKEeHb Ha
Oynb-skit cramii XXH; Bci mocaimkeH-
HI Oyau IUIale00-KOHTPOJIbOBAHUMMU,
MOPiBHIOBAIM JBa Ta Oilbllle METOAU JIi-
KyBaHHS$I), Y SIKUX 3aCTOCOBYBAJIM pi3Hi
¢dopmu Bitaminy D abo iforo aHayioris 3
pe3yjibraTaMu, TOB’SI3aHUMU i3 XPOHIY-
HOI0 XBOpPOOOIO HUPOK — MiHepajabHU-
MM Ta KiCTKOBUMM po3sjiafiaMu (chronic
kidney disease — mineral and bone disorder
(CKD-MBD)) (puc. 2), a TAKOX MeTaaHa-
miziB I1TT, 3a3HaueHo, mo epeKT carie-
MeHTalii BitaMiHy D y pailioH IaiieHTiB
3 XXH OyB HeomHo3Haunum. Tak, ca-
IIEMEHTalisA katvuyugediony (25(OH)D,)
Ta MOro aHajJoriB IOCIIIOBHO TIPU-
rHivyBaja IITI, ane migBuIeHHS piB-
Hs1 FGF23 npu 3acTocyBaHHi aHajoriB
KaJIbLIUTPiONy MOTpedye 0OepesKHOCTi.
Hacranosu mis cranmiii XXH G1-G3a
BiIMOBITAIOTh 3araJIbHUM MOITYJISILITHIM
peKoMeHallisiM. 3aCTOCYBaHHSI KaJlbLIU-
tpiony (1,25(0OH),D) a6o itoro ananoris
obMmexeHe ctafgiamu G3b—GS i 3a1eXUTh
BiI KJIiHIiYHUX OCOOJIMBOCTEH IMalli€HTa 3
XXH [44].

Ha xanb, ctig BU3HATH, 110 3a TaHU-
MM HayKOMETPUYHOTO TONIYKY pe3yjbTa-
TiB TOCJiIKEHb 111010 AeIilUTy BiTaMiHy
D gk BaxiauBoro akTopa po3BUTKY Ti-
nepraparupeosy, ¢dakTopa, 1110 acollito-
€ThCSI i3 PO3BUTKOM CEPLEBO-CYJAMHHUX
po3iamiB Ta IaToJIOTil KiCTKOBOI CHCTe-
MU Yy JUATSIYiil HePPOJIOTiYHIi NMpaKTUIli,
noBojii Mayio. ¥ pociimkeHHi R. Shroff
et al. (2012) (paHmomi3oBaHe ITOABIiiTHE
cllinme I1ame00-KOHTPOJbOBAHE IOCITi-
mxeHHs y giteir 3 XXH 2—4-i cramii, ski
Manu naeiuut 25-rimpokcuBiTaminy D
(25(OH)D)), BiTamin D (eproxkanbuude-
poJ1) abo BiAmoBinHe MmIanedo Hali€HTH
nutsiyoro Biky 3 XXH 2—4-i crazii otpu-
MYBAaJIU IIOAHS Y TO03YBaHHSX BiIOBITHO
JI0 HaCTaHOB 3 JIiIKyBaHHSI HUPKOBMX 3a-
XBOpPIOBaHb. [IepBUHHOO KiHIIEBOIO TOY-
KOIO JOCJIi/DKeHHST OYB Yac 0 PO3BUTKY
rinepnapatupeo3dy [34]. I3 obcTexxeHux
72 nmiteir, mo mamu XXH 2—4-1 cragmii,
47 nmiteit manu pedimut 25(0OH)D i 6ynu
paHOOMi30BaHi 111 OTPUMAHHSI €pro-
Kanblubepoy ado riaieoo (mo 20 miteit
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y KOXHIill TpyIi); MeliaHa CIiocTepexkeHHs cTaHoBMIa 12
MmicsuiB. Y 9 3 20 miteit, siki oTpuMyBasiu nianedo, iy 3 i3
20 piteit, SIKi OTPUMYBAIU €proKaabl(epos, pO3BUHYBCS
rinepmapatupeo3 (OR 4,64; 95% CI 1,02—21,00). Yac mo
PO3BUTKY Tineprapatupeo3y OyB 3HAYHO TOBIIUM TIPH Jii-
KyBaHHi eprokaibiindeposioM NopiBHsIHO 3 1uiaiiedbo (OR
0,30; 95% CI 0,09—0,93, P = 0,05). Ilpwu nikyBaHHi epro-
KanpudepooM HopManbHi piBHi 25(OH)D Oymm mocsr-
HyTi y Bcix 8 miteit 3 XXH 2-i cranii; y 8 3 11 miteit i3 XXH
3-i cramii, aje y XKOOHOTO Mali€eHTa IUTsI4oro Biky 3 XXH
4-i cramii. He Oy710 XOIHUX ITOB’I3aHUX 3 €proKaabluge-
poJjioM HebGaxkaHUX sBUIL. 111 mocArHeHHs pehepeHTHUX
piBHiB 1,25-nurigpokcuBiTaminy D OyB HeoOXimHuii pi-
BeHb 25(OH)D > 100 HMoub/n1. 3a miACyMKaMM KIJIiHIYHOTO
JochiakeHHs 0yB 3po0JeHMIT BUCHOBOK, IO carjeMeHTa-
wist BitaMminy D (eprokanbiudepody) y aiteit 3 XXH 2—4-1
cTajiii 3aTpUMye PO3BUTOK BTOPUHHOTO TileprnapaTupeosy.

Llum mocmimkeHHSIM OyJIo po3IloyaTo poOOTy 3a Ha-
MPSIMKOM 11I0JI0 BIUIMBY HAaTUBHOTO BiTaMiHy D (25-rin-
pokcuBitamin D, 25(OH)D) Ha po3BUTOK Komnaekcy
CKD-MBD (XXH — minepanvui ma kicmkogi pozaadu), i’y
2017 pori poboya rpymna €BponeicbKoro TOBapucTBa M-
151901 Hedposorii (ESPN) 3 CKD-MBD (puc. 2) Ta po6o-
ya rpymna 3 Jfiajizy po3po0uin peKoOMeHIallii 00 OLIiHKY,
JIiKyBaHHS ¥ npodinakTuku aediuuty BiTaminy D y miteit
3 XXH [45].

Tyt xotinocs 6 3BepHYTH OCOOJMBY yBary Ha BUKOPHC-
TaHHS aKTUBHUX (popM BitaMmiHy D y mauieHTiB AUTSIYOTO
BiKy Ha mi3Hix cramisx XXH. Ha BimMiHy Bim xap4oBux
dopwm BiTaminy D kanbiuTpios, anbhakaibIuaos, 1oKcep-
KaJpudepost i MapuKaJlbIIUTOJ HE MOTPEOYIOTH TiIPOKCH -
JIIOBaHHS B HUPKaX, OCKUIBKI BOHM a00 BXKe aKTUBHi, a00
MPOXOIITh MIBUAKY aKTUBALIiIO B ImeviHii. Lls BmacTuBicTh
poOUTh 3a3HavyeHi akTUBHI (opmu BitamiHy D edexTun-
HUMU HaBiThb y MalLi€HTIB 3 Mmi3HiMu ctamismu XXH, saxi
MOXYTb MaTU HU3bKY aKTUBHICTb 10/-TiZpOKCUIa3U.

TakMM 4YMHOM, 3aCTOCYBaHHSI aKTMBHUX (pOpM BiTa-
miHy D € HapixxHum KameHeM Yy JikyBaHHi CKD-MBD, i
CcyJacHi MiXHapomHi HacTaHOBM [45, 46] peKOMEeHIYIOTh
BUKOPUCTOBYBAaTH aKTWBHI IpenapaTtu BiTaMiHy D s Jti-
KYBaHHSI MOopunHo20 einepnapamupeo3y — secondary hyper-
parathyroidism (SHPT) y naii€eHTiB 3 TepMiHAIbHOIO CTali-
€10 XXH, sKi 3HaxomsIThes Ha 3aMiCHIM HUPKOBII Tepartii.
BomHouac Ti 3k caMi peKoMeHallil BKa3yloTh Ha Te, 110 ix
HE CJIil pyTUHHO BUKOPMCTOBYBATH y MALIiEHTIB HAa paHHIX
cramisx XXH (miamizHuii mepiom), 3a BUHSITKOM BUIIAIKiB
TSKKOro Ta mporpecyiouoro SHPT [45, 46]. Ile nurtaHHs
JIOBOJIi TPMBAJO IUCKYTYBajoCs, i HM3Ka HOCIiTHUKIB-
KJIIHILMCTIB TIPUIYCKalOTh, 110 HU3bKi 103U aKTUBHOTO
BiTaMiHy D MOXyTh OyTH 3aCTOCOBaHi SIK JOMOBHEHHS 10
HYTPUTHUBHOTO BitTaMiHy D 3 oOMexeHHsIM (pocdartiB y pa-
wioHi nmauieHta npu jikyBaHHi SHPT, He yekatouu, moku
PO3BUHETHCS TsKKa Ta Tporpecytoua dopma [47]. Okpim
CKD-MBD, kanbuuTtpios Ta aabhakaablrI0] 3aCTOCOBY-
I0Tb IS JTIKYBaHHSI OCTEOITOPO3Y, OCTEOMAJISIIIIT Ta IeTKUX
GOopM TiIlToOKaJIbIIEMIi, BKIIOYHO 3 HEOHATAJIbHOIO, IIiCIsI-
orepauiifHO Ta CIPUYMHEHOIO Tinornapatupeo3oM abo
ncesporinonaparupeo3oM. MakTUYHO 11i METOAM JTiKyBaH-
H$1 301/IBIIYIOTh BCMOKTYBAHHSI KaJbllil0 B KUILIEYHUKY, 110

IMiJBUIILYE PIBEHb KaJIbLIiI0 B CUPOBATILI KPOBI, aje TaKOX
MOXe MPU3BECTU N0 TinepkasblieMii. PazoM 3 Kasbliem
IMiIBUIIYEThCS i BCMOKTYBaHHSI (pocartiB, 1110 30i/IblIye
pusuk rinepgocdareMii, 0coOJIMBO y TALIIEHTIB 3 TOpY-
EeHHSIMU (DYHKIIIT HUPOK.

Jns momosiaHHs BUILE3a3HAYEHUX TMOOIYHUX e(eKTiB
Ha (apmMakoJIOTIYHOMY PUHKY € TIperapaT CIeliaibHO
s aikyBaHHI CKD-MBD: dokcepransyugepon cxmama-
erbcs1 3 1oo(OH)D, sikuit moBuHEH OYTU TiIpOKCHUIIHOBA-
HU Ta akTUBOBaHM# y medinui. L{sg ¢apMmakommHamiyHa
XapakTepuCcTHKa 3a0e3rneuye KOHTPOJbOBAaHE BUBIJIbHEHHS
Ta aKTUBallilo BiTaMiHy D, 1110 TOTEHLIITHO TPU3BOIUTH 10
OinbII 30aJ1aHCOBAHOrO BIUIMBY Ha MiHEepaJbHUI 0OMiH Ta
MEHII BUPaXXEHOTO BIUIMBY Ha abcopO1ito KaJibllito il hoc-
datiB y nauienTin i3 XXH [48]. OnHak nokcepKayibiude-
POJI CITif MpU3HAYaTh 3 00ePEXXHICTIO MAILliEHTaM 3 MeYiH-
KOBOIO HEAOCTaTHICTIO [49].

Ha 3aBepiiieHHs orjisiy, MPUCBSIYEHOTO BUKOPUCTAH-
Hio Bitaminy D y miteii 3 XXH, 3a3HaummMo, 1110 icHy€ onuH
BaXXJIMBUI aCIeKT, SIKUi MOTPeOye 10AATKOBOTO aKIIEHTY-
BaHHs. CIMpalovyrch Ha BIACHUM KIIHIYHUN Ta HAyKOBUI
IIOCBi, Ha JaHi JiTepaTypHUX mxepel [12, 45], xoTinocs 6
3ayBaXkaTH, 1110 iHOMi KJIiHiIMCTaMM irHOPYETHCS MaTodi-
310J10TIYHUM (aKT iCTOTHOTO 3HUKEHHSI 30aTHOCTI HUPOK
CHHTE3YBaTU aKTUBHUI MeTaboJIiT Bitaminy D (D, a6o D,)
3 loro HaTMBHOI (hOpMU Uepe3 TMOpYILIeHHST QYHKIIII HU-
poxk npu XXH 3-i cranii Ta Bunie (XXH 3+). Lle o3Hauae,
10 BUMipIOBaHHSI KOHIIEHTpAallii HATUBHOTO BiTaMmiHy D
y ruia3mi Kposi ipu XXH 3+ crtae manoiHhoOpMaTUBHUM,
OCKiJIBKM MOTO PiBEHb BXE HE € CYTTEBUM (PaKTOPOM, 1110
BIUIMBA€ HAa CUHTE3 aKTUBHOTO MeTabosiTy. Binbiie Toro,
31 3HIDKEHHSIM HIPKOBOI (PYHKIIII 1151 3a1€KHICTh JIUIIIE T10-
CUJTIOETHCS.

3 MaTOreHeTUYHOI TOUKU 30py OUIBII JOLIJIEHUM € BU-
3HAYEHHS caMe aKTUBHOro Merabosiry Biraminy D (D, abo
D,, 3a51€5KHO BiJ TOrO, KM 3aCTOCOBYETLCS ISl JIIKYBAHHS
KOHKPETHOI JitonnHu) y nauieHTiB i3 XXH 3+. Tepamis Ta-
KO Ma€ IPYHTYBAaTUCSl HA BUKOPUCTAHHI aKTUBHUX METab0-
JIiTiB BiTaMiHy D, a e(heKTUBHICTb JIIKyBaHHSI CJIil OL[iHIOBA-
TH 3a IMHAMIKOIO PiBHIB KaJbllito, (hochopy, mapaTrOpMOHY,
a TaKOX 3a TTIOKa3HWKaMU IIUTBHOCTI KiCTKOBOI TKAHWHM.

BusHaueHHs1 HaTUBHOTO BiTamMiHy D y 1TaHOMYy KOHTEK-
CTi CTa€ BTOPMHHUM i HE Ma€ 3HAYHOTO BILJIMBY Ha KJIiHi4-
Hy KapTuHy. HaToMicTh oIliHKa aKTMBHOTO METa0OoiTy Ta
Oro BIUIMBY Ha MeTa0OJIi3M Kajblilo i hochopy € Oibin
TOYHMM METOIOM MOHITOPUHTY. J1JIsI OLliHKY €(PeKTUBHOCTI
JIIKyBaHHS TaKOX PEKOMEHIOBAHO BUKOPUCTOBYBATU YJlb-
TPa3BYKOBY JIEHCUTOMETPIIO SIK MEHII iHBa3UBHUIA METO/I.

TakuMm yMHOM, MU BBaxaemo, 1o npu XXH 3+ kio-
YOBUMMU aCIEKTaMU €:

1. OuiHka akTUBHOTO MeTaboIiTy BiTamiHy D.

2. Tepanis aktuBHMMM MeTabonitamu (D, a6o D).

3. MoHITOpUHT e(PeKTUBHOCTI JIIKyBaHHS Yyepe3 KOHT-
poJib PiBHIB MapaTropMoHy, KaJibliito, ¢hocdopy B KpoBi Ta
MOKA3HMKIB IIIJIBHOCTI KiCTKOBOI TKAHWHMU.

Taxuit maroreHeTUYHUI TiAXiA JO3BOIUTD MOTITIITATA
pe3yJbTaTy JIiIKyBaHHS Ta 3a0€3MeUnTh NMalliEHTaM TUTSIYO0-
ro Biky 3 XXH 3+ agekBaTHe KOpUTyBaHHS METa0OTITHIX
rnopyiieHs [50].
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BMCHOBKMU

Hediunut (HemocTaTHICTh) BiTaMiHy D € rio6aibHOO
Mpo0JIEMOIO OXOPOHU 3M0POB’S y AUTSAYIN TOMYJIsSILLil, 30-
kpema cepen niteir 3 XXH; nedimut Bitaminy D crnipusie
MOPYIIEHHIO ToMeocTa3y MiHepaiabHoro oominy Tta I1TT.
[MopyiieHHst MmiHepaibHOTrO 00MiHY rpu XXH npuszBonuth
1o po3Butky crany CKD-MBD. ¥V mutauomy Bini CKD-
MBD cTBOpIOE YMCIIeHHI TIepelIKOaN IS HaKOIMMICHHS
KiCTKOBOI TKAHWHU i MPU3BOIAUTH /10 MOPYLIEHb (hOpMY-
BaHHs Ta (PYHKIIOHYBaHHSI OIIOPHO-PYXOBOTO araparty
JTUATUHU.

— Jlns ouinku crtaTtycy BitaMmiHy D y miteit 3 XXH
2—5]1 cTanii peKOMEHAYEThCSI BUMIpIOBAaTU KOHLICHTpPALLilO
25(OH)D y cupoBariii KpoBi.

— st ouiHku ctartycy Bitaminy D y miteit 3 XXH 3+
crazii i 3anmobiraHHs1 riporpecytouiii popmi SHPT peko-
MEHJIYETHCSI BUMIPIOBATH KOHIIEHTpPALlil0 aKTUBHOTO Me-
Tabosity BitTaMiHy D 3 MOHITOpUHIOM e(peKTUBHOCTI JIi-
KyBaHHS$ 4yepe3 KOHTPOJIb PiBHIB MapaTrOpMOHY, KaJblIlilo,
docdopy B KpOBi Ta ITOKA3HUKIB IILTBHOCTI KiCTKOBOI TKa-
HUHU.

— I[IpomoHy€eThCS pexkrM BUMipIOBaHHS KOHIIEHTpAIlii
25(OH)D y cuposatui kposi y piteit 3 XXH 2—5]/1 cranii:
1) 6—12 pasiB Ha Micaup 3ajexHo Bia cranii XXH y miteit,
SIKi He OTPUMMYIOTbH JIiKyBaHHS BiTaMiHOM D; sIK1110 piBeHb
HOpMaJIbHUi, BUMipioBath 6—12 pasiB Ha Micaup (Ha
ocHoBi nonepeaHboro piBHs 25(OH)D Tta cranii XXH);
2) y pasi HeoOximHOCTI caruieMeHTauii BitTamiHy D mepe-
BipTe 1ioro piBeHb uepe3 3 Micslli: SIKIIO piBeHb HOpMaJib-
HUIl — MPOAOBXYHTEe MpuitoM BiTaMiHy D, K 3a3Ha4eHO
BUIIE, i BUMIPIOWTE Oro piBeHb KOXHi 6 MICSLB; SIKIIO
piBeHb HU3BKUI — PO3IJISIHBTE MOXJIMBICTH TMTOBTOPHOTO
KypCy 3aMiCHOI HIPKOBOI Tepallii i ITOBTOPIiTh BUMipIOBaH-
HS 4epe3 3 MicsIIi.

—  PexkoMeHOyeTbcsl MiATpUMYBaTH  KOHILIEHTpa-
uito 25(OH)D y cuposarii KpoBi Bullle 3a 75 HMOJIb/I
(> 30 Hr/ma) y nauieHTiB autsiyoro Biky 3 XXH 2—5]1
crafii.

— TIpomoHy€eTbCcsl BUKOPUCTOBYBATH HATHUBHI IIpe-
napatu BiTamiHy D st nikyBaHHST aedinuty BitaMiHy D
y niteit 3 XXH 2—5]1 cragii, ski MalOTh KOHLIEHTpAILilO
25(0OH)D y cupoBariii KpoBi HUXXYe 3a 75 HMOJb/1. Y mi-
teit 3 XXH 2—3-1 ctanii mopsz 3 mperapaTiMyU HATUBHOTO
BiTaMiHy D MoXHa BUKOPHCTOBYBATH TEPAIlilo aKTUBHUMU
Mmerabogitamu (D, a6o D,) ana npodinaktuku abo Jiky-
BaHHSI BTOPUHHOTO TineprapaTupeosy.

— IIpormoHyeTbCsI BUKOPUCTOBYBATU JIiIKyBaHHS Bi-
tamiHoM D, (eprokanbuugepon) ado Biraminom D, (xo-
nekanabuudepon) y mireit 3 XXH 2—5]1 cragii mist migBu-
meHHs piBHg 25(OH)D y cupoBartili KpoBi 10 1iIbOBOTO
Jiara3oHy.

— JInsg podiakKTUKHY Ta JIIKyBaHHS AeiliuTy BiTami-
Hy Dy nmireit 3 XXH 2—5]/1 cragii peKOMEeHIYEThCSI BUKO-
PUCTOBYBATH CXeMY JIiKyBaHHSI, 1110 BPaXOBYE BiK Ta KOH-
HeHTpalilo BitaMmiHy D; Teparrist Merago3amMu Bitaminy D
HE PEKOMEHIYEThCS.

— Ilpwu nmikyBaHHI AiTeil peKOMEHIYETHCS TTPUITUHUTHI
npuiiom Bitaminy D mpu konueHtpauii 25(OH)D y cu-
poBartii kpoBi 120 HMonb/1 (48 Hr/min). CUMITOMAaTUYHA

TOKCUYHICTb BiTamiHy D BuzHavaeThbcs sk piBeHb 25(OH)
D y cuposarii kposi Buiiie 3a 250 HMOJIb/JT 3 TinepKablii-
eMi€lo, rinepkaibliiypieto Ta npurHiveHHsM [1TT.

KonduikT inTepeciB. ABTopu 3asBISIOTH TIPO BiICYT-
HiCThb KOH(IIIKTY iHTepeciB Ta BjlacHOI (hiHaHCOBOI 3aili-
KaBJIEHOCTI TIPU TiATOTOBILi JAHOI CTATTI.

Buecok aBTopiB y podoTy Han cTarTer0. bespyk B.B. —
KOHIIEMIIisl Ta Au3aiiH poOOTH, MOIIYK i 00poOKa MaTepia-
JiB, HanucaHHA Tekcty; IBanos 0. J0., IlIkpo6aneup I.J1. —
MOIIyK 1 oOpoOKa MaTepiadiB, HamMUCaHHS TEKCTY;
OnenoBuu O.A. — HamucaHHs TekcTy; Makaposa O.B.,
Kaymanceka O.B., Cemanb-Minbko I.C. — aHaJi3 nitepa-
TYPHUX JIKepet.
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The role of vitamin D in mineral and bone disorders of children in chronic kidney disease
(literature review)

Abstract. The article presents an analysis of theoretical and prac-
tical results of research in PubMed, MEDLINE, Embase, Scopus
and Web of Science databases on the study of vitamin D metabo-
lism and its role in the development of mineral and bone disorders
in children with chronic kidney disease, assessment of potential
nutritional needs and risk factors for the development of complica-

tions of mineral and bone metabolism on the background of ne-
phrological pathology. The article focuses on the use of vitamin D
in renal replacement therapy in pediatric patients.

Keywords: vitamin D; children; chronic kidney disease; chronic
kidney disease — mineral and bone disorder; renal replacement
therapy; review
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Cy4yacCHUM norasA Ha NPodIiAAKTUKY
TA MeTAPIAOKTUKY CeYOKAM’aHOT XBOpoo6tu

Pestome. Cevokam’aHa xsopoba (CKX) — rnoLumpeHe MyAbTUPAKTORIAAbHE 3AXBOPIOBAHHST CEYOBUAIAb-
HOI crcTemMum 3 BUCOKOHK HACTOTOKO PELMAMBIB. Y CTQTTI LO3IASIHYTO CYHQACHI MAXOAM AO MPOGIAQKTVKM T Me-
ragirakTkm CKX. MNepBuHHQ Mpo@IAQKTMKQ 6Q3YETLCST HQ KOPEKLI CIOCOBY XXUTTS: QAEKBATHIV riapaTaLji,
AIETNYHNX PEKOMEHAQLLISIX, 3HUKEHHI CMIOXKMBAHHST HQTPIO, BIAKQ TQ OKCAAQTIB. MeTa®inQKkTKa — L iHAM-
BIAYQAI30BAHQ CTOQTETIS], LLO BPAXOBYE CKAQA KAMEHST, METQOOAIYHI MOPYLLUEHHST TQ CYrlyTHI 30XBOPKOBAH-
Hs1. OrAsia TAKOXK BKAKOHQE HOBI HAMPSIMU AOCAIAKEHDB! POAb MIKPOBIOTH, reHETUYHMX GAKTOPIB, LIMPPLOBUX
TexHoAorivi Ta LUIL TiaAKpeCAOETLCS MOTPeba B MyALTUANCLMIAIHOPHOMY MAXOAI TQ TOMBAAOMY CYrpPOBOAI
MQALIEHTIB ANST BMEHLLEHHSI PUSUKY PELIMAMBIB TQ YCKAGAHEHSD.

KAIO4OBI CAOBQ: cevokam sHa xBOPOOQ, YPOAITIA3; MPOGIAQKTUKA; METADIAQKTUKA, PELIMAMB, MMEepKAAb-
Liypisi; rinepOKCaAypIs, YPQTHI KAMEHI; LMTPAT, AIETQ, MAPQATALS, KULLKOBA MiKpOBIOTA, reHEeTUKA, LUTYYHUA

IHTeAEKT; NepCOHANIBOBAHA MEANLIMHA

Ceuokam’siHa xBopoba (CKX), abo ypodiTias, € ofiHi€0
3 HalOLIbII MOIIMPEHUX MATOJIOTili CEYOBOI CUCTEMHU, sIKa
Ma€e CyTTEBE MEJIMYHE, COllialbHEe Ta €KOHOMIUHE 3HAUYEH-
Hs. 3TiTHO 3 eIMiIeMioIOTIiYHMMM TaHUMHK OCTaHHIX POKIB,
MOIIMPEHICTh ypouliTiady craHoBuTh Big 10 mo 15 % cepen
JIOPOCJIOTO HACEJIEHHS B PO3BMHEHUX KpaiHax, a y JesIKUX
reorpadiuHux perionax csirae 20 % [1]. Y 3B’a3Ky 3i 3Mi-
HOIO XapakTepy XapuyyBaHHS, 30iUIbIIEHHSM TPUBAJIOCTI
KWUTTS, TJIOOAJIbHUMM KJIIMAaTUYHUMHU 3MiHAMU Ta 3pOC-
TaHHSIM YacTOTUM MeTa0OJiUHOTO CHHAPOMY OUiKYEThCS
nofaiblie migsuiteHHs nommpeHocTi CKX y Haitomkyi
JECSTUIITTS.

CKX xapakTepusy€eTbCsl YTBOPEHHSIM KaMEHIB Y ceuo-
BUBIIHUX LIJISIXaX, 1110 CYMPOBOIKYETHCS PELIMANBYIOUUM
nepebiroMm, 6ojieM, 0OCTPYKIIE€IO, pU3UKOM iH(EKIIill ce-
YOBUX IIISXiB, pO3BUTKOM TiApoHe(ppo3y Ta, Y HUA3LI BU-
MNaaKiB, pO3BUTKOM XPOHIUHOI XBOpOOM HUPOK. 3a JaHU-
MU CydyacHMX JIKepeJsi, YIPOIOBX 5 POKiB ITiCJIsI MepIIoro
emizony CKX 'y 30—50 % naitieHTiB BUHUKA€E peruaus [2].
CamMe Ll CXUJIBbHICTD 10 IIOBTOPHOIO HedpoJliTiazy 3yMOB-
JIIOE MOTPedy B TOBFOCTPOKOBOMY MOHITOPUHIY Ta BIPO-
BaIlKEHHI CUCTEMHUX MiIXOAiB 10 MEPBUHHOI Mpodinak-
TUKM Ta MeTailaKTUKK 3aXBOPIOBAHHS.

AKTyaJIbHICTh TIPOOJIEMU TAaKOX TOJISITAE B TOMY, 11O
CKX pinko oOMeXyeTbcs Julle JOKaJbHUMU 3MiHAMU B
CEYOBilf cucTeMi — BOHA TiCHO TOB’s13aHA 3 HU3KOIO CHC-
TEMHMX 3aXBOPIOBaHb OOMiHY pEYOBMH, TAKUX SK ToJarpa,
OXUpPiHHS, LYKPOBUM nOiabeT 2-T0 TUILy, MeTaOOJidYHUIA
CUHIPOM, apTepiajibHa TinmepTeH3id. HasBHiCTH yposti-
Tia3y, 0COOJIMBO Yy MOEAHAHHI 3 IIUMU MAaTOJIOTisSIMU, 3HA-
YHO MiJABUIIYE PU3MK PO3BUTKY HHUPKOBOI HEAOCTATHOCTIL
[3]. Takum unHOM, edpekTuBHA TTpodinakTuka CKX moxe
3MEHIIIUTY 3arajibHe HaBaHTaXKeHHSI HA CUCTEMY OXOPOHU
310pOB’sI Ta BMEHIIUTH EKOHOMIYHMUIA TsITap.

IIpodinmakTka ceyokaM’sTHOI XBOPOOM BKITIOUAE 3Mi-
Hy CIIOCOOY XUTTSI, 30Kpema HopMaJi3allilo XapuyyBaH-
Hsl, 30UIbIICHHS CITOXWBAHHS PiIWHM, OOMEXEHHS CITO-
KMBaHHS COJIi, OIKIB Ta IIaBJIeBOI KUCIIOTH, KOPEKIIiIO
CYIyTHIX MeTa0OJiYHMX IopyllieHb. MeTadilakThnka X
nependavae iHAMBiMyalTi3oBaHi 3ax0mu, sIKi 0a3ylOThCs Ha
pe3yabTaTax MeTaboIiYHOTO OOCTeXKeHHSI, CKIali CEYOBUX
KaMeHiB Ta 24-ronMHHOMY aHaJi3i ceui. B ymoBax nokaso-
BOI MEIMLIMHU 1i IMiAXOAW OTPUMAIU 3HAYHY IiATPUMKY
B PEKOMEHAALlisIX MPOBiAHMUX MiXKHAPOAHUX OpraHizalliid,
K-0T €BporeiicbKa acotiaitist ypoJjoris (EAU) ta AMepu-
KaHCbKa ypoJsioriuHa acouiattist (AUA) [4, 5].
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OpHak, TOMpU HasBHICTb JeTaJbHUX pPEeKOMeHa-
LI, MpakTUKa MoKa3ye, 110 3HAaYHA YacTUHA MAalliEHTIB
He OTPUMYE HaJIEXHOI MPOQIiTaKTUYHOI TOMOMOTH MicJIs
enizony HedpoJitiady. Y 0aratbox BUITaIKax JiKyBaHHS
00MEXYETBCS JINIIIE XipypriYHUM BTpYUYaHHSIM Oe3 To1asib-
1Ioro 3’siCyBaHHSI TIPUYMH HedpostiTiazy Ta MpuUu3HaAUYEeHHs
BinmoBigHoi Metadinakruku. Lle npu3BoauTh 10 BUCOKOI
YacTOTH PELIMAMBIB i yCKIamHEHb. 3 OIJIAIy Ha 1Ie OMHUM i3
KJTIOUOBHX 3aBHAaHb CY4aCHOI YPOJIOTii € MiIBUILIEHHS PiB-
HsI 00i3HAHOCTI JIiKapiB Ta MALi€HTIB IIOA0 MOXJIMBOCTEM
i DOLIIBbHOCTI MeTadiTaKTUUYHOIO ITiAXOAY MO JiKyBaHHS
ypoJIiTiasy.

Kpim Toro, y ¢okyci cydyacHux OOCHiIXKeHb Iepe-
OyBalOTh HOBIi MeTOAM TPOMiIaKTUKU, IO BKIIOUAKOTh
dapMaKoJIOTiYHy KOPEKIlil0 MiKpOeJIeMEHTHOTO O00Mi-
Hy, Moaudikallilo KUIIKOBOI MiKpoOioTH, BUKOPUCTaH-
Hs iHTIOITOPIB KpMCTali3allii, TOCTiIKeHHSI TeHETUYHUX
npenukropiB CKX, a TakoxX 3acTOCyBaHHSI aJTOPUTMIB
IITYYHOTO iHTENEKTY JJIsi TIEPCOHATi30BAaHOTO MIPOTHO3Y-
BaHHSI peuuauBiB [6, 7]. TakuM YMHOM, OIVISIA Cy4acHOI
JiTepaTypu mono npodizaktuky ta MetadpimakTuku CKX
€ He JIKIIe HAYKOBO OOTPYHTOBAHUM, a i TPAKTUYHO 3HAa-
YYIIMM KPOKOM J0 ONTHMi3allil MEIUYHOI JOIIOMOIM Ta-
LiEHTaM 3 YpOJIiTia30M.

MeTol0 11i€i poOOTH € CUCTEMATH3Allisl CydaCHUX YSIB-
JieHsb 1po etionaroreHe3 CKX, oniHka e(eKTUBHOCTI icHY-
OUMX TTPOMITAKTUIHKMX Ta MeTailaKTUYHUX CcTpaTeriid, a
TaKOX OKPECJIEHHS MePCIeKTUBHUX HATIPSIMiB MOAAIBIINX
TIOCTiIKeHb y it cepi.

Etionorig Ta naroreHes
Ce4YOKAM’SIHOT XBOpOOU

CKX € mynsrudakropialbHIM 3aXBOPIOBAHHSIM, SIKE
PO3BUBAETHCS BHACTIIOK CKJIAIHOI B3a€EMOIii TeHETUIHUX,
MeTa0OJIIUHUX, TIETUYHUX, €KOJOTIYHUX Ta aHATOMIYHUX
dakTopiB. DopMyBaHHSI KAMEHIB Y CEYOBUBIIHI cucTeMi
BinOyBa€eThCsl yepe3 IMOpYIIeHHsI O6alaHCy MiXK peyoBHUHA-
MU, sIKi YTBOPIOIOTb KpUCTaiau (OKcajaaTu, KaJblliid, ceyo-
Ba KMCJIOTA TOLIO), Ta TUMMU, 11O iHTiOYIOTh KpUCTaTi3allito
(uMTpaTu, MarHiii, riko3amiHornikanu) [8—11].

[laToreHeTUYHO KJIIFOYOBUM MOMEHTOM € TIepeHAacH-
YEHHs ceyi JITOTeHHWMU COJISIMU, 110 CIIPUSIE HyKJIeallii,
pPOCTY Ta arperaltlii KpMCTaJliB, SIKi 3rOlOM TePETBOPIOIOTh-
csl Ha KaMmeHi. [le mepeHacuueHHst MoXe OyTH 3yMOBJIEHE
K CTaHaMWU, sIKi 30iIbILIYIOTh BUBEAEHHS PEUYOBUH, IO
YTBOPIOIOTh KaMeHi (Tilmepoxcamypisi, TillepKaJblLiypis,
TirepypuKo3ypisl), TaK i 3HIKEHHSIM 00’eMy cedi (uepe3
HEIOCTAaTHIO TigpaTallilo ado MiaABUILEHE ITOTOBUIIEHHS),
110 301JIbllIye KOHLEHTpallilo cofeil y ceui [§—11].

OnuH 3 BaXJIMBUX €TiOJNIOTYHUX (DaKTOPiB — 1ie rinep-
KaJIbLIiypis, sIKa HaiiyacTillle Ma€ imionaTUYHUIA XapakTep.
Bona BusiBisieThest y moHan 50 % naiieHTiB i3 KaablieBUMU
KaMEeHSsIMU i TIOB’si3aHa $SIK 3 TiBUILIEHUM BCMOKTYBAaHHSIM
KaJbllilo B KUIIEUHUKY, TaK i 3 TTOPYIIEHHSIM peabcopOoilil
KaJIbllil0 B HUPKOBUX KaHaIbLsIX. He MeHII 3Hauynmum €
rirlepoKcaypis, sska MoXe MaTy IepBUHHMI (TeHeTUdI-
HUI1) 800 BTOPMHHMI XapaKTep (3yMOBJICHNUI, HAIIPUKJIA,
MOPYILIEHHSIM KUIIIKOBOIO BCMOKTYBaHHS 200 HaJAMipHUM
CIOXXMBAHHSIM 1IaBJIeBOI KUCa0TH) [8§—11].

Baxnusoro ¢opmoro CKX € yparHuii yposiTias, 1110
PO3BUBAETHCSI B yMOBax KucJioi peakilii ceui (pH < 5,5) Ta
BUCOKOI KOHIIEHTpaIlil ce4oBOi KMCI0TH. Lleit Tn kameHiB
YacTO CIMOCTEPIraeThbesl y Mali€HTIB i3 META0OIiYHUM CUH-
JIPOMOM, TIOAArpoI0 Ta OXMPiHHSIM. BoHUM MalOTh BUCOKY
CXWJIBHICTb 10 PELUNBY, OJTHAK MOXYTb OYTH e(PeKTUBHO
npodinakToBaHi 3aBAsSKY ankajizaiii ceui [12].

LlvcTHOBI KamMeHi, Xxo4a i1 piIKiCHi, TaKOX 3aCTyTOBY-
I0Th Ha yBary y natoreHe3i. BoHM BMHUKAIOTh YHAC/iTOK
T€HETUIHOTIO Ae(eKTY — IUCTUHYPII, 1110 CIPUUMHSIE HAl -
JINIIIKOBE BUBEACHHS LMCTUHY, MOTAHO PO3YMHHOI aMi-
HokucjaoTd. BomHouac iHekIliliHi KamMeHi (HalpuKiIan,
CTPYBIiTHi) YTBOPIOIOTBHCS B YMOBAX JIY>KHOI cedi Mpu Xpo-
HiYHMX iH(EKIIiSIX CeYOBO1 CUCTEMMU, 11O CYIPOBOIKYIOTh-
csl ypea3-TIpOAYKYIOUMMM OakTepissmMu, 30Kpema Proteus
mirabilis, Klebsiella spp., Pseudomonas spp. [13].

OcranHiMu pokamu B natoreHe3i CKX akTMBHO moCTi-
JKYETHCSI POJIb MiKpOOiOMy KMIIIEUHMKA Ta CEYOBUX IILJISI-
xiB. JloBeneHo, 110 neBHi 6akTepii, Hanpukian Oxalobacter
Jformigenes, cripusitoTh Ierpajailii okcaaaTy B KUIIEYHUKY,
3HIDKYIOYM MOro CMCTeMHE HAOXOMKEHHS i, BiIMOBiIHO,
PM3UK YTBOPEHHS OKcaJlaTHUX KaMeHiB. BTpara kosoHiza-
1ii TaAKMMM MiKpOOpraHizMamu IIicJisi aHTUOiOTUKOTepartii
aCOIIIOETHCS 3 BUIIMM PU3MKOM TillepoKcalaypii Ta peru-
nuBiB CKX.

TeHeTnyHi (hbakTOpU TaKOX BiirpatoTh Iefai MOMIiTHi-
11y pojib y pO3yMiHHi maToreHesy. IneHTudikoBaHo nmoHazn
30 reHiB, acoliioBaHUX 3 MiABUILIEHUM PU3MKOM PO3BUTKY
CKX, cepen skux CLDN14, SLC26A1, SLC3A1, ALPL.
[eneTnyHi TOpyIIEHHSI MOXYTb BIUIMBaTU SIK Ha TpaH-
CIOPT eJIEKTPOJIITIB y HUPKAX, TaK i HA 3MaTHICTh OpraHi3-
My IIPOAYKYyBaTH a00 pyiHYBaTH KpUCTaNIOiHTiOiTOpHM [14].

Jlo ex3oreHHMX (baKTOpIiB, IIO CIPUSIIOTH PO3BUTKY
CKX, Hanexarn:

— HU3bKE CIOXMBAHHS PiIMHMU (OCHOBHMIA (haKTOp
PUBHKY);

— HaJUTMIIIOK TBApMHHOTO OiJIKa B pallioHi;

— HaJIMipHEe BXXMBaHHS KyXOHHOI COJIi;

— nediluT IUTPaTiB Ta MarHilO B ceyi;

— HU3bKa (pi3UHA aKTUBHICTB;

— TpuBaJje nepedyBaHHS Y CIIEKOTHOMY KJTiMaTi.

Otxe, erionaroreHe3 CKX — 11e ckiagHuil MexaHi3Mm
TMOpPYIIEHb, Y IKOMY IEePeXpeIlylOThbCsI METaOOoMiuHi, iH-
dekwiiiHi, aHaTOMiYHiI Ta MOBemiHKOBi (akrtopu. Came
ToMy e(peKTHUBHa IpoditakTKa Ta MeTadiITaKTUKa YPOJIi-
Tia3zy Morpedye KOMILJIEKCHOIO, MePCOHAIi30BaHOIO i~
X0y, SIKUAI nependavyae He Juilie JiKyBaHHS KOHKPETHOTO
erni3zofy, ajie i MOoKe po3yMiHHS iHAMBiAYyaIbHUX I1AaTO-
¢izioNoriYyHMX MeXaHi3MiB Y KOXKHOTO Ialli€eHTa.

MNpodirakTUKa ce4yoKam’aHOT XBopobu
[IpodinakTka cedokam’sTHOI XBOPOOM € KIIIOUOBUM
€JIEMEHTOM y 3MEHIIICHHI 11 MOIIMPEHOCTI, 3HUXXEHHI Yac-
TOTU PELIMAMBIB Ta MiHiMi3allii ycKJiagHeHb. BpaxoByrouun
TMOJIETIONOTIYHUI XapakTep ypoJiTiazy, mnpodirakTuuHi
3aX0AY ITOBMHHI OyTM 0araTOKOMITOHEHTHUMU, OXOILTIO-
BaTH SIK MoaM(iKaIlilo CIToco0y XXUTTS, TaK i yCyHEHHS Me-
TaboIiyHMX nopyiieHb. OCHOBY Cy4acHOI IpOodilaKTUKKA
CTAHOBJISITh HEMEIMKAMEHTO3HI BTPYYaHHS, Cepell SIKUX
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0CO0JIMBY POJIb BilirpaloTh KOPEKIIisl Tiaparallii, Ji€TUYHI
pekoMeHallii Ta Mmoaudikaliist haKTOpiB pU3KKY.

OpHuM 3 HaileeKTUBHIIIMX i BOAHOYAC HANMPOCTi-
XX METOMIB TPOMIIaKTUKN € IIiIBUILIEHHS 1000BOTO
CroXUBaHHS pinuHU. [locTaTHs TigpaTallis NpU3BOAUTH
110 301IbIIIEHHST 00’ €My cedi, 1110 3MEHIIIYE ii JTITOTeHHICTh
LIJISIXOM 3HWKEHHSI KOHIEHTpallil KaMeHeyTBOPIOIUMX
coJjieii. 3a pekoMeHaalisIM1 €BporneiichbKol acoliallii ypo-
noriB (EAU, 2024), mauientam 3i CKX ciin miarpumyBaTtu
Iiype3 Ha piBHi He MeHIe 2—2,5 jiTpa Ha n00y. Pe3yiabratu
0araTOLEHTPOBUX AOCTIIKEHb MiATBEPIXKYIOTb, 10 BHU-
COKE€ CMOXMBAHHSI PiIMHU aCOLIOETHCS 31 3MEHILEHHSIM
pusuky peunauBy Ha 40—50 % [15]. OcobGauBy yBary ciin
3BepTATU Ha SIKiCTb PiIMHU: MepeBary cJil HagaBaTy BOi,
TOJI SIK BXKMBAHHSI COJIOAKMX ra30BaHMX HAMoOiB, 0COOJIMBO
3 BUCOKMM BMIiCTOM (DpYKTO3M, 3HAYHO ITiIBUIIYE PU3UK
KaMeHEYTBOPEHHSI.

[lieta € ApyruM HapixXHUM KamMeHeM MNpoQilaKTUKU.
Bona mae OyTu amanToBaHOIO IO THUITy KaMeHiB, 110 BU-
SIBJICHI a00 OUiKyIOThCS Ha MiICTaBi MeTa0OJIiYHOTO aHali-
3y. [1pu KanbllieBUX KaMEHSIX BaXXIIMBUM € ITIOMipHe, a He
JKOpPCTKe 0OMeXeHHS Kalblliio B pamioHi. Husbke croxu-
BaHHsI KaJblIilo CIpHUsIE MiABUIIEHHIO aOCOpO1Iii oKcanaTy
B KHUILIEYHUKY, 110, Y CBOIO YEPTY, MiJBUIIYE PU3UK OKCa-
JIaTHOTO ypoJiTiazy. ONTUMaJbHUM BBaXKA€ETbCSI CITOXHU-
BaHHs Kabliio Ha piBHi 1000—1200 mMr/mo6y 3 ixxero [16].

Takoxx noBeaeHa mpodilakKTUYHA LiHHICTh OOMEKEHHS
TBApUHHOTO OiJKa, 0COOJIMBO YEPBOHOTO M’sica, SIKe TIiji-
BMIILYE €KCKPELIil0 Kabllil0, CEYOBOi KUCIOTU Ta 3HUXKYE
piBeHb LUTpary B cevi. HaamipHe crioxuBaHHSI KyXOHHOT
COJIi TAKOX € TMOTYXKHUM JIITOTEHHUM (paKTOpoM: HaTpiit
CTIpUsIE BTpaTi Kajbllilo i3 cevyero, TOX PEKOMEHIOBaHe
obmexeHHs1 Hatpito 10 < 2 1/mo0y. [TpoaykTu 3 BUCOKUM
BMICTOM oKcayaTy (IIMUHAT, PeBiHb, OypsIK, IIIOKOJaMd, TO-
pixu) cig oOMexXyBaTh, OCOOIMBO MalliEHTaM 3 TillepOK-
canypiero [17].

IlinBuieHHS piBHS LIMTPATy B Cedi, SIKWM di€ SIK Mpu-
pOIHMIA iHTIOITOp KpMCTati3allii, TAKOX BU3HAHE BaKIv-
BUM TIPOMIIAKTUYHUM 3aXOAO0M. 3OiIbIICHHST CITOXU-
BaHHSI LIMTPYCOBUX COKiB (0COOJIMBO JTMMOHHOIO) MOXE
MiABUIIYBAaTH LIUTPATYypito. Y JIesIKMX BUIAIKaX JOIJIbHE
MEIMKaMEeHTO3He TIPU3HAYeHHs Kalilo LMTpaTy, 110 Ta-
KOX CIpUSIE ajiKajtizallii cedi — 0co01BO e(heKTUBHO MPU
ypaTHMX Ta HUCTUHOBUX KaMeHsX [18].

V mauieHTiB i3 peLUAUBYIOUMM YpaTHUM YpOJIiTia-
30M IpodiTakKTUKa BKIIOYAE alKamizaiilo cedi (LiTboBUiA
pH — 6,0—6,5) 3a momomoroo HaTpilo GikapboHaTy abo
KaJio murpaty. Lle 3HauHO MoinIiye po3YMHHICTh Ce4o-
BOi KMCJIOTH Ta 3HUXKYE PU3UK KpucTamizalii [19]. ¥ nes-
HUX BMITaJKaX TaKOX 3aCTOCOBYIOTbCSI iHTiIOITOpU KCaH-
TUHOKCHUAA3W (HAINpUKJIaA, aJloNypUHOJ) Yy TAIlieHTIB 3
rinepypuko3ypi€to ta/abo moaarporo.

Oxpemy Hinry B npodinakTuii 3aiiMae Moaudikairis
CMOCOO0Y XUTTS: MiNBUIIIEHHS PiBHS (Di3MYHOI aKTMBHOCTI,
3HMXKEHHS MacH TiJla IpU HAssBHOCTI OKUPiHHSI, KOHTPOJIb
PiBHS TTII0KO3M Ta apTepianbHoro Tucky. CKX Bce gacTimne
ACOLIIOETHCS 3 KOMITOHEHTAMU METa0O0IiYHOTO CUHIPOMY;,
TOX MOpOMiaKTU4HI 3aXO0OM MalOTh BpPaxOBYBaTU 1Ii KO-
MopOigHocTi [20].

3 orsiy Ha BUILECKa3aHe, cydyacHa KOHIUEIIIisl Mpo-
inakTku CKX 6a3yeThcsl Ha MOEAHAHHI YHiBEpCATbHUX
(3arajpHUX JAJIs1 BCiX MAlliEHTIB) Ta iHAMBiTyani30BaHUX
(3ayexkHO Bif TUITY KaMeHs, 0iOXiMiYHMX TMMOKa3HMKIB Ta
CYMyTHBOI MaToJjIorii) 3axoniB. Pesynbratn 6aratoueHTpo-
BUX PaHIOMi30BaHMX IOCIIIKEHb MiATBEPIKYIOTh e(eK-
TUBHICTH TAKOTO ITAXOAY Y 3HMKCHHI YaCTOTU PEeLIUINBIB,
a BIIIIOBIMHICTH IMAIIEHTIB PEKOMEHAAIISIM 3aJIMIIAETHCS
KJIIOUYOBOIO IETEPMiHAHTOIO YCITiXY.

MeTadiAaKTUKO Ce4OKAaM’aHOT XBOpo6u

MertadinakTuka ceyokam’siHOI XBOpOOU — 1I€ CYKYII-
HiCTb 3aXO/iB, CIPSIMOBAHUX Ha 3aIl00iraHHs peLMIUBaM y
MAali€HTIB, SIKi BXXe MepeHec]n Xxoua 6 OJ1H €301 KaMeHe-
yTBOpeHHs1. Ha BiaMmiHy BiJ 3arajibHOI NMpoGinakTUKK, 1110
OpieHTOBaHa Ha TEepBMHHE 3amobiraHHsI, MeTadilakThuKa
0a3yeThbcsl Ha pe3ysbraTax iHAWBIIyaJbHOTO OOCTEXXEeHH!,
aHaJli3i cKjamy KameHs, MeTaboiUHNX XapaKTeprucTuKax
MalieHTa Ta HASBHOCTI CYMyTHIX 3aXBOpIOBaHb. i MeTa —
MiHiIMi3yBaTH pHM3HWK IIOBTOPHOTO (PpOpMyBaHHS KaMEHIB
LIJISIXOM BIUIMBY HAa OCHOBHI MAaTOT€HETUYHI MEXaHI3MU y
KOHKPETHOTO Malli€HTa.

[lepiium KpokoM y ruiaHyBaHHI MeTailaKTUKUY € aHA-
JIi3 cKiIamy KaMeHs (Ha OCHOBi iH(pauepBOHOI CIIEKTPO-
cKorii ado peHTreHnudpakuiiitHoro Mmeroay). Lle nae 3mory
BU3HAUMUTU TUII cojeil (Kajblliii-oKcanaaTu, KaabLili-(oc-
(aTu, ceyoBa KMCIOTA, CTPYBITH, LIMCTUH) Ta MPUITYCTU-
TU MOXJIMBI MeTa0O0IiuHi mopyiieHH:. Jaii mpoBoauThCs
24-TOOWHHMI aHaJIi3 cedi, IKUIA Ja€ 3MOTY OLIIHUTH 00’ €M
ceyi, piBHI KaJbllilo, OKcaiary, IUTpaTy, MarHito, ce4oBoi
kuciaotu, pH Ta HaTpito. 3a HasIBHOCTI 3HAYYLIUX BilIXU-
JICHb TIPU3HAYAETHC LIJIeCIIpsIMOBaHa Teparris [21].

V malui€eHTiB i3 TilepKajblliypi€io OOLJIbHE MpU3HA-
YeHHS Tia3UIOIMOMIOHUX AiypeTUKiB (TiZpoXJopTia3um, iH-
Jamnamin), sSIKi 3HIDKYIOTh €eKCKPELlilo KaJbllilo i3 ceueto. Te-
pamis epeKTUBHA JIMIIIe 3a JOTPUMaHHS 0OMEKEHHSI COJIi B
Ni€Ti, iHaK1e 11 e(peKTUBHICTb 3HUXKYEThCs. KpiM Toro, pe-
KOMEHIYETHCS HOPMaJIbHE HAAXOIKEHHS KaJblilo 3 DXelo
(He menmre 1000 Mr/mo0y), amxe OOMeXEHHST KaJbliilo B
JIETI MOXe MapagoKcalbHO 301JIbIIYBATU PUBMK PELIMIUBY
yepe3 3pocTaHHs abcopOIIii oKcaary.

Y Bunaky rinepokcainypii, ika Moxe OyTH TIEpBUHHOIO
a0b0 BTOPUHHOIO, KJIIOUOBUMU MeTahiTaKTUMHUMU 3aX0/a-
MM € 0OMEXXEeHHSI TTPOIYKTiB, OaraTux Ha 11aBJIeBY KHUCIIOTY,
BXKMBAaHHS KaJIbIilo 3 DKeio (I 3B’sI3yBaHHS OKCajlaTy B
KUIIEYHUKY) Ta, 3a MOTpeOM, MpU3HAYEHHsS IIpernapaTiB
KaJIbLIil0 Y BUIJISIII XapyoBOi 100aBKU.

[NawieHTaMm i3 rimouuUTpaTypi€ro peKOMEHA0BAHO 301/1b-
IIATU BXWBAHHS LIMTPYCOBUX MPOJYKTIB, @ TAKOX 3aCTO-
CyBaHHS KaJlilo LUTPATy — SIK IEPOPaATIbHO, TaK i y BUTJISIAL
rpaHysl a00 TaOJETOK i3 MOBUIBHUM BUBIIbHEHHSIM. Llu-
TpaT € NPUPOJTHUM iHTIOITOPOM KpHUCTadi3allil KaJbLi€BUX
CoJIeit, a TAKOX aJIKaJli3yIOUUM areHTOM, 1[0 Ma€ 0COOJIUBE
3HAYEHHSI UTSl MPOMITaKTUKY YPAaTHOTO i IIMCTUHOBOTO Ka-
MEHEeyTBOpeHHS [22].

lNnepypuxo3ypiss — 111e OIMH 3HAYYIIUi (pakTop y ma-
toreHe3i CKX, ocoOauBO mMpu CEYOKMCIMX KaMeHsX. Y
TaKUX BUIAIKaX 3aCTOCOBYIOTHCSI aJIOIYyPUHOJI a00 (hedyK-
cocTaT — MpenapaTu, 110 3HUXYIOTh YTBOPEHHS CE4OBOI
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kucyiotu. OOOB’SI3KOBUM KOMITOHEHTOM MeTadijlaKTu -
KM ypaTHOTro ypoiiTiady € mintpumanHs pH cedi B Mexax
6,2—6,8 3a 1OMOMOTrOIO0 LIMTPATiB 00 GikapOOHATY HATPIIO.
PerynsipHuit MoHiTopuHT pH ceui € HeOOXiTHOI YMOBOIO
ycminrHoro JiikyBaHHs [23].

CTpyBiTHI KaMeHi BUHMKAIOTh Ha (DOHI XpOHIYHMX iH-
ekl ce4yoBMX NUISIXiB, 110 CIIPUYMHEHI ypea3omnpoy-
Kytrounmu Oaxkrtepisimu. [IpodimakTnka peluanuBIiB BKIIO-
Ya€ TOBHOLIHHE JIiKyBaHHsS iH(eKIIii, caHallil0 CeYOBUX
LIUISIXiB Ta, 3a MOTpeOu, MpU3HAYeHHs iHTi0ITOPIB ypeasu
(auerorigpokcaMoBa Kuciota). OgHak HAUBaXJIUBILLIUM €
MOBHE BUJAJICHHS KAMEHIB, OCKIJIbKY 3JIMIIKU CIIPUSIOThH
MOCTIiiHIN KOJIOHi3allii Ta peuuanBam [24].

IIpu umMcTuHypii, piaiKicCHOMY CHagkKoBOMY CTaHi, 10
npodilaKTUKK BXOISITh arpecuBHa rimparailisi (LiIbOBUIA
niypes > 3 1/m00y), ayxHa peakuis ceui (pH > 7,0) Ta, 3a
MoTpedu, pU3HAYEHHS TioJcyabdaHiIaMiTHUX TIperapa-
TiB (TIEHilIMIaMiH, TIOMPOHIH), SIKi 3B’3yIOTh IIUCTUH Y
PO3UYMHHY (POPMY.

Kpim mMeamkamMeHTO3HOI Teparrii, BaXXJIMBUM KOMIIO-
HEHTOM MeTadiIaKTUKN € OCBITHSI poOOTa 3 MaILliEHTOM.
Perynsipauii MOHITOPMHT MOKAa3HMKIB cedi, KOHTPOJIb Ti-
Jpartallii, JTOTpMMaHHsI JiETU Ta CaMOCTiliHE BUMiplOBaH-
Hs pH — yce 1ie minBuIlye NpUXUIBHICTD A0 JIIKyBaHHS Ta
3MEHIIYE PU3KK pelnanBiB [25, 26]. TTamieHTaM peKOMeH-
NyETHCS BEIEHH$ LIOAEHHUKA MUTHOTO PEXXUMY, 10 AOTO-
Mara€e KOHTPOJIIOBaTH TOOOBMIA Iiypes.

HoBi migxonn no meradilakTUKU TaKOX BKIHOYAIOTh
3aCTOCyBaHHS HUGpPoBUX TexHonorii. Hampukmam, Mo-
OiTbHI JTOMATKU, SIKi HaraayloTh MPO HEOOXiAHICTh TUTH
BoJy abo koHTpositoBaTu pH ceui, 1eMOHCTPYIOTh MO3U-
TUBHI pe3y/IbTaTH y MiABUIICHHI MPUXIIHLHOCTI 10 IIpodi-
JIAKTUIHUX 3aX0M1iB [27].

3 ornsaay Ha 1e epektuBHa MeTadizaktuka CKX — 11e
MepcoHali3oBaHa, HayKOBO OOIpyHTOBaHA Ta NMHaMiyHa
cTparteris, 1110 0a3y€eThCsl Ha JaHUX KIIiHIYHOI, JabopaTop-
HOT Ta GioxiMiyHOI OLiHKM MauieHTa. [i yenimHicTs 3ane-
>KUTb He JIMIIE Bil MpaBUIbHO MinidOpaHoi Teparii, a i Bia
aKTMBHOI yJacTi MallieHTa y MpoIeCci TPUBAJIOTO CITOCTEepe-
JKEHHsI Ta KOHTPOJTIO.

CY‘-ICICHi AOCAIAXKEHHS Ta nepcneKkTmeu

Tlompu 3HaUYHMIT IpOrpec y pO3yMiHHI MeXaHi3MiB Ka-
MEHEYTBOPEHHSI Ta HAsIBHICTh JOKA30BUX DPEKOMEHMALIiil
moao npodimakTuku i MetadimakTuku CKX, piBeHb pe-
LIMIVBIB 3aTMIIAETHCS BUCOKUM, a IPUXUJIBHICTh Malli€H-
TiB 10 TpUBaIMX MPOGiTaKTUYHUX 3aXOIiB — HEIOoCTaT-
Hbo10. 1le 3yMoBIII0€ 3pocTalounii iHTepec TOCAiTHUKIB 10
BUBYEHHSI HOBMX I1aTo}i3i0N0TiyHuX JaHOK, OioMapKepiB,
FeHEeTUYHMX (PaKTOpiB Ta 3aCTOCYBaHHSI IHHOBALIMTHMX
TEXHOJIOTII IS MOMIMUIEHHST pe3y/bTaTiB BeIeHHS Malli-
€HTIB i3 YPOJIiTia30M.

OnuH i3 HaNMepCcreKTUBHIIINUX HAIpsSMiB — JIOCHi-
JKEHHSI MiKpOOiOTHM KHWIIIEYHMKAa Ta CEYOBOI CHUCTEMM.
OcTaHHi JaHi CBimYaTh MPO TICHUI 3B’SI30K MiX KHIIKO-
BUM IMCOIO30M Ta PU3MKOM PO3BUTKY OKCAJTaTHUX Kame-
HiB. Hanpuknan, Oxalobacter formigenes — o0iiraTHUiA
aHaepoO0, sIKuii MeTaboIi3ye oKcanaT y KUIIEYHUKY — BBa-
KAETBCS 3aXUCHUM (hakTopoM. MOro 3HUKHEHHS ITicist

aHTUOIOTUKOTEparii aCOLiIOEThCS 3 MiABUILEHHSIM DPiBHS
okcayary B cedi Ta 3poctaHHsaM pusuky CKX. VY kiiHiu-
HUX JOCHIIPKEHHSIX BUBYAETHCS MOTEHLIiAT MPOOIOTUYHUX
npemnapariB, sIKi MiCTITbh OKcajlaT-MeTa00J1i3yr0yi ITaMu, a
TaKOX TMEePCIeKTUBY TpaHCIUIaHTallii MiKpobioTu Tipu pe-
UAUBYIOUOMY ypoJtiTiasi [28].

3HauHy yBary TpUIiJIeHO TEHETUYHIN CXUJIBHOCTI 10
CKX. Cyuacni reHomHi gocmimkeHHs (GWAS) naau 3mory
ineHTH(}iKyBaT! HU3KY TeHETUYHMX BapiaHTIB, acoIlilioBa-
HUX i3 pU3MKOM KaMeHeyTBopeHHsI — 30kpeMa CLDN14,
SLC34A1, SLC26A1, ALPL, gKki perymaioiTh TPaHCIIOPT
KaJpllito, ocdaTiB Ta iHIIKMX iOHIB Y HUPKOBUX KaHaJb-
usx [29]. InauBinyaqbHa TeHETUYHA CXUJIBHICTH MOXe
3yMOBJIIOBAaTY BiIMiHHOCTI y BiIMOBiAi HA MpodilaKTUYHI
BTPYy4YaHHSI, TOMYy MalOyTHi CTparerii MOXyTb BKJIIOYaTH
IepcoHalli30BaHy MeTadiJaKTUKYy Ha OCHOBI TeHETUYHOTO
npodito maiieHra.

Taxkox TpuBae Touryk HOBUX GiomapkepiB, sIKi gaau 6
3MOTY OLIIHIOBATUA PU3UK PeLUANBIB, €(PEKTUBHICTb TepalTii
Ta aKTUBHICTh KaAMEHEyTBOpeHHs1. [0 MOTeHLIiHUX MapKe-
piB BXOAATH PiBeHb iHTiIOITOPIB KpUcTai3allil (HaIpuKiam,
HedpoKalbLMHY, YPOIIOHTUHY), OiIKM TEIUIOBOIO IIIOKY,
IMOKAa3HUKMU OKHMCHOTO cTpecy Ta 3anajeHHs [30]. Po3po6-
Ka JOCTYITHUX TaHeseil OioMapKepiB T03BOJUTh HA PaHHIX
eranax ifeHTU(diKyBaTU MAaLi€HTIB i3 BUCOKUM PU3UKOM
peuUaInBY Ta aIanTyBaTU MPOMITAKTUYHY CTPATETIIO.

VY dokyci cyyacHUX DoCHiIKeHb repedyBaTh i mud-
POBi iIHCTPYMEHTH, 30KpeMa MOOUIbHI 3aCTOCYHKH, SIKi 10-
roMararoTh TalliEHTaM BiICTEXyBaTW pPiBeHb TrimpaTallii,
HarajayoTh PO MpUiioM JIiKiB a0o BuMiptoBaHHs pH ceui.
Hanpuknan, B pamkax mijiotHoro npoekry y Benukiit bpu-
tanii mamieHTn 3 CKX, gKi KopuCTyBaimcs MOOUTbHUM
JIOIATKOM 3 MEePCOHAII30BAaHUMU TOpagaMu 11010 TTPodi-
JIAKTUKH, MaJi Ha 35 % MeHIIe peliuanBiB MPOTITOM POKY
crnoctepexeHHs [31].

OaHUM i3 HOBUX HamlpsIMiB € BUKOPUCTAHHS INTYYHOTO
intenexty (LLII) Ta MalmmHHOro HaBYaHHS JJIs1 TIPOTHO3Y-
BaHHs peLMAMBIB Ta oNTUMi3alii MeTadinakTuku. Moaeni
Ha OCHOBI OaratoakTopHOro aHamuizy (BiK, cTaTh, CKJIaJ
kaMeHs1, pH ceui, GioxiMiuHi MOKa3HUKM, TeHETUYHI JaHi)
NIEMOHCTPYIOTh BUCOKY TOUYHICTh Y BU3HAUCHHI Malli€eHTiB
3 TIABUIIEHUM PU3UMKOM TTOBTOPHOTO KaMEHEYTBOPEHHS
[32, 33]. Taki aropuT™M MOXYTb BUKOPHUCTOBYBATUCH SIK
y KJIiHIYHIi TpaKTUIli, TaK i Y BigJgaJIeHOMY MOHITOPUHTY
TMali€HTIB.

Ille ogHUM TIepCNIEKTUBHUM HAIIPSIMOM € TOCIiIKEeH-
HsI HOBUX (bapMaKOJIOTIYHUX areHTiB, 30KpeMa iHTi0iTopiB
KpHUCcTali3allii (HampuKjaa, iMiTaTOpiB IIiKOMPOTEiHiB, 110
MPUTHIYYIOTh HYKJI€allil0), HOBUX (OpM LIUTpaTiB i3 1O-
JIiNIeHo 6i0J0CTYMHICTIO, a TaKOX CITOJYK, IO BILIW-
BalOTh HA TPAHCITOPT OKCajaTy B KMIIEYHUKY. ¥ cTaii 10-
KJTIHIYHOTO BUBYEHHS MepeOyBalOTh TAKOX MpemnapaTu, SKi
BIUIMBAIOTh Ha PETYJISALiI0 KalbIiEBOTO TOMEOCTa3y uepes
oinku cimeiictea TRPV.

IaTepec BMKIMKAIOTH i ajdbTepPHATWBHI ITiOXOOU, 30-
KpeMa ditorepamnis. [leski pocauHHI IpermapaTu, HaIpu-
Kian excrpaktu Phyllanthus niruri, Orthosiphon stamineus,
MIPOJEMOHCTPYBAIM MO3UTUBHUII BIUIMB Ha iHTiOyBaHHS
KpHUCTali3allii B eKCepuMeHTaIbHUX MoaessaX. OmHak 11s
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IIIMPOKOT0 BOPOBAIXKEHHsI B KJIiHIUHY MPAKTUKY Opakye
BUCOKOSIKICHUX PaHIOMi30BaHUX JOCIIXKEHb.

YeninrHicth npodiakTuKY Ta MeTaiIaKTUKKU TaKOX
TiCHO TOB’s13aHa 3 PO3BUTKOM iHTEPAUCIUTLTIHAPHUX TTPO-
rpam, siki 00’€THYIOTb YpOJIOTiB, He(POJIOTiB, TiETOJIOTIB,
JIiKapiB 3arajbHOiI MpakTUKW. TakWil Miaxin gae 3Mory He
Jidtie noJjinmuti KoHtposib Han CKX, arne it onTuMmisysa-
TH JIIKyBaHHSI CYITyTHIX CTaHIiB — OXWpPIiHHS, Iia0eTy, Io-
JIarpu, MeTaboJIiYHOTO CUHAPOMY.

K Hacmimok, cydacHi HOCTiIKeHHs CBim4yaTh IIPO I10-
CTYIOBUI MEpeXil Bil yHiBepCaJlbHUX peKOMEHHIALlill 10
iHAMBiMyani3oBaHoi, 0ioiH(OpMAaTUYHO OOIPYHTOBAHOI
npodiIaKTUKH, 1110 BpaXOBY€E He JiuIlle 0ioXiMiyHi Imokas-
HUKM, a i MiKpoOioM, reHeTUKY, OBEIiHKOBI (haKTopu Ta
1GpoBy MiATPUMKY nauieHTa. Haibmmkyumu poxamMu
OYiKYETBCSI BIIPOBAIKEHHSI HOBUX TEXHOJIOTIi, 1110 MOXYTb
KapAMHAJIbHO 3MIiHUTH MapalurMy BEeJIECHHSI XBOPHUX 3 YPO-
JIiTia30M, TEPETBOPUBILIU 110 HIOUTO «3BUYHY» TATOJIOTIIO
Ha KepOBaHUI XPOHIYHUI CTaH 3 MiHIMAaTbHUM PU3UKOM
pPeLUIUBY.

BuUCHOBKM

Ceyokam’ssHa XBOpoOa 3ajIMILNAETHhCS OOHIEID 3 Hali-
OiJIbLI MOLIMPEHUX i PELIUIMBYIOUMX MATOJIOTIi YPOIOTiYHOT
MpakTUKU. [T 6araTocdbakTopHa eTioNorisl Ta CKJIaAHUIA MaTo-
TeHe3 3yMOBJIIOIOTh HEOOXiHICTh KOMIUIEKCHOTO, MIEPCOHA-
JIi30BaHOTO MiIXo[y A0 NMpodilakTUKKU Ta MeTadbilaKTUKU.
[TpoBeneHmit Orysi JliTepaTypu Aa€ 3MOTY IiATH HU3KU BU-
CHOBKIB, 1110 MalOTh SIK KJTiHIUHE, TaK i cTpaTeriyHe 3HaYeH-
HS1 JUTS TOAQJTBIIOTO PO3BUTKY MPOMiTaKTUIHOI yPOJIOTii.

IMo-nepiire, edekTBHA epBuHHA MpodinakTrka CKX
IPYHTYEThCSI Ha 0a30BUX, ajieé BOMHOUYAC BUCOKOE(DEKTUB-
HUX 3aXo;ax: ONTUMAaJIbHIM Timpararii, 30aJaHCOBaHOMY
XapuyBaHHi, 3MEHILIEHHI CIOXWBAHHS HaTpilo, Oinka Ta
MPOIYKTiB, OaraTux Ha OKcajJaTH, a TaKOX 30iLIbIIeHHi
CIOXMBAHHS MPUPOIHUX iHTIOITOPIB KpMUCcTaiizauii (1u-
TpartiB, KaJiwo, Martiio). Lli BTpyyaHHs1 MaloTh OyTH 4ac-
TUHOIO 3arajlbHOI KYJIBTYPU 3J0POBOTO CIIOCOOY KUTTS Ta
BIIPOBA/I>KYBATUCh HABITh y MALIIEHTIB i3 HE3HAYHUMMU MPO-
sIBAMHU C€YOKaM STHOI XBOPOOH.

ITo-apyre, metadinaktuka CKX Bumarae 4itkoi crpa-
TU(IKaIil Iali€eHTiB 3a TUIIOM KaMeHsI, MeTaOOIiIHUM
npogisem, 4aCTOTOI PELUUIMBIB Ta CYIyTHIMU 3aXBOPIO-
BaHHAMM. Bukopucrtanasa ganmx 24-TOOIWHHOTO aHaJi3y
ceyi, OlliHKa CKJIaay KaMeHs Ta BUSIBJICHHSI METa0OJIiYHUX
MOpyIIeHb Jal0Th 3MOTY LIJIECPSIMOBAHO 3aCTOCOBYBATU
(apmakoTepariroo (Tia3uau, LUTpaTH, aJOIypHUHOJI TOIIO)
Ta (opMyBaTH IepCOHaJi30BaHi peKoMeHaallii. AKIIEHT
Mae OyTu 3po0JIeHU I Ha MPUXWIBHICTD 0 Teparii Ta JuHa-
MiYHMI MOHITOPUHT pe3yJIbTaTiB.

[To-TpeTe, cyyacHa HayKa BiIKpMBa€ HOBi TOPU3OHTH Y
npodinakruii ta MetadizakTuLi ypositiasy. JlocaimkeHHs
MiKpOOiOTH KUIIEYHHWKA Ta CEYOBUX IUISIXiB, TEHETUYHOT
CXWIBHOCTI, BIUIMBY XapyOBUX MATEePHiB, 3aCTOCYBaHHS
LITYYHOTO iHTEJIEKTY Ta LIM(DPOBUX TEXHOJIOTi CTBOPIOIOTH
MIepeayMOBH [JI PEBOJIIONII B iHOMBiMyasli30BaHIN IIPO-
¢inaktuii. | xoya yacTrHa LMX MiOXOMIB IIIe TepedyBae y
cTafii JOCTiIKeHb, BXe 3apa3 BOHU (DOPMYIOTh MaliOyTHIO
napaaurmMy BeaeHHs namieHTiB i3 CKX.

BomHouac ciif 3a3HauuTH, 1110 MOMPU CTPIMKUIA MPO-
rpec y BUBUEHHI MaToreHe3y Ta npo@ilakKTUKKU YpoJliTiasy,
3HaYHA YaCTUHA CyYaCHUX IOCTiIKeHb Ma€ OOMEXEeHY J10-
KazoBy 0a3zy. [lepeBaxatoTh HEBEIMKi KOTOPTHI a00 peTpo-
CIIEKTUBHI CMOCTEPEXEeHHS, 10 HE 3aBXAU Nal0Th 3MOTY
3pOOUTH y3araJibHEHHS U151 IIIMPOKOT KJIiHIYHOI MPaKTUKU.
Hapasi Opakye Benukux 0araToLEHTPOBUX PaHIOMi30-
BaHUX JOCTIIKEeHb 3 TOBrOCTPOKOBUM HATJISIIOM, SIKi J10-
3BOJIVIM O 00’€KTUBHO OLIIHUTU €(eKTUBHICTh iHAUBIIY-
aj1i30BaHOI NMPodiIaKTUKKU B Pi3HUX Tpynax nauieHTiB. Lls
MpoTaJIMHA y 3HAHHSAX € CePHO3HUM BUKIUKOM sl (hop-
MYBaHHS CTIMKUX peKOMEeHAalliii Ha piBHI MiKHaApOIHUX
HaCTaHOB.

VY niacymKky, edpekTuBHaA TMpodinakTrKa Ta MeTadigak-
THKa CceYoKaM’sTHOI XBOpOOM Mae OyTu OaraTopiBHEBOIO,
MEePCOHAJTI30BAHOIO, iIHTETPOBAHOIO B IOBrOTPMBAIY B3a-
€MOJIilo JIiKapsl Ta mnailieHTa. BoHa moBMHHA TPYHTYBaTU-
Csl HA CyYaCHUX JIoKa3aX, aKTUBHO BUKOPHUCTOBYBAaTH T10-
TEHIliaJ MiKAUCHUMIIIIHAPHOTO TiJIXOly Ta BpaXOBYBaTH HE
Jmie 0ioXiMiuHi, a I TTOBEIIHKOBI, TEHETUYHI Ta COLliaIbHI
¢axropu. Takuii Miaxia DO3BOJIUTH HE JIUIIE 3HU3UTH TSI-
rap CKX, a i1 mominmuTy 3arajbHe 3I0pPOB’S Ta SIKiCTh
JKUTTS MALi€HTIB.

Konduikt inTepeciB. ABTopu 3asiBISIIOTH PO BiACYT-
HicTh KOHQJIIKTY iHTepeciB i BlacHOI (hiHaHCOBOI 3alliKaB-
JIEHOCTI TpM MiArOTOBL JAHO1 CTATTi.

Indopmania npo dinancyBanusa. Crarrs € dpparmeH-
TOM HayKOBO-IOCJIiTHUIIbKOI poOOTH acmipaHTa Kadeapu
Hedpoutorii Ta ypostorii [ITTO HMY imeni O.0. boromosib-
ust ta 1Y «IHctutyT yposorii imeHi akagemika O.®D. Boszi-
anoBa» HAMH VYkpainu 3a remoro «Po3pobdka iHCTpyMeH-
TiB IPOTHO3yBaHHSI Nepediry HedpoJtiTtiazy 3 ypaxyBaHHSIM
CTaHy KUIIIKOBOTO MiKpo0ioMy» B paMKax AUcepTalliiiHOro
TOCJIiIKEHHSs, 1110 MPOBOAUTLCS Ha Kadenpi HedpoJiorii Ta
ypostorii ITTIO HMY imeni O.0. bBoromosnbiis.

Baecok aBTopiB. Kpaciox I.B. — 36ip Ta aHani3 ingop-
Mallii, HalTMCaHHSI CTATTi, MOIIYK Ta ONpalloBaHHs (Gaxo-
BOI JIiTepaTypu 3a TEMOIO, ITiATOTOBKA PYKOITUCY J10 IPYKY;
IpunHeB A.A. — TIOIIYK Ta ompaltoBaHHS (haxoBoi JIiTe-
paTypu 3a TeMOlo, TTiIT0TOBKA pyKomnucy 10 apyky; [unm-
rneHko €.B. — 30ip Ta aHani3 iHdopMaiiii.
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A modern view on the prevention and metaphylaxis of urolithiasis

Abstract. Urolithiasis (kidney stone disease) is a common
multifactorial disorder of the urinary system with a high recur-
rence rate. This article presents current approaches to the pre-
vention and metaphylaxis of urolithiasis. Primary prevention is
based on lifestyle modification: adequate hydration, dietary rec-
ommendations, and reduced intake of sodium, animal protein,
and oxalate-rich foods. Metaphylaxis is an individualized stra-
tegy that considers stone composition, metabolic abnormali-
ties, and comorbidities. The review also explores emerging areas

of research, including the role of microbiota, genetic factors,
information technologies, and artificial intelligence. Empha-
sis is placed on the need for a multidisciplinary approach and
long-term patient follow-up to reduce the risk of recurrence and
complications.

Keywords: kidney stone disease (urolithiasis); prevention;
metaphylaxis; recurrence; hypercalciuria; hyperoxaluria; uric acid
stones; citrate; diet; hydration; intestinal microbiota; genetics; ar-
tificial intelligence; personalized medicine
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