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DOI: https://doi.org/10.22141/2307-1257.14.2.2025.526

LLlaHOBHI KOAeru!

Bam, neBHO, Bigomi cnoBa cBaTtoro Mukonas
Cep6cbKoro: «MoxeLu gornomMortv noguHi — [oro-
MOXun. He moxeL — riomornucsi. He BmieLln monntu-
cs1 — niogymavi npo moguHy goobpe! Lle Bxe gornomo-
ra, ToMy Lo CBITI JYMKUN — Lje TeX 306p0si».

Ocb Taka icTopis cnana Ha AyMKY.

Y maneHbKOMy cerli XVUB CcTapui mygpeub, AKUn
3aBxauM 6yB roTtoBUM AOMOMOrTU iHwmMm. OpgHoro
pasy 0O HbOro NPUNLLIOB MOSIOOUIA YOSOBIK, CMOBHE-
HWA TpmBorn. BiH po3nosis nNpo ceBoro gpyra, fAKumn
notpanue y 6igy i notpedysas gonomorun. Mygpeup,
BUCyXaBLUW 1Oro, ckasas: «MoxeLl JOornoMOorTu Jito-
OVHIi — pgornomMoxu. He moxell — nomonucs. He Bmi-
€L MONUTUCA — nodymMan nNpo nmoaunHy nobpe! Lie Bxe
Jonomora, ToMy LLO CBITNi YMKU — Lie TeX 36pos».

Monoguin 4onoBik 3agymaBcs Ha LMK CrlIOBaMMU.
BiH 3p0o3yMiB, LU0 HaBITb AKLLO HEe MOXe dDi3UYHO [0-
NMOMOrTH, NOro [O6PI OYMKW i MOMUTBU MOXYTb CTa-
TV NIATPUMKOK Ana gpyra. BiH noyas LWWogHs gymaty npo CBOro gpyra, 6axarym oMy cunm i
300pPOB’s.

Yepes geskur yac, AMBNSYUCh Ha Te, K MOro Apyr NOCTYMNOBO BiAHOBOETHLCA, MOSTOAMI HOS0-
BiK 3p0O3yMiB, LLIO HaBiTb HAMMeHLLa Jo6poTa MOXe MaTW BENMKWUIA BMAKB. | 3 TOro Yacy BiH 3aBXau
nam’saTas, LLIO AornomMora MoxXe npumimati pisHi oopmMu i Wo Jobpi AyMKU — e CrpaBXHsa cuna.

CnoraH Homepa: «MoxxeLL JoNOMOrT! JI0ANHI — [OMOMOXu!»

3 noBaroo, npogp. [j. IBaHos M

Tom 14, N2 2, 2025 www.mif-ua.com, http://kidneys.zaslavsky.com.ua 5
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€poxosuy B.M., KaprieHko O.B., InbkiB €.1., Kobuasik H.M.,
lNanieHko I.A., Kpactok .B., KomicapeHko KO.I.
HavioHanbHW meamydHni yHiBepcuteT imeHi O.O. boromMonbLst, M. KniB, YkpaiHa

OcobAunsocTi Kopekuii Aediuuty BitamiHy D
Y NAUIEHTIB i3 Ai06eTUYHOIO XBOPOOOIO HUPOK:
POAb BITOMIH-D-3B’A3yto40oro 6iAka

PesiomMe. AKTyaQAbHICTb. AKTYQABHICTb MPOBAEMU YDQXKEHHST HUPOK MM LyKpoBOMY aiaGerTi (LLA) ro-
ASIFQE Y MPOrPECYYMX TEMIMQAX 3POCTAHHS KiIAbKOCTI MNALEHTIB LLIOPOKY. KiIiCTKOBO-MIHEPAABHI PO3ACAN Y
TAKWX MALIEHTIB 3yCTRIYAKOTLCS 3 BACOKOK YQCTOTOK TA BUMAratoTh PAHHBOI AIQrHOCTUKM TQ CBOEHYQCHOT
Kkopekuii, Metaboniam BITAMIHY D 3QAEXXNTb Big HU3KN GAKTOPIB, 30KPEMQ Bia PIBHSI TOQHCMIOPTHMX BIAKIB
KPOBI, TAKUX $sIK BITAMIH-D-38 s13yto4m 6inok (BA3B). OCTAHHIM 4OQCOM AAQAI BiAbLLQ YBATrA MPUAIASIETL-
cs1 BA3b sik npu4mHi KiCTKOBO-MIHEPAAbHUX PO3AQAIB | iX MATOreHETUYHOMY 3B SI3KY 3 YPQXKEHHSIM HUPOK
y OCI6 i3 LUA 2-ro tury. Merta: ouiH1T OCOBAMBOCTI pOCHOPHO-KAAbLIEBOrO OOMIHY B NALIEHTIB i3 AlQbe-
TUYHOKO XBOPOOOKO HUPOK i POAb piBHST BA3B y Kopekuii aeiumnty BiramiHy D. Marepiaan Ta metoan. Y
rnepLLUOMYy eTarli AOCAIAXKEHHS] B3SIAM y4ACTb 84 0Ccobum 3 LA 2-ro 1y i3 XpOHIHHMM XBOPOOAMM HUPOK -l
CTQAI, PO3MNOAIAEHI HQ TOU rPYI 3riAHO 3 PO3PAXYHKOBOKO LLUBUAKICTIO KAY60YKOBOI pinbToALil (PLLIK®D),
y sIkKux 6yAQ MPOBEAEHQ OLHKQ BUXIAHUX MOKA3HUKIB pOCHOPHO-KAAbLIEBOrO 0OMIHY. Ha apyromy eTtari
AOCAIAKEHHS] OLIIHIOBAAMCS PE3YALTATU KOPEKLUIii AediumnTy BiTamiHy Dy 32 oci6 npu AMHAOMIYHOMY Cro-
CTEPEXEHHI MICASI MPMAOMY MPEnapPATy XOAEKAAbLLIMGPEPLOAY MPOTSIrOM TPbOX MicsLiB. Pe3yAbTaTtn. Me-
AlQHQ MoKa3HMKIB BiTaMiHy D(250H) BiAMOBIAQAQ PIBHIO ASQILIMTY HE3AAEXKHO BiA PiBHS PLLUK®, npudomy
HQUHMKYE 3HQYEHHST OYAO Y TPEeThOI rpyriv NAUiEHTIB — 13 (8,48—16,4) Hr/MA, LLO BIAPIBHSIAOCS BiA MEAIQHM
MoKasHWKIB nepLwoi (16,38 (13,88-19,83) Hr/MA) Ta apyroi rpyn (18 (12,8-20,74) Hr/MA), p < 0,05. AHOAI3 ro-
Ka3HuKa BA3B y cupoBQTLi KPOBI 3QAEXKAB BiA PLLIK®: HaviHMKYMb criocTepirascs y nepLuoi rpoyn — 93,6
(68,17-109,67) Hr/MA i 36iAbLLYBABCS BIAMOBIAHO 3i 3HVKEeHHsIM PLLIK®: 101,07 (75,34-132,84) Hr/MA — ApY-
ra rpoyna, 132,82 (97,3-168,8) Hr/mMA — TRETSI, MPMYOMY NepLLQ i ApYra CyTreBO BiapisHsIAmCs (o < 0,01).
OuiHKQ epeKkTBHOCTI NpoBeAeHOI KopeKLii AeiumTy BITAMIHY D B OOGCTEXEHMX BUSIBUAQCST KPQLLIOK Y
MNQLUIEHTIB i3 HMKYMM piBHeEM BA3B kposi. Tak, piseHs BASE 6yB BipOrAHO BULLIMM Y MIAMRYMI NALIEHTIB, SIKi
HE AOCSITAM ONTUMQAbLHOIO PIBHS BiTamiHy D (25(OH)D) yepe3s tpu micsiui (31 %), MOPIBHSIHO 3 TUMU, Y KOro
pieeHb 25(OH)D aocsirHyB > 30 Hr/MA. BUCHOBKM. BA3E € BOXKAVBUM PQAKTOPOM Y MPOLIECAX METAOOAIBMY
BITQMIHY D, MOro piBeHb noTpibHO BOAXOBYBATH MW KOPEKLi KICTKOBO-MIHEPAABHUX PO3ACAIB Y NALEHTIB
i3 AlQ6ETNHHOK XBOPOBOOKO HUPOK. BIABHQYAETLCS MiABULLEHHS PiBHSI BA3b cupoBaTK KPOBI 3 Nporpecy-
BQHHSIM X OHIHHOT XBOPOOM HUPOK HQ GOHI LIA 2-ro tnny. EQEeKTUBHICTb AiKYBAHHST 3OAEXKUTH Big, pPiBHS BASD
CUPOBATKM KOOBI' Y TAKUX NALIEHTIB. Y PA3I MiABULLEHHS PiBHST BA3B CUpOBATKIM KPOBI € pEKTUBHICTH AIKYBAH-
HST HVDKYQ, VIMOBIPHO, Yepe3 3MeHLLEHHS 6i0AOCTYNHOCTI BIAbHOro BITAMIHY D Ta Fioro aktvBHy KOHBEPCItO,
OCKinbku aktvsH 1,25(0OH) D nocuaeHo 38 a3yeTbcs i3 BAIB.

KAIO4OBI CAOBQ: LA 2-r0 Ty, XPOHIYHQ XBOPO6A HUPOK; KICTKOBO-MIHEPAAbHI PO3ACAM; BITAMIH-D-
3B’ 13yto4my GIAOK; BITaMIH D
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Bctyn

Cepen yCKJIagHEHb TIpM XPOHIYHIM XBOpPOOI HUPOK
(XXH) cuHIpoM KiCTKOBO-MiHEpaJbHUX PO3JTadiB BU-
SIBJISIETHCSI 3 BUCOKOIO YacCTOTOIO Ta MOCWJIIOETHCS i3 TTPO-
rpecyBaHHSIM HUPKOBOI HenocTaTHOCTi. HesBaxarouu Ha
MOIIMPEHICTh CYYaCHUX HOCHIIKEeHb, y SIKMX BUBYAIOTH
MaTOTeHETUYHI MeXaHi3MU HUPKOBOI ocTeomucTpodii, Ha
KaJlb, YCKJIAMHEHHS 3 OOKY KiCTKOBO-MiHEpaJIbHUX PO3Jia-
IIiB 3aJIMILIAIOTHCS OIHIEI0 3i CKIIAMHUX MPO0IeM Y BeIeH-
Hi nmauienta 3 XXH [1]. Po6oyoio rpynoio NKF K/DOQI
(Kidney Disease Outcomes Quality Initiative, 2003) nipu-
WHATO LIJIbOBI piBHI TMOKa3HUKIB Kajbliii-cochopHoro
0o0MiHy BinmoBinHo go cragiit XXH, a kimacudikartito mi-
HepaJbHUX 1 KicTKOBUX nopyeHb npu XXH 3anpomnoHo-
BaHo opranizauiero KDIGO (Kidney Disease Improving
Global Outcomes, 2009). CroronHi € YyuMasno A0CiIKeHb,
SIKi CBimM4aTh, 11O iHBEpCHUI cTaTyc BitaMiHy D mepeBaxae
y IalieHTiB i3 mykpoBuM niaderom (L) ado XXH [2]. ITo-
IIMPEHICTh nedinuty BitTaminy D 3pocTae i3 mporpecyBaH-
M XXH i Ha6mkaetbest 1o 80 % y maliieHTiB i3 5-10 cTa-
nieto XXH [3]. 3a naHuMuU A0CTiIXKeHb, AeIillUT BiTaMiHy
D Takox OyB IOB’sI3aHMI 3i 3HAYHOIO TTOIIMPEHICTIO CTa-
HiB, 110 € CKJaJHUKAMU KapJiopeHOMEeTab0JiYHOro CUH-
npomy, a came LI, oxXupiHHS, MeTabOJIiYHOTO CHHIPOMY,
aTepOCKIEPOTUYHUX CEPIIEBO-CYTMHHUX 3aXBOPIOBaHb, Ti-
neproHii [4—7]. Jediuut Bitaminy D Mae Baromuii BIuius,
30KpeMa, Ha DIKeMiYHUA Tpodiib, IO ITOSCHIOETHCSI
MPUTHIYEHHSIM CeKpellii iHCyIiHy OeTa-KIIITHHAMU OCTPiB-
LiB MiAILIYHKOBOI 3aJ1031 Ta CyIPOBOMXYETHCSI TOTaHUM
KOHTPOJIEM IJTiKeMii Ta pO3BUTKOM MiKpO- Ta MaKpOaHTio-
nariit y nauienTis i3 L1 2-ro tumny [8]. BinxuneHHs Bin wi-
JIbOBMX piBHiB maparupeoinHoro ropmona (I1TI), kanpliito
Ta ¢ocdopy TICHO KOPENIOIOTh 3i 3pOCTAHHIM CMEPTHOC-
Ti nauieHTiB Hedposoriunoro npodinto [9]. [MopyieHHs
dochop-KanblieBOro 00OMiHy Ha ITOYAaTKOBMX eTarlax IIpu
3HMXKEHHI HUPKOBUX (DYHKIIIH peastizyroThCsl uepe3 Mmopy-
IIeHHsT MeTabouismy Bitaminy D, a pons BJ/I3b sk Tpan-
CIIOPTHOIO IIPOTEiHY KPOBi Ma€ BaXJIMBE 3HAYCHHS IE i
SIK paHHiil Mapkep ypaxkeHHs1 Hupok [10]. BaxiuBe 3Ha-
YeHHsI Ma€ BUBYEHHS poJii BiTaMiHy D y maToreHeTUYHUX
MeXaHi3Max pi3HUX €HAOKPUHHMX 3aXBOPIOBaHb, 30KpeMa
niabetnuHoi xBopoou Hupok (JAXH). OcraHHim yacom fe-
naii 6iapiua yBara npuaiisietbest posii BI3b Ta ix marore-
HETUYHOMY 3B’SI3KY 3 ypaxkeHHsIM HUpoK [11]. OmHiero 3
OCHOBHUX MPUYMH, SIKi TIPU3BOISITH JI0 TileprnapaTupeosy,
€ siepinuT akTUBHOI (hopmu Bitaminy D, — kanbuurpiony,
1110 MTPU3BOAUTH 10 3MEHIIEHHS BCMOKTYBAaHHS KaJIblIito Y
TOHKOMY KUIIIEUHUKY Ta peadcopOllii B HUpKaxX i, BidIo-
BimHO, M0 Timokamnbuiemii [12]. Huzbkuii piBeHb Kalblu-
TPiOJIy Ta TiMOKaIbLEMIiSI € TOTY>KHUMU CTUMYJISITOPAMU
cekpeuii [1TI. Bukopuctanus mnpenapatiB BitamiHny D €
MaTOreHETUYHO OOIPYHTOBAHMM METOJIOM KOPEKIIil Tiro-
KaJIbllieMil Ta BTOPMHHOTO rineprapaTupeosy. [cHye Hu3Ka
eKCIEePUMEHTATIbHUX i KJIIHIYHUX JOCIiIXKEeHb MepeBaXHO
IIOA0 OBOX METaOoIiTiB BiTaMiHy D — KanbpIuTpioly Ta
anbdakanbuunoay. Kampuurpion e(@ekTUBHIIIMKA ILIOd0
nocuieHHs1 abcopO11ii Kanblito Ta pocdopy. [IpoTe mobdiu-
HUM e(eKTOM KaJIbLUTPiOJy € IMOMIMOJIeHHS rinepdocda-
temii [13]. ChorogHi He iCHYe OZHOCTAiHOI AYMKU II0/I0

e(eKTUBHUX CXeM JIiKyBaHHSI ITOpyIeHb (hocHOpHO-Kab-
1ieBOro 0OMiHy y XxBopux Ha XXH, 1110 3yMOBITIOE aKTyasb-
HIiCTh BUBYCHHSI 11i€l TpoOIEeMU.

MeTta podoTH: OLiHUTY 0COOIMBOCTI (POCHOPHO-KAIb-
mieBoro ooMiny y nauieHTiB i3 JIXH ta pons piBaa BA3b
IpU IPOBeAeHHI KopeKii aediuunty Bitaminy D.

Marepiaau Ta metoamn

JocnimkeHHs OyJIo IPOBEISHO y IBa €Talll y BilIiIeH-
Hi 3araJibHOiI €HIOKPUHHOI maTosorii KuiBcbkoro Mich-
KOI0 €HIOKPUHOJOTIYHOIO LIEHTPY. YCi €TUYHi acleKTu
Oy/JM BpaXxoBaHi BiAMOBIZHO A0 MPUHLMIIIB [eabCiHChKOI
neknapaitii [14]. Tlepen yyacTio y AocimKeHHi Bci marti-
€HTU Tianucanau GopMy iHpopMoBaHOI 3roau. Y mepiio-
My eTami JOCJiIKeHHs B3sutn ydacTb 84 ocobu 3 LIJI 2-ro
tuny 3 XXH [-III craniii. Ipynu 6ynu posnomineHi 3rin-
HO 3 pO3PaxXyHKOBOIO HIBUJIKICTIO KJTYOOUKOBOI (ijibTpaliii
(pIIK®) (meprra rpyma > 90 mi/xB/1,73 M2, npyra — 90—
60 mi/xB/1,73 M2, Tpetst — 60—30 mu/xB/1,73 m?). Ha npy-
TOMY eTalli OILiHIOBAIMCS Pe3yJIbTaTh KOPEKIlii piBHS BiTa-
Miny D y 32 ocib i3 BusBiIeHUM Iioro medinuroMm Ha (GoHi
MPUKOMY XOJIeKaablU(pepoIy MPOTITOM TPhOX MICSIIiB. Y
IoCTimKeHHs BKItoyeHi mauieHTy 3 JIXH Ha i L 2-ro
TUITY y CTaHi cyokoMmneHcalii. Kpurepii BUKITIOUeHHS: BiK
1o 18 pokiB, BiiMOBa MallieHTa Bill y4acTi, y4acThb B iHILIOMY
JIOCTiIXKEHHI, HasBHICTh Aia0beTy 1-ro TUIly, BariTHicTh 400
JakTanis. JlomaTkoBo BUKIIIOYAIM MAlli€HTIB i3 MEpBUH-
HUM TinepnapaTupeo3om, HepeKTOMI€O B aHaMHEe31, OH-
KOJIOTIYHUMU 3aXBOPIOBAHHSIMU, TOCTPOIO HUPKOBOIO 200
CEePIIEBOIO MATOJIOTIETO.

KosopuMeTpuHUM METOIOM BHU3HAYaIW KpeaTUHiH
KpOBi Ta moOOBOI cedi, Kalblliil 3araJbHMUil i ochop y
kpoBi. plIIK® pospaxoByBanu 3a ¢opmyioo CKD-EPI
(Chronic Kidney Disease Epidemiology Collaboration) 3
ypaxyBaHHSIM PiBHSI KpeaTHHiHY B CUpOBAaTLIi KpoBi. Bu-
3HaYaJIM CIHiBBinHOLIEHHST anbOyMiH/kpeaTuHiH (CAK)
y 1006oBiit ceui. PiBeHb anbOymiHypil BUMiplOBain iMy-
HOTYpOIiTMMETPUUYHUM MeTofoM. [JlikoBaHUil TeMorJo-
6in (HbAlc) BM3HaualIM MeETOIOM BHUCOKOE(MEKTUBHOI
pimnHHOI XpoMaTtorpadii. IMyHOopepMeHTHMITI aHAai3
(ELISA) BukopuctoByBaBcs mis ouinku B/I3b, Bitaminy
D(250H), IITT.

CTaTUCTUYHUM aHajli3 MNPOBOAMIM 3a JOIOMOIOI0
nporpamHoro 3abe3neyeHHst SPSS (Bepcist 23, IBM Corp.,
Armonk, NY, USA). HopmanbHicTh po3nofiiiB Oe3re-
PEPBHUX 3MiHHUX OILIHIOBAJIM 3a JOMOMOTIOI0 KPUTEPIiIO0
amipo — VYinka. [lani Oyau HaBeneHi SIK CepenHeE 3i
CTaHIIApPTHUM BigxujeHHsIM (cepenHe * SD) abo sk mesi-
aHa 3 mepuuM i Tpetim KBapTuiasimu (meniaHa (Q1—Q3)).
[NopiBHSIHHS 17151 ABOX TTOB’I3aHUX BUOIPOK IIPOBOIMIIN 32
JIOTIOMOT0I0 BUKOPHUCTaHHsI KpuTepilo CTbhIOAeHTa y BHU-
MMaaKy HOpMaJbHOTo po3smnoniny; T-kputepiio Binkokco-
Ha — IpU PO3MOAiIi, BiIMiHHOMY Bil HOpMaibHOTO. s
MUCTIEPCiitHOTO aHai3y 3acTocoByBaiu Kpurepiii [lledbde
abo Kpackenma — BoJsutica 3 peTpoCleKTUBHUM TECTOM
JaHHa 3ajiexxHo Bia posmnodiny gaHux. KopemsiiiHui
aHaJli3 MPOBOAMJIM 3a JornoMorot KoediiieHta Cripme-
Ha. CTaTUCTUYHO 3HAYYIIMMU BBaXKaJIM BiIMiHHOCTI Tpu
p <0,05.
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PesyAbTaTH

AHaJi3 MoKa3HUKIB KaJblliii-hochopHOro 0OMiHy BU-
SIBUB HU3KY BiIMiHHOCTEU Bil HOPMaJIbHUX 3HAYEHb Bi-
taminy D(250H), xanbiiito, ochopy KpoBi, y yacTUHU
00CTexXeHUX OyB BMSIBIICHUII BTOPUHHUIA Tirepriapatupe-
03. Meniana nokasHukiB BitamiHy D(250H) Binnosinana
piBHIO AediuuTy He3anexHo Bia piBHsa pLLIIK®, nmpuuomy
HaWHIDKYe 3HAaYeHHS 0yJI0 y TPeThOI IpyIHU Malli€eHTiB — 13
(8,48—16,4) Hr/mi1, 110 BiApi3HIOCS Bim MeaiaHM TTOKa3-
HUKiB niepiuoi (16,38 (13,88—19,83) Hr/MJ1) Ta Ipyroi rpyi
(18 (12,8—20,74) ur/mn), p < 0,05.

3a HallMMM pe3yJibTaTaMu, criocTepiragacs TeHASHIIist
JI0 PO3BUTKY TiMOKAaJbIIiEMIi B 00CTeKEHUX 0Ci0 (BUXimTHI
piBHi 3arajibHOrO Kanblito Oyau: 2,28 + 0,08 Mmomb/i,
2,11 £ 0,11 mmonb/n, 2,02 £ 0,18 MMOJIb/JT BiANIOBIAHO ¥
MepIiit, Apyriii i Tpetiit rpymax, p = 0,067). Takox Bin-
3HAYaJIOCs 30UIbIIEHHS piBHS (pochopy B KpPOBi y Mipy
nporpecyBaHHsI 3HMKeHHsT pLIIK®D: 1,24 + 0,8 MMomb/11,
1,46 £ 0,61 mmonb/m, 1,52 = 0,31 MMOJIb/JT BifIIOBIIHO Y
nepiiid, apyriit i Tperiit rpynax, p = 0,101. Xoua pizHu-
i MiX rpynaMu y nmokasHUKax KaJbllito i pocthopy Kpo-
Bl HE MaJlM CTAaTUCTUYHOI 3HAYYIIOCTi, JaHi BKa3ylOTh Ha
MOXJIMBE TOPYILIEHHST Kajbliii-(ocopHOro ooMiHy npu
MporpecyBaHHi HUPKOBOI HEIOCTATHOCTI, 1110 BilMOBiIae
JMaHUM JIiTepaTypy PO 3MiHW MiHEpaJIbHOTO OaslaHCy Ha
pisHux cragisx XXH [15]. Cnix Big3zHauuTH, 110 4acTKa
MAIIE€HTIB i3 TIMTOKAJIBIIEMIEIO Y OPYTiii TPy CTaHOBMWIIA
11 %, y tperiit — 18,3 %. IinepdocdaTemist Bu3HavYamacs y
9,1 % BumaakiB y Tpetiii rpymitay 3,7 % — y apyriit. Takox
nauiedty 3 pIIK® 60—30 mui/xB/1,73 M?> Manu HaiiBu-
111y aKTUBHICTb MapalnuTOINOAIOHNX 3aJ103 32 TOKa3HUKOM
ITT — 75,56 (50,82; 112,89) mir/mi1, sIKWiA BipOTiTHO Binl-
pi3HSBCH Bix 3HayeHb y nepuriit (52,75 (40; 68,03) mr/mir)
i mpyriit rpymi (54,70 (43,59; 85,27) mr/mi), p < 0,05.

Pisenp BJ/I3B y cupoBaTili KpoBi HaAHWXUMIL y TIEp-
moi rpymu — 93,6 (68,17—109,67) Hr/mi i 36iiblryBaB-
cs BinmoBimHO no 3HuxkeHHs1 pLIK®: 101,07 (75,34—
132,84) Hr/ma — npyrarpyma, 132,82 (97,3—168,8) Hr/mia —
TpeTs, MPUYOMY TIepIla i Ipyra IPYyIu CYTTEBO Biapi3HSLIN-
cst (p<0,01).

INokaszunku CAK mo0GoBoi cedi, K i CHPOBATKOBUIA
B3b, TakoxX mOigBUINYBalIMCS BIiAMOBiZHO OO MpPOTpe-
CyBaHHSI HUPKOBOI HemoctaTtHOCTi: 3 (3; 3,6) Mr/MMoib
y niepuiiii rpymi, 3 (3; 4,2) mr/mMModb y apyriii i 5,25 (1,3;
59,8) mr/mmonsb y Tpetiii, p = 0,852. Tpuanictb miadbety
CTaTUCTUYHO 3HAYMMO Bifpi3Hsacs y MeplIoi Ta Tpe-
ThOI Ipym (6 (5; 13) mpotu 13,5 (9; 23) pokiB BimMmoBimHO,
p < 0,05. Takox mokazuuku HbAlc, ooBony Tanii (OT),
innekcy macu tinia (IMT) cyTTeBo He Binpi3HsIIMCS 3a Tpy-
amu.

BuBuaroun pons BIA3bB y mopyiieHHi Kanbliii-doc-
¢opHoro ooMmiHy B mamieHTiB i3 JIXH, Mmu BusBUIN mo3u-
TUBHUI KOPEJSALIHHNINI 3B’ 130K Y TIePIIIiii TPyIli NalliEHTIB
Mix B/I3b cupoBatku kpoBi Ta CAK mo60Boi ceui (koedi-
uient Cripmena r = 0,46, Ha piBHi 3HaunmocTi p = 0,04),
1110 BKa3ye Ha MoTeHLiHy pojib BJI3b sik paHHbOro Map-
Kepa ypakeHHs HUPOK. BUXinHi JaHi NauieHTiB HaBeIEHI
y Taour. 1.

Cepen obcTeXXeHNX MALi€HTIB criocTepiranocsd 5,26 %
BUIAAKIB OINTUMaJbHOTrO piBHSA BitamiHy D(250H),
24,81 % nHemocTaTHBOTO PiBHA Ta 69,93 % nmedimuTy, ski
moTpeOyBaay KOpeKilii Mmoka3HuKa. /s BUBYEHHST POJIi
B3b y kopexkuii nedinuty Bitaminy D O6yia obpaHa rpyma
nauieHTiB (n = 32), y SIKux OyB BUSBJICHUI ne(illuT BiTa-
Miny D. Ilamientam Oy10 npu3HaYeHO XOJaeKaabludepoa
y no3yBaHHi 4000 OJI rpoTSAroM TpbOX MiCSLIiB 1OJIaTKOBO
IO CTaHAAPTHOI Teparlii OCHOBHOIO 3axBoproBaHHs. Ilo-
PIBHSITBHUIA aHaJTi3 TTOKA3HUKIB Kabliii-pocdopHoro 06-

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 + 8,71%3 64,59 + 8,06’ 65,26 + 7,16' 0,490
(TFE’(;"KBV?)”iCTb piacery 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
MTr (nr/mn) 52,75 (40; 68,03)° 54,70 (43,59; 85,27)3 75,56 (50,82; 112,89)"2 | < 0,05
:f\f;‘;ﬁf};)ara”b””“’ 2,28 + 0,08 2,11+0,11 2,02+0,18 0,067
®ocop (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/Mmornb) 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

Mpumiten: 23 — pisHULSI 3 NepLLIOIO, APYror0, TPETLOI rpynamMmu cTaTUCTUYHO BiporigHa, p < 0,05; HbA1c — rni-

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

3a pesyasraTamu, Iiciast mpuiioMy BitamiHy D Bipo-
rigAHO piBeHb 3arajibHOTO KaJbllil0 B KPOBi ITiJBHUIIyBaB-
cs Bim 2,148 + 0,11 mo 2,32 + 0,16 mMonb/1, a dhochop
3HMxKyBaBest Bin 1,38 = 0,13 no 1,32 = 0,12 mMmonb/i,
p < 0,001. Bitamia D(250H) y cepenHbomMy IigBHUIITyBaB-
cs 3 12,14 £+ 3,99 nmo 34,53 + 6,17 Hr/mu 3a Tpu Micslii,
p <0,001. LlikaBo, 1o piBenb BJI3b 0yB BiporimHo BULIIUM
y MiArpyIi Nali€HTIiB, SIKi HE JOCSATIN ONTUMAaJIbHOTO PiBHSI
Bitaminy D (25(OH)D) uepe3 tpu micsui (31 %), mopiBHs-
HO 3 TUMHU, Y Koro piBeHb 25(OH)D nocsrnys > 30 Hr/mi.
30Kpema, y MallieHTiB i3 HEIOCTaTHHOIO BifAIIOBIIIO0 HA TE-
pario xosekaiabludeposoM cepeaHiii pieHb BI3b cra-
HoBuB 274,7 £ 160,9 Hr/MJ1, TOAI SIK Y MAIIEHTIB, SIKi TOCSI-
[JIN LJIbOBUX 3HAYeHb BitaMiny D, — 127,2 + 41,87 ur/mn
(p =0,036).

Takox y muHaMmilli BUSIBICHO BipOTiZHY pi3HUIIO B
nokasHukax IMT pmo i miciaa mpuitoMy Bitaminy D —
30,13 £ 4,69 xr/m? ta 29,86 * 4,66 kr/m?, p = 0,005. Ta-
KOX OTpUMAJIM BipOTiOZHY Pi3HUII0 MiX MNOKa3HUKaMU
OT: mo mpuitomy BitamiHy D y maiieHTiB (ikcyBazocs
99,91 + 12,99 cwm, nicna — 99,34 + 12,97 cm, p = 0,012.
Xoya oTpMMaHi aHi ITOKa3yloTh BiporigHe, aje BiTHOCHO
He3HauHe 3HmXeHHs IMT ta OT, e Moxe CBimYUTH TIpO
MOTEHUiiHU BIUIMB BiTamiHy D Ha Xuposuii i Byrje-
BOJHMI OOMiH, 30KpeMa 4epe3 TiABUILECHHS KOMIUIA€H-
Cy MAli€HTIB YHACHIIOK TUHAMIYHOIO CIIOCTEPEXEHHS i
aKTHMBHOI y4acTi y JochimkeHHi. TakoxX BUSIBIEHO Bipo-
rimHe 3HKeHH piBHA [T mo xopekuii BitamiHoM D —
74,93 (56,97; 93,78) nir/mn, micast — 64,5 (50; 79) nir/mi
(p < 0,001). Pesynprat AMHAMIYHOIO CIIOCTEPEKEHHS
Haj JabopaTOPHUMU MOKA3HUKAMU Yy Talli€EHTIiB HaBeAeHi
y TabJ1. 2.

O6roBopeHHs

OTpuMaHi pe3y/IbTaTy CBiIuaTh Mpo Te, IO i3 mporpe-
cyBaHHsIM XXH i 3HmxenHsm plIIK® criocrepiratotbest
3HauylIlli 3MiHM y MOKa3HUKax MeTabosizMy BiTaMiHy D
Ta MiHepajabHOTO OOMiHY. PesynbraTu mociimKeHHS J10-
3BOJISIIOTh TIPUITYCTUTH, 1110 30iiblieHHsT piBHSI B/A3b €
HACJTiIKOM MMOBIpHOTO KOMIIEHCATOPHOTO 30iTbIIEHHS

cuHTe3y B/I3b meuiHkoroo y BiANOBiab Ha TiMOKablLiEMilO0
i nedinuT BiTamiHy D SIK TpaHCIOPTHOTO MPOTETHY Y MPO-
1ecax Merabosizmy BiTaminy D. Lleit mexaHi3m cripsmo-
BaHMUI1 HA MiATPUMKY IEBHOTO OajaHCy y TOMEOCTaTUYHIi
cucteMi Kaibliiii-pocchopHoro oomiHy. Harti pesynasratu
rokasajau TEHIEHIiI0 10 MiIBUIIEHHS CHUPOBATKOBOTO
piBusg BA3b y nauienriB 3i 3HmxeHum plIIK®. Bussie-
Hi TiMOKaJbLi€EMisl Ta MiABUIIEHHS PiBHS IapaTrOPMOHY
crocTepiraaucss B 000X Ipyrax 00CTeXeHUX, 110 MOXHa
PO3LIIHUTU K MOYATKOBI 3MiHM MiHepabHO-KiCTKOBUX
po3namiB.

Takox migsuineHHss BJI3B y ceui MoxHa posrisimat
SIK paHHIill MapKep TyOyJI0iHTEPCTULIATbHOTO 3aMalbHOTO
npoiiecy Ta ¢piOpO3HOrO YIIKOMKEHHS HUPOK, SIKi pO3BU-
BaroThest mpu JIXH [16]. CyuacHi gociigKeHHsSI BKa3yloTh,
mo BTpaTta BJ/I3b i3 cedyero Moxe BUKOPHCTOBYBATUCS SIK
MOKA3HUK JJIsI TPOTHO3YBAHHS MOIIKOIKEHHS] HUPKOBUX
KaHaJIbLIiB y oci0 i3 pusuxkoM niadety [17, 18]. ¥V moci-
mxeHHi Haoshuang Chen ta iH. BKa3zyeTbes, 1110 BI3b ceui
MO>KHa BUKOPUCTOBYBATH SIK HOBUI MapKep IJIsi paHHbOI
NIarHOCTUKM, a TakoxX Uit ouiHku Tsikkocti AXH [19].
[Hani 3 BuBueHHs B/I3b y cupoBartiii KpoBi 0OMeXeHi B JTi-
Teparypi, 1110 CTBOPIOE HIMPOKE MOJie /Uil MOLIYKY HOBUX
acoliaTUBHMX 3B’SI3KiB i MOCTIMKEHHST pOJi y MmaTtoreHesi
HUPKOBUX ypaxkeHb rpu LIJI.

EdextuBHicTh niKyBaHHS nedinuTy BiTaminy D Bigpis-
HsIIacs y malieHTiB 3anexHo Bin piBHs BA3b. Tak, kpami
pe3yabTaTi Kopekilii aediuuty BiTaminy D Big3Hauamu-
cs y TallieHTiB i3 BUXigHUM HuxkuuM piBHeM BI3b. Iip-
1y KOpeKIlito BiTaMiHy D y auHamilli Npu IMiaABUILIEHOMY
piBHi B/I3b MOXHa MOSICHUTU MOXJIMBUM 3MEHIIEHHSIM
GiomocTymmHOCTI BibHOTO BiTamiHy D. Bimomo, mio Bita-
MiH y KPOBi LIMPKYJIIOE TIepeBakHO Yy 3B’s13aHiil (popmi 3
BI3b (~ 85-90 %) ta anpbyminom (~10—15 %), i auie
<1 % 3HaxomWUTbCSA Y BiITLHOMY, 0iOJOTiYHO aKTUBHOMY
crani. [Ipu Bucokomy piBHi BJI3b Ginblra yactTuHa BiTa-
MiHy D 3B’s13y€ThCsI, 110 3MEHIIYE OT0 JOCTYMHICTh IS
kiaiTuH-MimeHen [20]. Takox € maHi, 110 y TAIiE€HTIB i3
HUPKOBUMMU MOPYILIEHHSIMU MOXe 3pocTaTu piBeHb B/I3b,
10 10AATKOBO YCKJIAHIOE 3aCBOEHHS BiTaMiHy D Ta iioro
aKTUBHY KOHBEPCil0, OCKibKY akTuBHui 1,25(0OH),D mo-
cmieHo 3B’ s13yeThed i3 BJA3b6 [21].

Tabnuys 2. uHamika KniHiko-nabopaTtopHuX NoKa3HUKIB Ha T/i slikyBaHHs geqiynty sitaminy D

lMoka3Hukun BuxigHi aaHi Al 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
pLUK® (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
MATE (nr/mn) 74,93 (56,97; 93,78) 64,5 (50; 79) < 0,001
Kanbuin 3aranbHum (Mmornb/n) 2,148 = 0,11 2,32 +0,16 < 0,001
®docdpop (MMornb/n) 1,38 + 0,13 1,32 +0,12 < 0,001

Tom 14, N2 2, 2025

www.mif-ua.com, http://kidneys.zaslavsky.com.ua 9



OpuwuriHaabHi ctarti / Original Articles

BucHOBKU

B/JI3b sk cki1amoBa 4acTMHA y Tpoiiecax MeTaboizMy
BiTaMiny D Bimirpae Kito4oBy poJib SIK TPAaHCIOPTHUM Oi-
JIOK, a Horo piBeHb MOTPiOHO BpaxoBYBaTH IPU KOPEKIIil
KiCTKOBO-MiHepaJIbHUX po3aiB y naiieHTiB i3 JAXH. 3mi-
Hu piBHg BJA3b cupoBaTku KpoBi, IMOBIpHO, 3ayeXaThb
BiI 10ro KOMIIEHCATOPHOI'O CMHTE3y IEUYiHKOIO y pa3si Ti-
nokanblieMii Ta nedinuty Bitaminy D. I[IpoBeaene moci-
JKEHHSI TI0Ka3ajo, 1110 Bil3HAYAEThCS MiABUILECHHS PiBHS
BJI35 i3 mporpecyBanHssm XXH Ha ¢oni LI/ 2-ro Tumy.

Pesynsrati nOCHIAXKEHHS JEMOHCTPYIOTh, WO edek-
TUBHICTb JIiIKyBaHHS 3ajexkuTh Bin piBHs1 BA3b cuposat-
KM KpOBi y Takux maiiieHTiB. Kpaia kopekuis nediuuty
BiTaminy D Big3Hauaerbcs i3 Huxkuum piBHem BI3b6. V
pasi migBuiieHHs piBHs BJI3b cupoBaTtku KpoBi edek-
TUBHICTh JIIKyBaHHS HIDK4Ya, HMOBIpHO, 4epe3 3MEHIICH-
Hs 0i00CTYITHOCTI BiTbHOTO BiTaMiHy D Ta 110ro akTUBHY
KOHBEPCilo, OCKinbKM akTuBHuiA 1,25(0OH),D mocuneno
3B’s13y€eThesd i3 BJI3b.

KonduikT inTepeciB. ABropu 3asBIsIIOTH PO BiACYT-
HiCTb KOHQJIIKTY iHTepeciB Ta BjJacHOI (hiHaHCOBOI 3alli-
KaBJICHOCTI IPU MiATOTOBII JaHOI CTATTi.

Buecok aBTopiB. €poxoBuuy B.M. — moiyk Ta 00-
poOKa crelialbHOl JIiTepaTypu 3a TEeMOIO, OOCTeKEHHS
MalieHTiB, ydyacTb y J1abOpaTOPHUX MOCIHIIKEHHSIX, 30ip
iHdopmaliii, craTuctTiyHa oOpoOKa, HamMCaHHS TEKCTY
crarti; Kapnenko O.B. — nuzaitH mocniimkeHHs, 30ip Ta
aHaji3 iHgopMailii, 00CTeKeHHS XBOPHUX, HAITMCAHHS TeK-
cry crarti; [npkiB €.1. — momyk Ta 00po0OKa criemiaabHO1
JIiTepaTypu 3a TEMOIO, YIaCTh Y JJa0OpaTOPHMX JOCIiIKEeH-
HsIX, 30ip iH(opMallii, HarmMcaHHs TeKCTy cTaTTi; [lamieH-
Ko I.A. — aHali3 naHux, 06podKa creliaabHOI JiTepaTypu
3a TeMOI0, HamrcaHHs TeKcTy cTarTi; Kpaciok I.B. — 306ip
Ta aHaji3 iHdopmalii, HarmMcaHHs TeKcTy craTtTi; Kobu-
a5k H.M. — ctatuctruuHa o0pobKa, MiAroToBKa pyKoIucy
no npyky; Komicapenko 0.l. — xonuentyamizalist, -
3aifH IOCTIIKeHHS1, aHali3 iHdopMallii, MiAroToBKa pyKo-
MHYCYy 00 MyOTiKalrii.
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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 fract
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 inhibitory 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 outperformed several tested anfibiotics 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 extfracts 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, 3-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-
cludeslipid 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 uL 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 F.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-dihydroxypropy! 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::ll:;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?li:;i;i: '; zsol:l)\e,
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

4

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

o SRR (1
.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
16 Hupium. Kidneys Tom 14, N2 2, 2025
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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 E.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 E.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 F.coli and
S.aureus at all concentrations, but with less activity than the
ethanol extract. The activity of the hexane extract against
E.coli reached 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 €TAHOJbHUX E€KCTpa-
KTiB CHipyJiHU. 3aBIaHHSIM € TMOIIYK CTaHIAapTU30BaHUX aHa-
JIITUYHUX METOMIB JUISI BUJUIEHHSI OPUTiHAJbHUX Oi0J0TiYHO
aKTUBHUX CITOJIYK i3 BOJOpOCTEl It 6OpOTHOM 3i MIKiITUBUMU
OakTtepisimu, ssKk-otT E.coli Ta Staphylococcus aureus, 0 BUKJIUKA-
10Th iHGEKIIT ceyoBUBinHUX HuIsxiB. MaTepiaau Ta MeToau. 1o-
CJIIKEHHST BKJIIOYAJIO 30ip Ta MiArOTOBKY BOAOPOCTEM CIipyliHU
3 M. Hacipis (Ipak). Bogopocti Oyiu ouniiieHi, BUCYIIEHi Ta I0-
NIpiOHEeHi B mopoIIoK. JIBaglaTh TpaMiB CyXOTrO MOPOIIKY 3MiIlly-
Basix 3 200 MJI eTaHOJIY Ta FeKCAaHOBUX PO3UYMHHUKIB i TMigaBaiu
YJIBTPa3BYKOBIi ekcTpakilii. OTpuMaHi eKCTpakTH (ibTpyBaiv Ta
30epiraju B CTEpUJIbHUX yMOBaX. AHTUMIKPOOHY aKTUBHICTb OLLi-
HIOBAJIM 3a Pi3HUX KOHIeHTpattiit (25, 50, 75 ta 100 mMr/mm) mpotu
OakTepiaibHUX WTaMiB Staphylococcus aureus Ta E.coli meTonom
nuckoBoi nudysii Kipoi — bayepa. Pesyabratu. EtaHonbHUit
€KCTPaKT MPOIEeMOHCTPYBAB HABUILIMIA iHTiOYI0uMii ehexT npoTu
FE.coli, i3 3oH010 nipurHiveHHs 20,00 * 2,00 MM mpu KOHIIEHTpaLIil
100 Mr/mi. Takox BiH MaB iHriOyiouy aito npotu S.aureus, i3 30-

Hoto npuTHiueHHs 15,60 £ 1,51 mm nipu KoHueHTpaii 100 mr/mit.
TekcaHOBUI eKCTPaKT MPOJSMOHCTPYBaB 3HAYHY aKTMBHICTb
npotu E.coli, i3 30HO10 npurHiyeHHs 17,60 = 1,15 MM mpu KOH-
neHtpartii 100 Mr/mJ1, a TaKOX iHTiIOyr0UMii eheKT IpoTH S.aureus,
i3 3oHOI0 TipurHidyeHHsa 14,80 = 1,30 MM mpu KOHIEHTpail
100 mr/mu. [lpu 3MeHILIEHHI KOHLEHTpalii aKTMBHICTb 000X
eKCTpaKkTiB 3HMXKYBajach. [1OpiBHSIbHUI aHali3 TMoOKasaB, IO
00MIBa €KCTPAKTH TEPEBUIITYBATU KiJlbKa ITPOTECTOBAHUX aHTH-
0iOTHKIB 1010 €(DeKTUBHOCTI ITPOTH BiAMIOBIZHNX OAKTEpiaTbHUX
mwraMiB. BucHoBKH. OTpuMaHi pe3ysibraTi CBiguaTh Ipo Te, 110
€KCTpaKTU BOJOPOCTEI MalOTh 3HAUHI aHTUMiIKPOOHi BJIaCTUBOC-
Ti. Lle poOUTB iX MOTEHLiHOIO aJbTePHATUBOIO KOHCEPBATUBHUM
aHTUOIOTHKAM Y JIIKyBaHHI iH(heKIill ceYOBUBITHUX IUISAXIB. [0~
CJTIDKeHHSI TAKPECIIOE BaXKIUBICTh IMX €KCTPAKTIiB Y PO3pOOILIi
crienndiyHUX TpenapariB i3 BOIOpOCTed ISl aHTUMiKPOOHOTO
3aCTOCYBaHHSI, 1110 CTIPUSITUME PO3BUTKY aJIBTCPHATUBHOI MEIM-
LIHU.

Ki104oBi ¢J10Ba: 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 to BPH. Materials and methods. A clinical frial study
was carried out in the Urology Unit at Al-Yarmouk Teaching Hospital during a period of 18 months from April
1,2023, tillthe 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 at presentation. BPH may hasten the evolution of chronic kidney
disease in different disease processes, and the etiology of chronic kidney disease is frequently complex.
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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: e GFR > 90 mL/min/1.73 m2.

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

3. Stage I11: eGFR 30—59 mL/min/1.73 m?2.

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 m
<0.09 7 (9.9) 8(11.2) 3(4.2)
0.09-0.111 1(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 =10.001) 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 . .
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 43.7 (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 dg ys after TURP, mean = SD, mmol/L
No 64 90.1
Bleeding 5 70 Preoperatively U d_l:fle’/;gfter 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 pe3eKLUii NPOCTATU HA PYHKLIKO HUPOK Y NALLIEHTIB i3 HAPKOBOIO HEAOCTATHICTIO,
SIKi He NOTPebYIOTb AiCAI3Y

Pe3iome. AxryanbnicTs. HajinonynspHiroio xipypriuHoro npo-
LIeypOIO TIpY TOOPOSIKICHIl Tinepruiasii mepeamixypoBoi 3a103u
(ATTI3) 3anuiiaeTbest TpaHCypeTpalibHA PE3eKIlisl MepeaMixypo-
Boi 3a103u (TYPI13), 1110 TaKOX € 30JI0OTUM CTAHIAPTOM, 32 IKUM
OLIHIOIOThCA iHII XipypriuHi (i HaBiTb MEIMKAMEHTO3Hi) BTpY-
YaHHs. Y 0aratboX BUMagKaX HUPKOBOI HEJOCTATHOCTI, CIpH-
YMHEHOI OOMEXEeHHSIM BiITOKY cedoBoro Mixypa, TYPII3 Bin-
HOBJIIOE HOPMAJIbHUI PEXUM CeYOBUITyCKaHHSs. VleTa: oLiHuTH
BIUIMB LI€T polienypy Ha (yHKIIiI0 HUPOK Y MalliEHTIB i3 HUPKO-
BOIO HEIOCTATHICTIO, 1110 BUHKKIA BHacainok AI'TI3. Marepianan
Ta metoaM. KiiHiuHe pociiakeHHs: OyJ10 MPOBEAEHO B YPOJIOTiu-
HOMY BiIIiJICHHI HaBYaJbHOI JiKapHi Anb-SpMyK mpotsrom 18
wmicsaiiB 3 1 kBitHs1 2023 poky mo KiHist BepecHs: 2024 poky. Ho
HBOTO OyJI0 BKJIIOYEHO 71 mauieHTa 3 1iarHo30M IUChYHKILIT HU-
POK, 1110 He TIOTpedyBasia fiami3y Ta Oyia 3yMOBJieHa OOCTPYKIIi-
€10 BUXiITHOTO OTBOpY ce4yoBOro Mixypa BHacnigok AI'TI3, skum
mianyBasiocst ipoectu TYPII3. B ycix HuX piBeHb KpeaTHMHiHY

MpoaHali30BaHO Mepes ornepali€ro, a MOoTiM Yyepe3 ABa THXKHI Tic-
Jis1 BUnasieHHs karerepa @osest. KitiHiuHi mposiBy oLliHIOBaIM 3a
MiXHapoIHOIO IIKAJI00 CUMIITOMIB ripocTatu. Pe3yabTaTu. Ye-
pe3 14 oHiB mic/sa mpolenypy piBeHb CUPOBATKOBOTO KPEeaTUHIHY
3HAYHO 3HU3MBCS MOPIBHSIHO 3 MOKAa3HUKOM HAa MOMEHT 3BEpPHEH-
Hsl. [paHuuHe noornepalliiiHe 3HaYeHHSI CTAaHOBWIIO 3,1 MMOJIb/JI,
TOMY piBEHb CHPOBATKOBOTO KpeaTuHiHy < 3,1 MMoJb/1 mepen
BTPYYaHHSIM € TIPEAUKTOPOM TOMIMIIEeHHs (PYHKIIii HUPOK ITiCJIst
TYPII3. Kposoteua micis onepaiiii crioctepiraiacs B 7 % Bu-
nankis. BucHoBku. DyHkitist Hupok micast TYPII3 BusiBuiacst
JIIIIOIO B MALIIEHTIB i3 HUPKOBOIO HEIOCTATHICTIO, V SIKMX PiBeHb
KpeaTHUHiHy B CUPOBATIIi KpOBi OYB HIXKUMI HA MOMEHT 3BEPHEH -
Hs. JIT'TI3 Moxe MpUCKOPUTH PO3BUTOK XPOHIYHOI XBOPOOU HU-
POK TIpM Pi3HUX CTaHaX, a €TIOJIOris XPOHIYHOT XBOPOOU HUPOK
YacTo € CKJIATHOIO.

Ki11040Bi €J10Ba: HupKOBa HEJOCTATHICTE; TpaHCYpPETPAbHA Pe-
3eKI1is TepeaMiXypoBOi 3a1031; KpeaTUHIH; IPOCTATa; rinepriiasis
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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 a 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 antiproliferative 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 conftrols (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

v Biopsy samples were

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 | 4.90+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 | '#10% | 32703306 | 33.00+33.51 | 36.10+36.24 [27.3041.68 | ‘o o
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 | 290 +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 symptoms.

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 PSS 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].
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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 (4 better)
—e— Qmax (1 better)
—e— PVR (! better)

Procedure success
and complications
The procedure was

Baseline T4d 304 50d
Follow-up Time Points

180d 3654

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 NOKPUTTS BAAOHHOrO KateTepa

Pesiome. AKTyalbHicTh. CTPUKTYpA MEPEIHBOI YPETPH € TTOLIH-
PEHUM YPOJIOTIYHUM CTAHOM, 1110 XapaKTEePU3YETHCS 3BYKEHHSIM
11 IPOCBITY, SIKE MPU3BOJAUTD A0 MOPYIIEHb CEUOBUITYCKAHHS, 3a-
XBOPIOBaHb CEYOBMBITHUX NUISIXiB Ta 3HWKEHHS SIKOCTi KWUTTS.
CyyacHi MeTOomM JIiKyBaHHsSI, 30KpeMa MeXaHiuHe PO3IIMPEHHS
ypeTpu i1 ypeTporiacTKa, YacTO CYNMPOBOIXYIOTCS BUCOKOIO
yacToTolo peuuauBiB. IlakimitTakcen — MOTYXHMI aHTUIIPOJi-
depaTuBHUI Tpernapar, 1mo e(MeKTMBHO BUKOPUCTOBYETHCS B
CYIMHHUX CTEHTAaX [JIsl 3aro0iraHHs pecTeHo3y. Y I1bOMY JIO-
CJIIIXKEHHI MpoaHaji3oBaHO 0e3mneKy Ta e(heKTUBHICTb 3aCTOCY-
BaHHsI KaTeTepa 3 MaKJIiTaKCeJOBUM IMOKPUTTAM JIJISI 3HUKEHHSI
YacTOTH IMMOBTOPHUX BTPYUYaHb Y MAIIEHTIB 3i CTPUKTYPOIO TIepe-
Hboi ypeTpu. Marepiaan Ta Mmetoau. [IpoBeneHO TOCTiIKEHHS
3a yuacTio 30 oci6 3i CTPUKTYpOIO TIepenHbOi ypeTpu. IM nposo-
JIAJIOCH PO3IIMPEHHST YPETPHU 3a JIOTIOMOTOI0 KaTeTepa, MTOKPUTO-
TO TAKJIITAKCEeJIOM, SIKW1 BCTAHOBJIOBAJIM ITiCJIsI TBOTUKHEBOTO
nepionmy karerepu3sailii. OCHOBHOIO KiHIIEBOIO TOUKOIO OyJia yac-
TOTa MOBTOPHUX CTPUKTYP Uepe3 1IiCTh MiCsILiB, BUBHAUCHUX SIK
ypeTpasibHUIA MpocBiT MeHIuit 3a 10 Fr 3riqHo 3 maHuMM peTpo-
rpagHoi yperporpadii. BropuHHi KiHIIeBi TOUKM BKJIIOYATU 3Mi-
HU IIBUIKOCTI TOTOKY cevi, 00’€My 3aJIMIIKOBOI Ceyi MicIs ceuo-

BUITYCKAHHSI Ta OLIiHKY 3a mikanoro IPSS. PedyabraTn. Cepenniit
BiK Malli€HTIB cTaHOBUB 43,2 POKY, a CepeaHs TOBXUHA CTPUK-
Typu — 2,5 cM. MeToa OyB ycHilllHUM y BCix oci0, 6e3 cepitos-
HUX yCKJIamHeHb. Yepe3 WIiCTh MiCsIiB 4acTOTa pecTeHO3y Oyna
3HAYHO HMKYOIO B AOCIIIIKYBaHiil TPYITi MOPiBHSIHO 3 KOHTPOJIb-
Hotw (13,3 mpotu 60 %, p < 0,001). LIIBUAKICTh MOTOKY cedi Ta
olliHKa 3a mkajolo IPSS 3aramoM mojimumiancs, Toai IK 00’eM
3aJIUIIKOBOI CeYi ITiC/IsI CeYOBMITYCKAHHS 3MeHIIUBCs. 2KOTHMX
BUITa[IKiB TOIIKOMKEHHS a00 iHbeKIIill ypeTpu He 3adiKCcoBaHO.
BucHoBKM. Y nociimkeHHI poaeMOHCTPOBAHO Oe3MeKYy i eek-
TUBHICTb KaTeTepU3allii 32 TOIMTOMOT0l0 0aJIOHHOTO KaTeTepa, Mmo-
KPUTOTO TMAaKJIiTaKCeJIOM, Y 3MEHIICHHI YaCTOTU PELUAMBIB y Ta-
LIE€HTIB 31 CTPUKTYPOIO MepeaHbo1 ypeTpu. OTpuMaHi pe3yabratu
CBiUaTh MPO MEPCNEKTUBHICTb LILOTO MaJ0iHBA3UBHOTIO MiIXOMY
TMOPIiBHSIHO 3 TPamWIilHUMKU MeTOAaMU JIiKyBaHHS. s min-
TBEP/KEHHSI BUCHOBKIB Ta BU3HAYEHHST JOBFOCTPOKOBOI edek-
TMBHOCTI HEOOXilnHi MacilTaOHi paHIOMi30BaHi KOHTPOJIbOBaHi
TOCITiKEHHSI.

Kii0490Bi citoBa: crpukrypa nepesHboi ypeTpu; makiiTakcel;
OaJIOHHUIT KaTeTep; PO3IIMPEHHSI ypeTpH; 4YacToTa PECTeHO3Y;
MaJIOiHBa3MBHE JIIKyBaHHS
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"IHCTUTYT MICASIAMIIAOMHOI OCBITY HALIIOHAABHOIO MeAnYHOro yHiepcutety imeHi O.O. bOroMOAbLIS,
M. Kuis, YkpaiHa
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OpraHisauisa HeppPOAOriHHOT AONOMOrM NALIEHTAM
i3 TePMIHOABHOKO XPOHIYHOKO XBOPOBOIO HUPOK
I cynyTHbO10 SARS-CoV-2 iHdpeKuieto
B YMOBCOX BOEHHOIO CTOHY:
peTpocneKkTuBHe AOCAIAXEHHS (2022-2024)

Pestome. AKTyaAbHiICTb. [1QLiEHTY i3 XPOHIYHOK XBOPOBOK HMPOK (XXH) € BKPQW BOA3AMBOKO KQTEropi-
€10 My YAC NAHAEMIV Yepe3d NMopYLUEHHST IMYHHOI BIAMOBIAL, YQCTI rOCMITAAIZALIT TQ 3QAEXXHICTb Bia CrieLi-
anizosaHoi tepanii. SARS-CoV-2 3AQTEH ypQXKQTU HUPKKM 6e3nocepeaHbo Yepel peuenropm ACE2, 1o
EKCMPECYIOTLCS Y MPOKCUMAABHNX KAHAABLSIX, Y1 ONTOCEPEAKOBAHO Yepes CUCTEMHE 3QrNQAAEHHS TA rinep-
koaryasuito. Y nauieHTiB HQ aianizi COVID-19 noB s13QHWM i3 MIABULLIEHUM PU3MKOM YCKAQAHEHb, 300OCTAH-
HSIM €PUTPOMNOETUHOBOI PE3NCTEHTHOCTI TQ BUCOKUM PIBHEM AETAABHOCTI, B yMOBQX 36 00MHOI0 KOHMAIKTY
B YKkpaiHi 3 noyarky 2022 poky npobrema HEGPOAOTYHOI AOMNOMOIr YCKAQAHUAQCST PUINKAMM QI3NHHOI
6e3nexu, NepemiLLLeHHSIM HOCEAEHHST, HECTAYEIO PECYPCIB | BHUKEHHSIM AOCTYMHOCTI KPUTUHHX MEAMYHNX
MOCAYT. BITYM3HSIHI AXKepeAQ OrmcyroTb QAQMTALIVHI PILLIEHHS], 30KPeMa MOBIAbHI AIQAIZHI KOMQHAM, PEAOKQ-
Lito MAUEHTIB | BUKOPUCTAHHST KPU30BUX MAPLLPYTIB. [10OTe MUTAHHST €PEKTUBHOCTI AiKYBAHHSI TA KAIHIYHOIO
nporHogy nauieHTis i3 XXH 5D i cynytHim COVID-19 B yMOBQX BiviHW AOCI MOTPE6YE CUCTEMHOIrO QHAAI3Y.
Mera: npoaHanizysat nepebir COVID-19 1 opraHisauiviHi aCnekt HOAQHHS HEGPOAOMYHOI AOMOMOr
naujieHTam i3 XXH 5D cTaaii, siki OTomMMYHOTb MPOrPAMHUA TEMOAIQAI3, B YMOBAX BOEHHOIO CTAHY B YKPQIHI.
Marepiaan Ta MeToaUn. PETDOCIEKTMBHE OAHOMPOGIABHE AOCAIAXKEHHS BKAOYAAO 31 naujeHTa 3 XXH 5D
i A@bopaTopHO niaTBepAXkeHor SARS-CoV-2 iHpekuieto, skui nepebyBaB HA MPOMPAMHOMY FEMOAIQAI3I
nportsarom 2022-2024 pokiB. AHQAIZYBAAU KAIHIYHWV epebir iHpeKLi, AeTAABHICTb, 3MiH Y YYTAMBOCTI AO epU-
TPOMNOETUHY, €PEKTUBHICTb AIQAIZY, CTATYC BAKLMHALIT Vi OPraHIi3QUiviHi BUKAVKY, Pe3yabTatn. CepeaHin Bik
naujeHTiB ctaHosuB 64,2 + 10,8 poky. Aerkmi nepebir COVID-19 BiasHayeHO y 61,3 %, cepeaHivt—y 25,8 %,
TSOKKLMA — 'y 12,9 %. ANeTanbHICTs CTAHOBUAQ 6,5 %. Cepes HEBAKLUMHOBAHMX YOCTKQ TSHKKUX BUMQAKIB OYyAQ
3HQYHO BULLIOKD. Y 45 % nALEHTIB BIiABHQYAAOCS 3POCTAHHST €PUTPOMNOETUHOBOI PE3NCTEHTHOCTI. AiQAIBHO
AOIMNOMOrQ He rnepepuBaAQCs y KOAHOIO MALIEHTA, MOMpPY OPIraHi3QLIMHI TOYAHOLL, MOB 13QHI 3 BOEHHUMM
YMOBQMU. BUCHOBKW. Pe3yAbTATI AEMOHCTRYIOTE MOXKAUBICT €eKTMBHOI OpraHisaLii HOAQHHST HEGPOAO-
r4HOI AOMOMOM HABITb Y KPU30BMX OOCTABUMHAX. BAKLMHALLS Y1 QAQMTOBAHI MEAVNYHI MQPLLPYTY 3HVXKYHOTb
PUBMK YCKAQAHEHB | 3a6e3reyyroTb CTAAICTb AIKYBAABHOIO MpoLecCy.

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

© «Hupkm» / «Kidneys» (Pocki), 2025
© Bupaseub 3acnascobkmit 0.10. / Publisher Zaslavsky 0.Yu., 2025

[Nina kopecnoxperwii: xa66apni lca Wagorna ornu, kadeapa Hedponorii Ta yponorii, IKCTUTYT nicnAZUNNOMHOT 0cBiTH, HauioHanbHwil MesnuHuii yHiBepcuTeT imeni 0.0. boromonbus, 6ynbB. Tapa-
ca LlleBuenka, 13, m. Kuig, 01601, YkpaiHa; e-mail: dc.jabbarli@gmail.com, jabbarli.isa@gmail.com

For correspondence: Jabbarli Isa Shadoglan ogli, Department of Nephrology and Urology, Postgraduate Education Institute, Bogomolets National Medical University, Taras Shevchenko boulevard, 13,
Kyiv, 01601, Ukraine; e-mail: dc.jabbarli@gmail.com, jabbarli.isa@gmail.com

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 33



OpuwuriHaabHi ctarti / Original Articles

fpadiyHa aHoTauia

OpraHizauis He$ponorivyHoi
pgonomoru nauieHtam i3 COVD-19
y Nepiog BOEHHOr o CTaHy

HiarHocTuka
[MJ1P-Tect

I3onqauin
iIHOEKLINHMIA KOHTPOSb

Lianis
aflanTUBHI MePEXi XXKUBJEHHS

Cynposia
npoTuMBipycHa Ta
niaTpyMyBasbHa Teparnis

Bunucka
ambynaTopHe CNOCTEPEXEHHS
Bctyn

TMannemis COVID-19 cTtBopuiia 6e3npelieIeHTHI BU-
KJIMKU JIJISI CUCTEMM OXOPOHM 310POB’sI, 0COOJMBO 100
00CJIyroByBaHHSI MAILli€HTIB i3 TIXKKUMU XPOHIYHUMU Ma-
TosorisiMu. XpoHiuHa xBopoba Hupok (XXH), ocobauBo
Ha TepMiHanbHili cTanii (XXH 5D), morpebye nocriitHoro
creuianizoBaHoro JOTJISIAY, 30KpeMa PeryJsspHUX CEaHCiB
remomianizy. Lli mamieHTH MaloTh iMyHOJIOTIYHY Bpa3iin-
BICTh, IO 3YMOBIIIOE TSKUMIT IIepelir BipycHMX iH(peK-
miii, 3o0kpema SARS-CoV-2. JlocnimkeHHS ImoKa3aiu, 10
ypaxeHHs1 Hupok yHaciaigok COVID-19 moxe BUHUKATH
HAaBITh y Malli€HTIB 0€3 MaToJIOTii CeYOBUIUIBHOI CUCTEMU
[4,9,10].

B yMoBax BO€HHOro cTaHy, SIKMil TpuBa€ B YKpaiHi 3
2022 poky, HaBaHTaXXEHHS Ha CUCTEMY OXOPOHU 310POB’sI
30inpmmiaocs y pasu. [lopylieHHs JIOTICTUKM, 3arposa
Oearielli MalieHTIB i MEIMYHOTO MEepPCoHay, 0OMEXEHICTh
pecypciB — yce 1ie CTBOPIOE YHiKaJIbHE CepeloBUILIE AJIsI
BUBUYECHHSI afamnTallii cIieliajizoBaHol JOIOMOTH, 30-
Kpema y cepi Hedpoorii. [lonmepenHi ykpaiHChKi 10-
CIIIKeHHsI 3aCBiMUMIM 30aTHICTh BiTUM3HSHOI Hedppo-
JIOTIYHOI CIIyXKOU amamnTyBaTUCS 00 HaA3BUYalHUX YMOB
[12—14].

IlornmubieHe po3yMiHHSI KIIiHIYHUX XapaKTEPUCTHK,
opraHizailiifHux acnexTiB Ta e(peKTUBHOCTI HaJaHHS AO-
nomoru nauieHtam i3 XXH 5D i cynytHbolo iHdeKIieo

SARS-CoV-2 B ymoBax 30poiftHOTO KOH(IIIKTY MOXKe CTaTh
OCHOBOIO JUTSI CTBOPEHHSI KPU3OCTIKMX MTPOTOKOJIIB JIiKY-
BaHHSI.

MarTtepiaau Ta meToamn

[IpoBeneHO peTPOCIIEKTUBHE OMHOMNPOMIIbHE ITOCHTi-
JKeHHSI 3 aHaTi30M icTopiit xBopoou 31 narienta 3 XXH 5D.
[NamieHTN OTpUMYyBaIM TeMOialli3 i IepeHec I JadopaTop-
Ho miaTBepmkeHy SARS-CoV-2 iHdexiiito y rmepion i3 ciaHs
2022 o motuii 2024 poxy. I1arieHTu criocTepiraaucs y crie-
1iaj1iZoBaHOMY He(pOIOTiYHOMY 3aKJIai BEJIMKOro MicTa.

Kputepii BkJIIOYeHHS: TiATBepIKeHa TepMiHaIbHa
XXH 5D, nosutuBHuii pesyiasrar Ha SARS-CoV-2 Mme-
togoM RT-PCR, moBHa MeauyHa JOKyMeHTallis. AHali-
3yBaiu KiiHiyHuit niepedir COVID-19, noTtpeby B rocri-
Tajizailii, JeTaJbHICTh, 3MiHU y [103aX E€PUTPOIIOETHHY,
nokasHuku edexktuBHocTi aianizy (URR), craryc Bakim-
HalIil i opraHi3aliliHi BUKJINKH.

PesyAbTaTH

Cepen 31 mauienTta (17 XxiHoK, 14 40OJIOBIKiB; cepen-
Hiit Bik 64,2 + 10,8 poky) 61,3 % manu nerkuii mepedir
COVID-19, cepenniit — 25,8 %, tsoxkkuit — 12,9 %. 7 na-
uieHTiB (22,6 %) noTpeOyBaiu rocmiTatisallii, 2 3 HUX Oyau
repeBeNieHi 10 BilliJieHHs iHTeHCUBHOI Teparii. 3arajbHa
JIeTaTbHICTh CTaHOBWIIA 6,5 % (2 ocobw). OOMIBa TAIlIEHTH
MaJli TSDKKM Tiepebir, 3HauHy MoJIiMOpOiIHICTh i He Oyu
BakIIMHOBaHi (Tab. 1, puc. 1).

BaknHanpHUit ctaTtyc: y 19 mauienTiB (61,3 %) Gyna
3aBepllleHa BaKIIMHAIIi, IIe 8§ MaJiy JIMIIe OOHY H03Y, 4 —
HEeBaKIIMHOBaHi. Y HEBaKIIMHOBAHMX TSLKKUN Tepeoir
COVID-19 3adikcoBano y 50 % Bunankis, 110 30ira€tbCst
i3 ITI0GAIBHUMU CITOCTEPEKEHHIAMH [6].

14 nanieHTiB (45 %) Maiu 03HAKM 3HUKEHHS €(heKTHUB-
HOCTi €pUTPOITOETUHOBOI Teparlii, 0 MiATBEPIKYBATOCS
MiIBUIIEHHSIM iHIEKCY €epPUTPOITOETUHOBOI PE3UCTEHTHOC-
ti (ERI) Ha > 30 %. Lle y3romxyeTbes 3 nanumu Gembillo
etal. [7] (puc. 2, Tab. 2).

Cepenniiit URR cranosus 70,2 = 6,1 %, 110 CBiTuuUThH
PO CTa0iIbHY e(EeKTUBHICTD Mialli3y HaBiThb Y CTPECOBUX
ymoBax. [lopyiieHs y pexxumi IIpoBeneHHs miamxizy He 3a-
¢ikcoBaHo. KoaeH Mali€eHT He MPOIYCTUB OiNbIlle HiX
OJIMH CeaHC 3a BeCh Mepiosr XBOPOOU.

BuxuaHicts mamieHTiB i3 XXH 5D, iHpikoBaHMX
SARS-CoV-2, 3anuiianacss Ha BUCOKOMY piBHi MpOTSI-

Ta6nuuys 1. Jemorpacpivri Ta KniHi4HI
XapaKTepuUCTUKU NnaLlieHTiB

Moka3Huk 3HayeHHs
KinbkicTb nawjieHTiB, n 31
CepepHivi BiK (+ SD), poku 64,2+ 10,8
YHonosiku/ KiHKM 14/17
3aBepLueHa BakumHauis, 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
nayieHTis i3 XXH 5D (n = 31)

rom 60 mHiB croctepexenns. Kpupa Kaplan-Meier ne-
MOHCTPYE He3HAUHEe 3HUXEHHSI MMOBIpHOCTI BUXKMBAHHS
micist 15-ro ta 20-ro gHst (2 neranbHi BUnagku, 6,5 %).
BinbricTs mamieHTiB YCIILIHO 3aBEPILIWIIM JIiKyBaHHS 0e3
3arOCTPEHb, 1110 Y3TOMKYEThCS 3 pe3ybraTaMM KITiHiUHOT
CTabiIBbHOCTI, OTPUMAHNUMU Y AOCIIIKeHHI (puc. 3).

O6rosopeHHs

[lamieHT Ha mMOporpaMHOMY TIeMOJiali3i HajaexXaTb
0 TPyNU HAWBUIIOTO pU3WKYy mpu iH(ikyBaHHI SARS-
CoV-2. ImyHHa aucdyHKilisi, xapaktepHa mist XXH 5D,
a TAKOX YMCJICHHI CYNMyTHi CTaHUW TMiABUILYIOTh NMOBIp-
HicTh TsLKKOro nepediry COVID-19 [4, 5, 9]. Hu3bka e-
TaJIBHICTh Yy MOCIIIKYBaHiit KoropTi (6,5 %) cBimunTh Mpo
e(eKTUBHY OpraHizallilo MEIUYHOI JOIIOMOTHY, 30KpeMa y
KPM30BUX YMOBaXx BiliHU.

OpraxizauiiiHi BAKJIMKU OyJiM TTOB’SI3aHi:

1) 3 mepe6GosIMU B €JICKTPO- Ta BOJOIIOCTAYaHHi,

2) HeOOXiIHICTIO eBaKyallil Malli€eHTIB;

3) 3MiHaMK MaplIpyTiB TPAHCTIOPTYBAHHS;

4) 0OMeXEeHOI0 KiJIbKICTIO MepCoHaTy i/l yac MoBiTpsi-
HUX TPUBOT;

5) HecTavyer BUTpATHUX MaTepiaiB.

TIpore 3a0e3rneueHHsT MOOITBHOCTI MEPCOHAIY, THYY-
KiCTb JIOTICTUYHMX pIllIeHb i HASIBHICTb YiTKHUX KPU30BUX
aJITOPUTMIB TO3BOJUIM YHUKHYTU 3PHUBIB JIiKyBaJIbHOI'O
npouecy. Lle minTBepmKy1oTh i JaHi yKpaiHChbKUX aBTOPIB,
SIKi OMMCYIOTh AOCBiJ amamnTallii CUCTEMM HedpoJoriyHOL
JIOITOMOTM 10 YMOB BiitHM [12—14].

Bucokuii piBeHb BaKIIMHAlIlil TAKOX BiflirpaB MO3UTHUB-
HY pojb. Y TpyIli BaKIIMHOBaHUX YacTOTa TOCIiTami3allii
cranowia ymiie 10,5 %, Tomi sIK ceped HEBaKIMHOBA-
Hux — noHan 50 %. Lle y3romkyeTbcst 3 BUCHOBKAMU CHC-
TEMHOTO MeTaaHasizy Sumsuzzman et al. [6].

SHIKeHHST YyTJIUBOCTI IO €PUTPOIIOETUHY B YaCTUHU
MAl€EHTIB Y3TOMXKYEThCS 3 HaSBHUMMU JiTepaTypHUMM [1a-

2001

HeBakLMHOBaHI

BakLWHOBaHI

— Patients (n = 3)

0.6
0.4+

0.2

Number at risk
0.0 31 28 22 20 20 20 20
T T T T T T

T
0 10 20 30 40 40 50

Time, days

PucyHok 2. CepefHivi iHaekc epUTpornoeTuHoBoi
pe3ucTeHTHOCTI y nayieHTis i3 XXH 5D i COVID-19

PucyHok 3. Kpua 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] 1 CBiZUMTH MPO CUCTEMHUI 3allaiIbHUN BILUIUB
COVID-19. ITotpeba y MiABUILIEHHI 703U €PUTPOTIOETUHY
TaKOX CIOoCTepirajacsl y Talli€HTIB i3 TpUBaJIUM cyOde-
OpUITiTeTOM a00 CYITyTHBOIO aHEMI€I0 3aITaIeHHSI.

BucHOBKMU

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

2. YacToTa ycKiIamHeHb i JeTaJbHICTh OYI1 MOPiBHSIHO
HU3bKMMM 3aBASIKM OPTaHi30BaHOCTI Mpoliecy i amamnTaliii
MEIUYHMX MapIIpYTiB.

3. BakiiuHallist 3Ha4YHO 3HMXKYBaJIa PU3KK TSKKOTO T1e-
peoiry.

4. Crioctepirajaocst 3poCTaHHSI €pUTPOIIOCTUHOBOI pe-
3UCTEHTHOCTI, 1110 TTOTPeOyE MOAABIINX AOCiIKEHb.

5. 3anporoHoBaHy MOJIeJIb OpraHizallii MOXKHa 3aCTOCY-
BaTH SIK IIPUKJIA0 KPU3OCTIMKOI He(POIOTIiTHOI ITPAaKTUKH.

KonduikT inTepeciB. ABropu 3asBIsIIOTH PO BiACYT-
HiCTh KOHQJIIKTY iHTepeciB Ta BjlacHOI (hiHaHCOBOI 3alli-
KaBJICHOCTI IPU 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 detfermine 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.poneumoniae 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 vuinerable patient population.
Keywords: MDR; XDR; dialysis patients; chronic kidney disease

Introduction higher rate of mortality, mortality, length of hospital stay and

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

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 (bioM¢éri-
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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and a steady decline thereafter
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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

Figure 6. Microbial profile and antimicrobial resistance patterns.
Distribution of minimum inhibitory concentrations across different antibiotics and

(Fig. 5A). K.pneumoniae
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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. Akryasnbnicts. [TauieHTH, AKi NPOXOAATD Aialli3, MAIOTh
MiABUILEHWI PU3MK PO3BUTKY OaKTepiaJlbHUX iH(EKIiN, CTInKUX
0 MHOXMHHUX Jikapcbkux 3aco6iB (MDR) ta ekcrpemanbHO
CTIliKUX 10 Jlikapcbkux 3aco0iB (XDR), uepes ixHIO CXMIIBHICTD 10
iH(eKIIii Ta YaCTU i KOHTAKT i3 MEIMYHUMU 3aKaanaMu. MeTa: Bu-
3HAYUTH PiBEHb MOLIMPEHOCTI, (haKTOPU PU3UKY i aHTUMiKPOOHi
podisTi pe3NCTEeHTHOCTI LINX TTATOTEHIB JIJIST TIOJITIIIICHHST TOTJISITY
3a Mali€HTaMM Ta ONTUMI3allil 3aX0IiB 1100 KOHTPOJIIO iH(DEKIIilt.
Martepiamu Ta MeToau. Lle monepeyHe TOCTITKEHHS TPOBOAMIO-
cs y BinnisieHHi nianizy HaBuanbHoi JlikapHi AJib-XycceitH Micta
Ti-Kap/Hacipis (Ipak) y iepion 3 BepecHs 1o rpyneHb 2024 poky.
VY nmocnimkeHHi B3sgB yyacTh 121 mauieHT Ha miamisi. Byso 3i0pa-
HO nemorpadidHi naHi, iHGopMallilo Mpo CymyTHi 3aXBOPIOBAHHSI
Ta mapaMeTpu, TOB’s3aHi 3 mianizom. MikpoOiosoriyHuii aHati3
BKJIIOUAaB 00pOOKY 3pa3KiB cedi METOIOM OaKTepialbHOTO TOCIBY,
a st ineHTudikauii 6akTepiii i TeCTyBaHHS Ha YyTJIMBICTh 0 aH-
TUMIKpOOHUX MpenapariB BUKopucTtoByBaiacsi cuctema VITEK
2 Compact. Pesyabratu. Cepenniii BiK yJacCHWKIB CTaHOBUB
55,0 + 16,6 poky, 4osoBikiB OyJ10 Giibiie (52,9 %), HixX XiHOK.
HaiinommpeHiloo CymyTHbOIO MaTOJIOTi€l0 OyB LIYKpOBMIA [ia-
Ger, sikuii Bpaxas 70 % maliieHTiB a00 OKpeMo, a00 B KOMOiHALIiT 3

FilePTOHIYHOIO XBOPOOOIO Ta CEPLIEBO-CYIMHHUMHU 3aXBOPIOBaH-
Hsimu. Yacrorta mo3utuBHUX ToCiBiB craHoBwiIa 19,0 %, npudo-
My E.coli Gyna HailOiIbI omMpeHuM 30yaHuKoM (65,2 %), naini
v K.pneumoniae (21,7 %) ta E.cloacae (13,1 %). TectyBaHHs
Ha Pe3UCTEHTHICTD MoKaszao, 110 60 % izonsriB E.coli Ta Bci i30-
st K.pneumoniae 6ynu MDR, Toni sik 40 % E.coli Ta 33,3 %
E.cloacae 6ymu XDR. BaxuBo, 1110 icHyBaja HeraTUBHA KOPEJIsi-
LIis1 MiXK TpUBAJICTIO Aiani3y il yactorolo iHdekuii (r = —0,2285,
p =0,0117), 1o cBimuuTh TIPO Te, 1O iH(DEKIIii YacTile BUHMKA-
I0Th Y TEPIIWiA ik Aiani3Hol Teparii. BuUCHOBKU. PesynbraTu min-
KpecoloTh 3HauHy nomupeHicth MDR/XDR 6aktepianbHUX iH-
¢ek1iii cepes Malli€eHTIB, sIKi OTPUMYIOTb Aialli3, 0COOJMBO HA paH-
HiX eTanax JlikyBaHHsl. Lle 00yMOBII0€ HEOOXiHICTb MOJIMIIEHHS
3aXO/IiB IIOJO0 KOHTPOJIO iH(EKIIil, BIPOBAIKECHHS e(PEKTUBHUX
MporpaM palioHaJIbHOTO BMKOPUCTAHHSI aHTUOIOTUKIB Ta pery-
JISPHOTO €MiJeMiOJIOTiYHOro HamIsIny B Aiali3HUX LeHTpax. Bax-
JIMBO pO3pOOUTH crieliidHi 3aX0Iu, CIIPSIMOBaHI Ha 3MEHIIICHHSI
3aXBOPIOBAHOCTI I CMEPTHOCTI, TTOB’SI3aHMX 3 iH(PEKLIIMU, Cepel
LIi€1 Bpa3/IMBOI IPyIH MaLliEHTIB.

Kiouosi cioBa: MDR; XDR; mauieHTu Ha Iiamisi; 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 glomerulonephritis. The purpose of this study was fo assess the expression
of TLR4 in relation fo inflammation in diabetic patients with and without renal failure, to discuss the role of
these receptors in the development of diabetic nephropathy, and to 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 (6 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
(38.927), 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-xB 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 = 2-24¢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

Renal | 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].
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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-xB 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, 1L-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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38’930k ekcnpecii TLR4 Ta reHOMHOi HeCTAGIAbHOCTI
3 Mapkepamu PyHKLUiT HUPOK Npu Aia6eTnyHin Hedponarii

Pe3ome. Axryanbnicts. [liabeTnuna HedpomaTia € cepilos-
HUM TOOIYHUM edeKTOM IIyKpOBOTO AiabeTy l-ro Ta 2-ro Tumy.
Toll-noni6uuit peuentop 4 (TLR4), nepuwuii ineHTudikona-
HUIi Ta HAWOLTBII peTeIbHO BUBYeHUH uieH poauHu TLR, OyB
MOB’SI3aHUI 13 PO3BUTKOM Pi3HUX 3aXBOPIOBAaHb HUPOK, SIK-OT
rocTpe TMOIIKOIXKEHHSI HUPOK, illleMiuyHO-pernepdysiliHe ypa-
JKEHHST HUPOK Ta riioMepyoHedput. MeTa: oLliHUTH eKCIpecito
TLR4 y 3B’513Ky i3 3amajieHHsIM Y Malli€HTiB i3 AiabeToM i3 HUp-
KOBOIO HEIOCTATHICTIO Ta 6e3 Hel, 00TOBOPUTHU POJIb LIUX PELIeTI-
TOPiB y PO3BUTKY HiaOeTUUYHOI HedponaTii Ta BULIIUTH XPOMO-
COMHI, siepHi Ta 6i0XiMiuHi 3MiHU (CEYOBMHA Ta KpPeaTUHiH) Y
TMalli€HTIB i3 HUPKOBOIO HEIOCTATHICTIO Ta MiabeTom. Martepianan
Ta MeTOAM. Y BinmineHHi mianisy nmepedysayio 40 3mopoBux ocio
KOHTPOJIbHOT Tpynu, 40 naiuieHTiB i3 1yKpoBUM fiadbetom, 40 i3
Hedpormariero ta 40 i3 miabetnyHow Hedponartiew. Lle mocii-
JDKEHHST TpoBoAuIIocs 3 KoBTHs 2024 poky o ciueHb 2025 poky.
3pa3ku KpoBi (5 M) Oyau 3i0paHi B Malli€HTIB Ta 3M0POBUX OCIO

i posromineHi Mo mpobipKax misi BU3HAYEHHs €KCIIpecii TeHiB,
XpPOMOCOMHUX abepalliii Ta 4acTOTU MiKposiiep, pelira — st
omiHku GyHKIiT HUpoK. Pe3yabTaTu. B yyacHukis i3 Hedpo-
rnarieto Ta giabetTnuyHOIO HedpomaTieto ekcripecis reHa TLR4 y
KpOBi 3HAYHO BHIIA, HiXX y 3I0pOBHUX 0cCi0. Y mailieHTiB i3 mia-
6eToM, HedporaTtiero abo niabeTUMYHOI0 HedpoIaTiero Oy1o BU-
SIBJIEHO OiJibllIe MiKpOsIIep Ta XpOMOCOMHUX abepalliii. 3HauHO
MMIBUILIEHWI pPiBeHb CEUOBUHU i KpeaTUHIHY B CUPOBATII KPOBi
TaKOX CITOCTEPiraBcsl y XBOPHUX i3 He(ppoIaTi€lo Ta 1iabeTUIYHOIO
Hedpormnarieto. BucnoBku. Excripecisi TLR4 3pocrae, npuyomy
BiJICOTOK y 3MOPOBUX JItofeit HaviMeHnit (3,927), Bummic — y
matieHTiB i3 giabetom (18,31) Ta Hedpomnariero (17,352), a ipu
niabeTnyHiil Hedponatii — HalBuwmit (27,158). XpoMmocoMHi
aHoMaJtii MoB’s13aHi 3 1iabeTMUHOO Hedpornarielo Ta MopylieH-
HM GYHKIIT HUPOK.

KiiouoBi ciioBa: piaGermuna wedpomaria; 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 ar-
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 Septfember to December 2024, involving 100 participants: 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 to pre-menopausal participants. Furthermore, in post-menopausal women, a
significant correlatfion 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=0.001).

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 % | 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- |

[ Bacterial Growth Type
= Diverse growth i
=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‘°;‘|§|’)°“e FSH (mIU/ml) Tes(‘::/ﬁ:)""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
that is loss through the post-meno-
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,
and bone density, and a gradual de-
cline in testosterone level began at
peri-menopause as ovarian function
being irregular, until its showed at
lowest level after menopause, ova-

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

80

60

40

20

o

Pre-menopause Peri-menopause

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)

in urine samples, n (%)

Table 3. Frequency distribution of specific bacterial isolations in pre-menopausal and post-menopausal women

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 (%)

Groups Lrination | Buming | ttening | RS | i hrges | 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 IPUPOIHUIL MTpoliec
3HUXKEHHST (DYHKIIT S€YHUKIB, 1110 MPU3BOAUTH 10 3MEHIIECHHS
piBHSI ecTporeHy it mporectepoHy. BoHa Mae Tpu crazii: nepu-
MeHoIay3a, MeHOoIay3a Ta IocTMeHoray3a. EctporeH Bimirpae
KJIIOYOBY POJIb Y MiATPUMAaHHI LJTiCHOCTI i1 MiKpoOHOTO OajaHCy
BariHajabHOTO cepemopuiina. MizionoriyHi Ta MiKpoOiIOMHI 3MiHU
BIIPOJOBX CTallili MEeHOTay3W BIUIMBAIOTh Ha TSIXKKICTb T€HITO-
ypuHapHOTO MeHomnay3aiabHoro curapomy (IMC), gkuit BKITIO-
ya€ KOMILJIEKC CUMIITOMIB, 110 YpaXaloTh BariHy, CEUOBUI MiXyp
Ta yperpy. MeTa: I0CHiINTH KOPESIiio MK KOJTUBAHHSIMM PiB-
HiB cTaTeBMX FTOPMOHIB i 3MiHAMU Y BariHaJIbHOMY MiKpoOioMi, a
TaKoX IXHiii BruiMB Ha Tspkkicth [MC. Marepiaau Ta MeToam.
JlocnimKeHHsT TPUBAJIO 3 BepecHsI 1o rpyaeHb 2024 poky. Y HboMy
B3s11M ydacThb 100 oci6: 75 xiHoOK ctapuie 45 pokiB, sIKi He Mau
MEHCTpYaIlliil TPOTATOM Pi3HUX MPOMIXKIB Yacy, Ta 25 KiHOK Bi-
KoM 10 40 poKiB i3 peryJIsipHUM MEHCTpyaabHUM LMKIOM. Kiti-
HiuHe 00CTexXKeHHs MPOBOAUIU Iepel OTpUMMaHHSIM 3pa3ka. Jlist
BUMIpIOBaHHSI KOHIIEHTpAIlil TOPMOHIB BUKOPHUCTOBYBIU iMy-
HodepmenTHuii anaizatop BIOT-YG-I FIA, mns ineHtrdikaii
MikpoOHUX i30sTiB — cepemosuina CHROMagar. PesyabraTu.
BusiBiieHO 3HaYHY Pi3HMINIO B PiBHi eCcTpaaiony-2: y KiHOK y Tpe-
MeHomay3i BiH ctaHoBuB 179,17 + 14,21, y nepumeHomnay3i —
64,72 + 8,53, y meHonay3i — 28,75 + 3,49, y noctmMeHomay3i —
24,50 %+ 2,46. YmicT nporectepoHy gopiBHioBaB 0,65 &+ 0,06 y rpymi
npemMeHormnaysu, 0,370 £ 0,018 — nmepumenomaysu, 0,34 + 0,017 —

MeHoray3u Ta 0,304 + 0,017 — moctmenonay3u. CepelHiii piBeHb
(hosiKynOCTUMYJITIOIOUOTO TOPMOHY OYyB HMXXYMM B YYaCHMIIb y
npemMeHornay3i — 5,22 + 0,90 mpotu 79,00 + 7,49 y nepumeHomna-
y3i, 89,72 + 8,70 y meHonay3i Ta 94,17 £ 9,77 y XiHOK y mocT™me-
Horay3i. CepeHill piBeHb TECTOCTEPOHY OyB BUILIMM Y TPYIIi Ipe-
MeHomay3u Ta craHoBuB 0,63 £ 0,06 nopiBHsiHO 3 0,480 + 0,089
B ydyacHHUIIb y nepuMmeHomnay3i, 0,480 + 0,078 — y meHomay3i,
0,610 £ 0,091 — y moctmeHomnay3i. Yactka L.acidophilus, Bunine-
HOT 3i 3pa3Ka BariHaJIbHOro Ma3ska, nopiBHioBaia 12,0 % B rpymi
nepumeHonaysu, 16,0 % — meHomaysu, 24,0 % — mOCTMEHO-
naysu i 52,0 % — npemenonaysu. Kpim Ttoro, Haityacririe i30-
JIbOBaHUM OakKTepiallbHUM maTtoreHoM OyB E.faecalis: OKa3HUK
craHoBuB 64,0 % mJ1st y9acHUILb Y TiepuMeHonay3i, 56,0 % — y me-
Homay3i ta 60,0 % — nocTtMmeHomnaysi mopisHsiHo 3 12,0 % B rpyi
MpeMeHoray3u. Y rpyrnax MeHomay3| i MoCcTMeHOIay3u CIoCTe-
piraBcsl 3HaYHUIA 3B’SI30K MiX YpOI€HITalbHUMM CHUMIITOMaMU
Ta pocrom Oakrepiii (P > 0,05). BucHoBku. PiBHi ecTpamiony-2
Ta MPOTreCTePOHY IMOCTYIOBO 3HMXKYIOTHCSI Bill MEepUMEHOMAy3u
0 MOCTMeHoMay3u. bakTepialbHa pPi3HOMAaHITHICTh TepeBaxkae
B XKiHOK y mocTMeHomnay3i. Takox y mocTMeHoImay3aibHiil rpymi
BUSIBJIEHO 3HAYHY KOpEJISILilo MiX KOJIOHi3ali€eo OakTepisiMu it
YPOTEHITATbHUMM CUMIITOMAMHM, IIO ITATBEPIKYE 3B’SI30K MixXK
3MiHEHUM BariHaJIbHUM MiKpobioMoM i TskkicTio TMC.

Ki1104o0Bi €JI0BA: cTaTeBi ropMOHM; MeHOMIAY3a; FeHITOypUHAD-
HUIT MeHoMay3anbHU cuHapoM; Lactobacillus; E.faecalis
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"BYKOBUMHCBKINM ASPXKQABHU MEANYHWV YHIBEPCUTET, M. YepHiBLi, YkpaiHa
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PoAb BiTaMiHy D y MiHEepQAbHUX
TA KICTKOBUX PO3ACACX Y AiTeun
NPU XPOHiIYHIN XBOPOOI HUPOK
(OrAgA 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 METAOOAIZMY BITAMIHY
D i ioro poai 'y po3sutKy MIHEPAAbHWX TQ KICTKOBUX PO3AQAIB Y AITEV i3 HOSIBHOK XPOHIYHOK XBOPOBOK HU-
POK, OLIHKI MOTEHLIMIHUX HYTPUTUBHMX NOTPE6 TA QQAKTOPIB PU3MKY PO3BUTKY YCKAQAHEHb MIHEPAALHOIO TQ
KICTKOBOro OOMIHIB HQ TAI HEPPOAOTYHOI MATOAOTI. Y CTQATTI MPUAIASIETLCST YBArQ MATAHHSIM 3QCTOCYBAHHS
BiTAMIHY D ripu HUpPKOBO3AMICHIV Teparii y MALIEHTIB AUTSIHOrO BiKY.

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

KICTKOBI PO3AQAM, 3QMICHQ HUPDKOBQA TEPArisl; OrAsIA

Hedinur (HemocTaTHICTh) BiTamiHy D € rmoGanbHOIO
po0JIeMOI0 OXOPOHM 3I0POB’SI Ta SIBJISIE COOO0I0 MaHIAEMilo,
1110, 3a IMiaApaxyHKaMu, OXOILTIOE IOHAI MiTbSIpI AiTel i 10~
pOCIMX Yy CBiTOBil momyJsuii. Hacminku BrumBy aediuuty
BiTaMiHy D Ha cTaH 310poB’sl y CBiTOBiil momyJsiiii He-
MOXJIMBO HEHOOLIIHUTHU: BCTAHOBJICHO 3B’SI3KU NediluTy
(HemocTaTHOCTI) BiTaMiHy D 3 po3BUTKOM Garatbox 3axBo-
pIOBaHb Pi3HMX OPTaHIB i CUCTEM Yy IiTel Pi3HUX BiKOBUX
mepioniB, 30KpemMa Iie paxiT, IUTIINN Kapiec, ITapOgOHTHT,
aBTOIMYHHI posnamu, iH(MeKIIiiiHa ITaToJIoTis, ITHEBMOHII,
acTMa, CepleBO-CYIAMHHI 3aXBOPIOBAHHS, OXWUPIHHS, 1Iy-
KpOBUI [ia0eT, ayTu3M, OUTSIYMN LepedpaibHu mapajid
Ta iHIIII HEBPOJIOTiuHi po3jaau, He(poaoTiyHa IaToJIOTisd
Tomo [1—12].

Bitamin D — Xupopo3unHHMI BiTaMiH ((paKTUYHO 1ie
CTePOITHUI XUPOPOZUMHHUI TOPMOH, 11O Ji€ HA KITITUH-
Hi pelienTopu), He € OKPEMOIO CITOJIYKOIO Ta HAJIEXKUTh J10
rpynu 3 noHan 50 merabosirtiB, icHye B 6 ¢hopmax, OCHO-
BHOIO 3 9KUX € BiTaMiH D, (epeokarsuyugepon) — yrsopro-
€ThCS T JIi€I0 PO3CISTHOTO COHSIYHOTO CBITJIA, MEPEeBaAXHO

B pocimHax. Jlo opraniszmy mognHM Bitamin D moTtparuiae
LIJISIXOM BCMOKTYBAHHS 3 XapyOBUX TMPOAYKTIB y JBaHA/I -
LISITUIIAJIIN Ta TOHKIM KUIIIi ITUTYHKOBO-KHMIIIKOBOTO TpaK-
Ty; BiTaMiH D, (xosexanvyughepon) yTBOPIOETbCSA B LIKIpi
JIIOAVHU MiJ BILTUBOM COHSIYHOIO YJIbTPadioaeTOBOro BU-
npoMiHioBaHHs [1, 7, 12—15].

Bitamin D2 € OioJIoriyHO iHepTHUM, i U1 aKTUBALLil B
akTuBHy (opmy D-ropmony (1,25(OH),D) B opranismi
Ma€ TMpOWTH 2 eTamnu TiApOKCUIIIOBAHHS: TIepUInii eTarn —
y mieviHii, ae BitaMiH D nepetBoproeTbest Ha 25(OH)D —
Kaavyudion, OPYTUA eTall — TiIPOKCWIIOBAHHS, IO Bil-
OyBa€TbCS IIepeBaXXHO B HUpPKax (3a ydyacTio (epMEeHTYy
lo-rinpokcunaszu CYP27B), i iioro pe3yasraTtoMm € CUHTE3
GiosoriuHo akrusHoro D-ropmony (1,25(0OH),D — kane-
yumpiony). Bitamin D, IpoXoauTh CBOI €TaIy MePETBOPEH-
HS y TIEUiHIIi i HUpKax Ta IeMOHYEThCA B LIKIipi, MiALIKip-
HO-XXUPOBIi KIIITKOBUHI, M’s13ax i meuinui [1, 7, 12—15].

Bitamin D perynioe BeqMKy KiJIbKiCTb T€HiB, B OCHO-
BHOMY TOB’sI3aHMX 3 METa0O0J1i3MOM KaJibliito Ta hocdaTis,
a TAKOX iHIIKX TeHiB, 1110 PEryJII0I0Th METab0Ii3M 3a1i3a;
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KpiM TOro, 6epe y4yacTh y 3arajibHiii peryJssiii mpoJigepa-
1ii Ta nudepeHLitoBaHHs KJIiTuH [12, 15—17].

OcHOBHMI HUISIX MeTabousidmy BitamiHy D — Hup-
KU, 0 € EIUHUM JIKEPEJIOM IIMPKYITIOI0YOT0 aKTUBHOTO
D-ropmony (1,25(0H),D — kaavyumpiony), Tofi K eKc-
TpapeHanbHa akTuBHICTE CYP27B1 3a6e3neuye nuie na-
pakprHHI 200 aBTOKpUHHI (GyHK1Lil [18, 19].

Ha puc. 1 rpagiuHo y3arajbHeHO OCHOBHI €Tary MeTa-
0o:i3my Bitaminy D B opranismi mogunu [1, 7, 12—15].

XpoHiuHa xBopoba HupokK (XXH) — ypaxeHHsT HU-
POK, IO XapaKTEePU3YETbCS TMOPYIIEHHSIM iX CTPYKTypHU
a6o ¢ynkuii. XXH — marosnoriunuii npoiiec, 1110 Cymnpo-
BOJIDKYETBCS TIMOYYTJIMBICTIO 10 BiTaMiHy D i3 mopyiieH-
HSIM peryJsiiii MeTabosi3My (eKCTpapeHaIbHOI aKTUBALIil
CYP27B1 — excrpapeHanbHoi npoaykuii 1,25(0H),D)
[12, 18—20].

VY nauienTiB i3 XXH, 3a naHumu sitepatypu, criocre-
piraeTbcsl 3HaYHa MOLIMPEHICTh nediunTy (HemocTaTHOC-
Ti) BitaMiHy D, cepes OCHOBHMX MPUYMH SIKOI Haifyacriiie

BUPI3HSIIOTh HACTYITHI: HYTPUTUBHUI AediluT Bitaminy D;
3HUKEHHS €HJIOTEHHOTO CUHTE3Y BiTamiHy D, (3MeHIIEH-
Hs1 iepeOyBaHHs naiieHTa 3 XXH mif BIUIMBOM COHSIYHO-
ro ynsTpadioIeTOBOro BUMPOMiHIOBaHHS ab0 iepMorarii);
30iablIeHHsT (hakTopa pocty ¢iopodnactiB (FGF23) —
orocepenkoBaHui KartabosisM BiTamiHy D; 30iablieHHS
BTpar BitamiHy D HUpKamu (He)pOTUUHUI CUHAPOM) Ta/
a0b0 3acCTOCyBaHHS 3aMiCHOI HMPKOBOI Teparrii (miaii3 abo
nepUuTOHeanbHul gianiz) [21-27].

3a pesyiabTaTaMu aHajizy JTepaTypHUX JKepesl 0a3
nanux PubMed, Embase, Scopus ta Web of Science, Co-
chrane Central, BusHaueHHs1 25(OH)D € Halikpaium map-
KepoM B OLIiHIII piBHSI BlIacHOTO BiTamiHy D y malieHTa 3
XXH, a liquid chromatography/tandem mass spectrometry) —
pinuHHaA XpoMarorpadisi/TaHIeMHa Mac-CIeKTPOMETPisl €
PEKOMEHI0BaHUM METOIOM BUOODPY Y BU3HAYEHHI MeTabo-
qitiB Bitaminy D npu XXH, ocob6i1uBo Ha mi3HiX cTamisix
3axBopioBaHHs [28—33]. BogHouac ciim 3a3Ha4YuTH, 110 Y
niteit (0—17 pokiB) 10 3aBepilieHHsI ()OPMYBaHHS OIIOPHO-

BitamiH D HaaXoAuUTb B OpraHism Yyepes ynbTpadionerose onpomiHeHHs LWKipu abo s iKelo.
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Xapuosi pxepena
BiTamity D, 7a D,

Bitamin D

Mera6onism sitamiHy D: aAns akTUBaLi B aKTUBHWIA rOPMOH HeobXiaHi Asa eTanu
rigpokcuniosarHsa: cnovatky CYP2R1 8 nevinui Ao 25-rigpokcusitamity D [25(0H)D), a notim
CYP27B1 B HUpKax abo iHWuX A0 1,25-auri, itaminy D [1,25(0OH)2D].

Ha i rigpoKc U eHepreTM4HUit meTabonism, a ioro
edeKTUBHICTb SHUKYETbCA NpU npiaberiTa

Hupkosuit CYP27B1 3HaxoAnTbCA Nif CyBOPUM FOPMOHANbHUM KOHTPO/IEM 3 BOKy ropMOHiB,
WO perynioTb MiHep i 0BMiH iaHuit ropmoH, MTT i pakTop pocty
$ibpobnactie 23, FGF23), 3 HeraTUBHUM 3BOPOTHUM 3B'A3KOM Big camoro 1,25(0H)2D.
MNosanupKoBa akTMBHICTb CYP27B1 MOXe 3aneXuTh Big cybcTpaTy | CTUMY/IOETBCA B yMOBaX
3ananeHHs.
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PucyHok 1. Etanu meta6oniamy BitamiHy D B opraHiami nroauHu (agantosaHo) [1, 7, 12-15]
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PYXOBOTO amnaparty, Ha Hauly AyMKY, IOLJIbHO BU3HAYaTH
kanvyumpion (1,25(0OH),D,) — akTuBHy (opmy BiTamiHy
D., ockinbku 3a sHixenHs pLLIK® menmie 60 BindysaeTh-
Cs1 3HVDKEHHSI aKTUBallii HUpKaMU TTPOAYKIIii BitamiHy D:
piBeHb 3arajibHOrO BitaMiHy D MoXe OyTH BeJIMKUM, MpPO-
Te ioro meraboity — Kanbuurpiony (1,25(0OH),D,) — ne

BUcTayae. TakoxX JTOpeYHO MPOBOAUTH y MALEHTIB IUTSI-
YOro BiKy i MOHITOPMHT piBHSI TTapaTrOPMOHY (ITapaTtupe-
oinHuii ropmoH, [1TT) [34—43].

3a maHUMM OTHOTO 3 OCcTaHHIX MeTaaHami3iB (Christo-
doulou M., Aspray T.J., Schoenmakers I., 2021), 1110 BKJ110-
YyaB CHCTEMHUI omrsan 22 paHOOMi30BaHMX KIIIHIYHHUX
MOCIiIKeHb (IMAlli€HTH 3 OOMiali3HUM
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BCMOKTYBAHHA .

eranioM XXH (> 18 pokiB), a TaKOX po3-
[JSIIAIACS  Pe3yabTaTh JNOCHIIKEeHb Ha
oynb-skit cramii XXH; Bci mociimkeH-
Hs Oyaud IUIale00-KOHTPOJIbOBAHUMMU,
MOPiBHIOBAJIM JBa Ta Oilblle METOOU JIi-
KyBaHHSI), Y SIKUX 3aCTOCOBYBAJIM pi3Hi
dopmu BiTaminy D abo itoro aHajoris 3
pe3yJabTaTaMM, IOB’SI3aHUMU i3 XpOHiv-
HOI0 XBOpPOOOIO HUPOK — MiHEpaabHU-
MU Ta KiCTKOBUMM po3jamaMu (chronic
kidney disease — mineral and bone disorder
(CKD-MBD)) (puc. 2), a TakoX MeTaaHa-
niziB I1TT, 3a3HaueHo, 1110 eheKT caruie-
MeHTallii BiTaMiHy D y pallioH naiieHTiB
3 XXH OyB HeomHo3HauHuUM. Tak, ca-
rieMeHTalis kasoyugediony (25(OH)D,)
Ta MOro aHajJoriB TOCIIIOBHO TIpH-
rHivyBaia IITI, ane migBuIneHHS piB-
Hs FGF23 npu 3acrocyBaHHi aHasoriB
KaJIbLIUTPIONy MOTpedye 0OepeKHOCTi.
HacranoBu nmnst cragin XXH G1-G3a
BiIMOBINAIOTh 3araJIbHUM MHOITYJISILIITHIM
peKoMeHallisiM. 3aCTOCYBaHHSI KaJlbIIU-
tpioay (1,25(0OH),D) a6o itoro anasnoris
ooMmexeHe ctafgiamu G3b—GS i 3a1eXUTh
BiI KJIiHIiYHUX OCOOJIMBOCTEH IMalli€HTa 3
XXH [44].

Ha xanb, ctig BU3HATH, 1110 3a JaHW-
MM HayKOMETPUYHOTO TMONIYKY pe3yjbTa-
TiB JOCJIiIXKEeHb 11010 Ae(illUTy BiTaMiHy
D sik BaXJMBOTO (hakTOpa PO3BUTKY Ti-
nepnapatupeosy, ¢GakTopa, 110 acollilo-
€TbCS i3 PO3BUTKOM CEPLEBO-CYJAUHHUX
po31amiB Ta ITaToOJIOTil KiCTKOBOI CHCTe-
MU y OUTSYilA HePPOJIOTIUHII IpaKTHIIi,
nmoBoui Majo. Y gocmimkeHHi R. Shroff
et al. (2012) (paHmoMmi3oBaHe ITOABiiiHE
clline T1a1e00-KOHTPOJbOBAHE TOCIIi-
JKeHHs y aiteit 3 XXH 2—4-1 cranii, ski
Manu aedinuT 25-rigpokcuBiTaminy D
(25(OH)D)), Bitamin D (eprokanbuude-
po:x) abo BinmoBinHe Tianedo MaiieHTH
muTstaoro Biky 3 XXH 2—4-1 cramii otpu-
MYBaJIM IIOAHS Y TO3YBaHHSIX BiITIOBiTHO
0 HACTaHOB 3 JIIKyBaHHS HUPKOBUX 3a-
XBopioBaHb. [IepBMHHOIO KiHIIEBOIO TOY-
KOIO IOCIiIKeHHs OyB 4Yac OO0 PO3BUTKY
rinepnapatupeo3y [34]. I3 oGcTexXeHUX
72 nmiteir, mo Mamu XXH 2—4-1 cranmii,

MiKepanizayin KiCToK

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

47 niteit manu nediuut 25(OH)D i 6yau
paHIOMi30BaHi [JIsI OTPUMAHHSI €pro-
KajbLudeposry ado miaueoo (o 20 miteit
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y KOXHIill TpyIi); MeliaHa CIiocTepexkeHHs cTaHoBMIa 12
MicsuiB. Y 9 3 20 miteit, siki oTpuMyBaiu mniaiebo, iy 3 i3
20 miTeit, IKi OTpUMYBaJIU eproKaibl(epos, PO3BUHYBCS
rinepmapaTupeo3 (OR 4,64; 95% CI 1,02—21,00). Yac mo
PO3BUTKY Tineprapatupeo3y OyB 3HAUHO TOBIIUM TPH Jii-
KyBaHHi eprokaiblindeposioM NopiBHsHO 3 1uiaiiedbo (OR
0,30; 95% CI 0,09—0,93, P = 0,05). I1pu nikyBaHHi epro-
KanpiudepoaoM HopManbHi piBHI 25(OH)D Oynm mocsr-
HyTi y Bcix 8 miteit 3 XXH 2-i cranii; y 8 3 11 miteit i3 XXH
3-i cTanii, aje y XX0IHOro malieHTa AUTI4oro Biky 3 XXH
4-i crazii. He OyJ10 XXOQHUX TOB’SI3aHUX 3 eprokaiblude-
poJsioM HebaxaHuXx siBUL. st focsirHEHHs pehepeHTHUX
piBHIiB 1,25-nurinpokcuitaminy D OyB HeoOXimHMiT pi-
BeHb 25(OH)D > 100 HMonb/71. 3a MiACyMKaMu KJIiHIYHOTO
JOCITIIKeHHST OYB 3p00JIeHUIT BUCHOBOK, 1110 CarlJieMeHTa-
wist Bitaminy D (eprokanbiudepody) y aiteit 3 XXH 2—4-1
cTaii 3aTpUMy€e PO3BUTOK BTOPUHHOTO TilleprapaTupeosy.

Llum mocmimkeHHSIM OysIo po3modyaTo poOOTy 3a Ha-
MOPSIMKOM 1100 BIUIMBY HaTMBHOrO BitamiHy D (25-rim-
pokcuBitamin D, 25(OH)D) Ha po3BUTOK Komnaekcy
CKD-MBD (XXH — wminepanvri ma kicmkogi poznadu), iy
2017 potii poboua rpyna €BpoIeiicbkoro ToBaprucTBa JIu-
1s1yoi Hedpoutorii (ESPN) 3 CKD-MBD (puc. 2) Ta po6o-
Ya rpymna 3 iaiizy po3po0ouiii peKoMeHallii 010 OLiHKH,
JIIKyBaHHS i TTpodinakTuku aediuty Bitaminy D y aiteit
3 XXH [45].

Tyt xotinocs 6 3BepHYTH 0COOIMUBY yBary Ha BUKOPHC-
TaHHS aKTUBHUX (PopM BiTaMiHy D y mali€HTiB AUTSIIOTO
Biky Ha mi3Hix cramigsx XXH. Ha BimMiHy Bim xapyoBux
¢dopM BiTaMiny D KanbLuTpion, anbdakaabLiuao, TOKCep-
KaJbLKrdepost i MapuKaJlbLIMTOJ He MOTPEOYIOTh TiIpOKCH -
JIIOBaHHST B HUPKaX, OCKiJIbKM BOHM a00 BXe aKTUBHi, a00
MPOXOJSTh IIBUAKY aKTUBALIil0 B reviHi. Lls1 B1acTuBicTh
poOUTH 3a3HauYeHi akTUBHiI opMu BitaMiHy D edexTus-
HUMM HaBiTh y MAli€HTIB 3 Mmi3HiMu cramismu XXH, ski
MOXYTb MaTH HU3bKY aKTUBHICTh | Ol-TipOKCHIA3M.

TakuM 4ymMHOM, 3acTOCYyBaHHSI aKTUBHUX (hOpPM BiTa-
miny D € napixuum kameHeM y jaikyBanHi CKD-MBD, i
CcyJyacHi MiXHapomHi HacTaHOBU [45, 46] peKOMEHIYIOTh
BUKOPHMCTOBYBaTH aKTHBHI IpenapaTtu BiTaMiHy D mis Jti-
KYBaHHSI 6MopuHHoe0 einepnapamupeo3y — secondary hyper-
parathyroidism (SHPT) y naiieHTiB 3 TepMiHAJIbHOIO CTali-
eto XXH, siKki 3HaxomsThCs Ha 3aMiCHili HUPKOBIiiA Tepariii.
BonHouac Ti X caMi peKoMeHallii BKa3ylTh Ha Te, 110 iX
He CJIiJil pPyTUHHO BUKOPHCTOBYBATH y TIAIIIEHTIB HA paHHIX
cramisx XXH (miamizHuii mepiom), 3a BUHSITKOM BUIIAIKiB
TsKKoro Ta mnporpecyiodoro SHPT [45, 46]. Lle nutaHHs
IOBOJIi TPMBAJO OUCKYTYBajlOCs, i HM3Ka HOCIiTHUKIB-
KJIHIIMCTIB TIPUIYCKaIOTh, 110 HM3bKi 03U aKTUBHOIO
BiTamiHy D MOXyTh OyTU 3aCTOCOBaHi SIK JOMOBHEHHS 10
HYTpUTHUBHOTO BitTaMiHy D 3 oOMexeHHsIM (pocartiB y pa-
ioHi mauieHta npu jikyBaHHi SHPT, He yekatouu, moku
PO3BUHETHCS TsIKKa Ta Tiporpecytoua dopma [47]. Okpim
CKD-MBD, kanbuuTtpios Ta aabhakaaiblnI0] 3aCTOCOBY-
10Th IS JIIKYBaHHSI OCTEOITOPO3Y, OCTEOMAJISIIIIT Ta IeIKUX
GOopM TiIlToKaJIbILiEMIi, BKIIOYHO 3 HEOHATAJIbHOIO, IIiCIsI-
orepauiifHO Ta CIPUYMHEHOIO Tilornapatupeo3oM ado
ncesporinonaparupeo3oM. MakTUYHO 11i METOAM JTiKyBaH-
H$1 301/IBIIYIOTh BCMOKTYBAHHSI KaJbllil0 B KUILIEYHUKY, 110

TMiJBUIILYE PIBEHb KAJIbLIiI0 B CUPOBATII KPOBI, aje TaKOX
MOXe MPU3BECTU N0 TinepkasblieMii. PazoM 3 Kanbliem
IMIBUIIYETHCS i BCMOKTYBaHHSI (pocdariB, IO 30iIbIIYE
pusuk rinepdocdareMii, 0co6JIMBO y TALIIEHTIB 3 MOpY-
IEeHHSIMU (DYHKIIT HUPOK.

JlIs1 TTomoIaHHsT BUIIIe3a3HAYeHMX IMOOIYHUX e(eKTiB
Ha (apMaKoJOTiYHOMY PUHKY € MpernapaTt CreliajbHO
s aikyBaHHa CKD-MBD: dokcepransuugepon cxmnama-
erbes 3 1o(OH)D, sikuit moBUHEH OYTH TiApOKCUIJILOBA-
HUI Ta aKTMBOBaHMI y meuiHui. s hapmakonuHamMiuHa
XapaKTepucTrKa 3a0e31euye KOHTPOJIbOBAHE BUBIJTbHEHHS
Ta aKTUBALLilo BiTaMiHy D, 1110 TOTEHIIITHO MPU3BOIUTH 10
OinbII 36a1aHCOBAHOTO BIUIMBY HAa MiHEpaJbHUI OOMiH Ta
MEHIII BUPaXKEHOTO BIUIMBY Ha abCOpO11ito KaJbllito il hoc-
dariB y nauienTin i3 XXH [48]. OnHak nokcepkaibiude-
pOJI CIIif MPU3HAYaTH 3 00CPEXKHICTIO MALliEHTaM 3 MeYiH-
KOBOIO HelocTaTHIcTIO [49].

Ha 3aBepiiieHHs orjisiy, MPUCBSIYEHOT0 BUKOPUCTAH-
Hio Bitaminy D y aiteii 3 XXH, 3a3Hauumo, 1110 iCHY€ onuH
BakJIMBUI aCIeKT, SIKUIA MOTpedye 10JaTKOBOIO aKIIeHTY-
BaHHs. CriMpalounch Ha BJIACHUIA KJIiHIYHUI Ta HAYKOBUIA
JOCBIiJI, HAa JaHi JliTeparypHux jaxepen [12, 45], xoTinocs 6
3ayBaxkaTH, 110 iHOJI KJIIHIIMCTaMU iTHOpPYEThCs maTodi-
3iojoriyHMi (haKT ICTOTHOTO 3HMKEHHSI 3MaTHOCTI HUPOK
CUHTE3yBaTU aKTUBHUI MeTaborit Bitaminy D (D, a6o D,)
3 1i0ro HaTUBHOI (hOpMHU Yepe3 MOopyLIeHHs (QYHKIIil HU-
pok nipu XXH 3-i craaii ta Bume (XXH 3+). Lle o3Hauae,
1110 BUMIipIOBaHHSI KOHIIEHTpAaIlil HaTUBHOTO BiTaMiHy D
y ma3mi kpoBi npu XXH 3+ crae ManoiHGopMaTUBHUM,
OCKiJIbKM MOTO PiBEHb BXE HE € CYTTEBUM (PaKTOPOM, 1110
BIUIMBA€E HA CUHTE3 aKTUBHOTO MeTabosiTy. binbiie Toro,
31 3HMKEHHSIM HUPKOBOI (DYHKIIIT 11T 3aJ1€3KHICTD JIUIIIE IT0-
CUJTIOETHCS.

3 MaToreHeTUYHOI TOUKHW 30pYy OUIbII JOLIJILHUM € BU-
3HAYEHHs caMe aKTUBHOro Merabosiry Biraminy D (D, abo
D,, 3aj1€5KHO BifI TOrO, KM 3aCTOCOBYETLCS ISt JIIKYBAHHSA
KOHKpETHOI JItoAuHM) y nauieHTiB i3 XXH 3+. Tepamnis ta-
KO Ma€ IPYHTYBAaTUCSI HA BUKOPUCTaHHI aKTUBHUX MeTab0-
JIiTiB BitaMiHy D, a epeKTUBHICTb JIiIKyBaHHS CJTiJl OLIiHIOBa-
TH 3a IMHAMIKOIO PiBHIB KaJbllito, (hochopy, mapaTrOpMOHY,
a TaKOX 3a TTIOKa3HWKaMU IIUTbHOCTI KiCTKOBOI TKAHWHM.

Buznayenns HatuBHOro BiTaMiHy D y maHOMy KOHTeK-
CTi CTa€ BTOPMHHUM i HE Ma€ 3HAUHOTO BIJIMBY Ha KJIiHiu-
Hy KapTuHy. HaToMicTh olliHKa aKTMBHOTO METa0OIiTy Ta
Oro BIUIMBY Ha MeTa0OJIi3M KaJbllito i hochopy € OibIix
TOYHMM METOJIOM MOHITOPUHTY. J1JIsI OLliHKM €(PEeKTUBHOCTI
JIIKyBaHHS TaKOX PEKOMEHIOBAHO BUKOPHUCTOBYBATU YJib-
TPa3BYKOBY JICHCUTOMETPIIO SIK MEHII iHBa3UBHUIA METO/IL.

Takum yrHOM, MU BBaxaemo, 1o npu XXH 3+ kio-
YOBHUMU aCIIEKTaMU €:

1. OuiHka akTUBHOTO MeTaboIiTy BiTaminy D.

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

3. MoHITOpUHT e(PeKTUBHOCTI JIIKyBaHHS Yyepe3 KOHT-
pOJIb PiBHIB MapaTropMoOHY, KaJibliito, ¢hocdopy B KpoBi Ta
TMOKa3HUKIB IIUJIBHOCTI KiCTKOBOI TKAHUHU.

Taxuit maroreHeTUYHUM MiAXiA JO3BOIUTD MOTIMIIATA
pe3yabTaTH JIiIKyBaHHS Ta 3a0€3MeYNTh MalliEHTaM JUTSII0-
ro Biky 3 XXH 3+ agekBaTHe KOPUTYBaHHSI META0OJIIUHUX
nopyiieHs [50].
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BMCHOBKMU

Hediunut (HemocTaTHICTh) BiTaMiHy D € rio6aibHOO
MpoOJIEMOIO OXOPOHU 3M0POB’S y AUTSIYIl TOMYJISILLil, 30-
kpema cepen aiteir 3 XXH; nedimut Bitaminy D crnipusie
MOPYIIEHHIO ToMeocTa3y MiHepaiabHoro oominy Tta I1TT.
[MopyiienHst miHepaibHOTrO 00MiHY rpu XXH npusBonuTh
1o po3Butky crany CKD-MBD. ¥V mutauomy Bini CKD-
MBD cTBOpIO€ YMClIeHHI TepelIKoau Il HAaKOIMMYeHHS
KiCTKOBOI TKAaHMHU ¥ MPU3BOAUTH 10 MOPYIIEHDL (popmMy-
BaHHs Ta (PYHKIIOHYBaHHSI OIOPHO-PYXOBOrO arapary
TUATUHU.

— Jlns ouinku crtatycy BitamiHy D y miteit 3 XXH
2—5]1 cranii peKOMEHIYEThCSI BUMipIOBaTH KOHIIEHTPALlilo
25(0OH)D y cuposariii KpoBi.

— Jlnst ouinku crarycy Bitaminy D y miteit 3 XXH 3+
cranmii i 3amobiranHsa mporpecyiodiii ¢opmi SHPT pexo-
MEHJIYEThCSI BUMIPIOBATU KOHIIEHTPALlil0 aKTUBHOTO Me-
TaboJiTy BiTamiHy D 3 MOHITOpMHIOM e(heKTUBHOCTI JIi-
KyBaHHSI 4yepe3 KOHTPOJIb PiBHiB MapaTTOPMOHY, KaJbIIilo,
¢dochopy B KpOBi Ta TOKAa3HUKIB IIIJIBHOCTI KiCTKOBOI TKa-
HUHMU.

— IIponoHyeTbCs pexkrM BUMipIOBaHHS KOHILIEHTpAILlii
25(OH)D y cuposatii kposi y miteii 3 XXH 2—5]/1 cranii:
1) 6—12 pasiB Ha Micsib 3ajexHo Bia cranii XXH y miteit,
SIKi He OTPUMYIOTH JIiKyBaHHSI BiTaMiHOM Dj; sIKIIIO piBEeHb
HOpMaJIbHUI, BUMiploBaTu 6—12 pasiB Ha Micsiub (Ha
ocHoBI mormepenHboro piBHa 25(OH)D Tta cramii XXH);
2) y pasi HeoOXigHOCTi caruieMeHTalii Bitaminy D mepe-
BipTe fioro piBeHb yepe3 3 Micslli: SIKIIo piBeHb HOpMaJlb-
HUI — MPOIOBXYITe MpuiioM BitamiHy D, sIK 3a3HaueHO
BUIIIE, i BUMIipIOiiTe HOro piBeHb KOXHi 6 MiCSLiB; SIKIIO
piBeHb HU3bKUII — PO3IJISIHBTE MOXJIMBICTH MTOBTOPHOTO
KypcCy 3aMiCHOT HUPKOBOI Teparlii i TOBTOPiTh BUMipIOBaH-
HsT yepe3 3 Micslii.

—  PexkoMeHIyeTbcsl  TATPUMYBAaTH  KOHIIEHTpa-
uito 25(OH)D y cuposarui KpoBi Bullle 3a 75 HMOJIb/T
(> 30 vr/mn) y nauieHtiB autsyoro Biky 3 XXH 2—5]1
crafii.

— IlponoHyeTbcsl BUKOPMCTOBYBAaTM HATUBHI IIpe-
napaTu BiTaMiny D st jikyBaHHS aediuuty BitamiHy D
y aiteit 3 XXH 2—5]/1 cranii, siki MalOThb KOHIIEHTpAILil0
25(0OH)D y cupoBariii KpoBi HuK4e 32 75 HMOJIb/N. Y 1i-
teit 3 XXH 2—3-1 cranii mopsia 3 mpernapaTiMu HATUBHOTO
BiTamiHy D MOXXHa BUKOPUCTOBYBATH Teparlito aKTUBHUMM
Mmetaboitamu (D, a6o D,) mnsa nmpodinaktuku abo Jiky-
BaHHS BTOPUHHOTO TineprapaTupeosy.

— IIpomoHyeThCsI BUKOPUCTOBYBATU JIiIKyBaHHSI Bi-
tamiHoM D, (eprokanbuugepon) ado Biraminom D, (xo-
nekanbuudepon) y aireir 3 XXH 2—5]1 craaii st migBu-
weHHs piBHsg 25(OH)D y cupoBarili KpoBi 10 LiJIbOBOTO
niara3oHy.

— JInsg mpodiakTUKHY Ta JIIKyBaHHS AeilnTy BiTami-
Hy Dy mireit 3 XXH 2—5]/1 craaii peKOMeHIYEThCSI BUKO-
PUCTOBYBATH CXeMY JIiKyBaHHSI, 1110 BPaXOBYE BiK Ta KOH-
HeHTpamnilo BitaMmiHy D; Teparist Merago3amu Bitaminy D
HE PEKOMEHIYEThCSI.

— Ilpwu niKyBaHHI AiTeil peKOMEHIYETHCS MPUITUHUTHI
npuiiom Bitaminy D mpu koHueHTtpauii 25(OH)D y cu-
posartii kpoBi 120 HMonb/1 (48 Hr/min). CuMnTOMaTUYHA

TOKCUYHICTh BiTamiHy D BuzHavaeThcs sik piBeHb 25(OH)
D y cuposaTiii KpoBi Buiile 3a 250 HMOJIb/J 3 TilepKablli-
eMi€lo, rinepkanbliiypieto Ta npurHiyeHHs M [1TT

KonduaikT inTepeciB. ABTOpU 3asiBISIIOTH TIPO BiACYT-
HICTh KOH(JIIKTY iHTepeciB Ta BIacHOI (phiHAHCOBOI 3alli-
KaBJICHOCTI IIpM MiATOTOBIIi JaHOI CTATTi.

BHecok aBTopiB y podoTy Hax ctarrelo. bespyk B.B. —
KOHIIEMIIisl Ta Au3aiiH poOOTH, MOIIYK i1 00poOKa MaTepia-
JIiB, HanucaHHsA Tekcty; IBanoB .., LlIkpo6aneup I.J1. —
MOIIyK I oOpoOka MaTepianiB, HamWCaHHS TEKCTY;
OnenoBuu O.A. — HamucaHHsI TekcTy; Makaposa O.B.,
Kaymranceka O.B., Cemanb-Minbko 1.C. — anami3 iiTepa-
TYPHUX JIKEpelT.
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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 XBOpOoo6tu

Pestome. Cevokam’aHa xsopoba (CKX) — rnoLumpeHe MyAbTUPAKTOPIAALHE 3AXBOPIOBAHHST CEYOBMAIAb-
HOI cucTemMum 3 BUCOKOHK HACTOTOKO PEeLMAMBIB. Y CTQTTI LO3IASIHYTO CYHQACHI MAXOAM AO MPOOGIAQKTVKN T MEe-
ragirakTkimn CKX. MNepBuHHQA MpOo@IAQKTMKQ 6Q3YETLCST HQ KOPEKLT CIOCOBY XXUTTS: QAEKBATHIV riapaTaLji,
AIETNYHNX PEKOMEHAQLLISIX, 3HUKEHHI CMIOXKMBAHHST HQTPIKO, BIAKQ TQ OKCAAQTIB. MeTa®iAQKTMKa — Lie 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 TiAKpeCAETLCS NOTPebQ B MyALTUANCLMIAIHOPHOMY MAXOAI TQ TOMBAAOMY CYrpPOBOAI
MQLIEHTIB ANST BMEHLLEHHSI PUSUKY PELIMAMBIB TQ YCKAGAHEHS.

KAIO4OBI CAOBQ: cevokam sHa xBOPOOQ, YPOAITIA3; MPOGIAQKTUKA; METADIAQKTUKA, PELIMAMB, MMEepKAAb-
Liypisi; rinepOKCaAypis, YPQTHI KAMEHI; LMTPAT, AIETQ, MAPQATALS, KULLKOBA MIKPOBIOTA, reHEeTUKQ, LLTYYHUA

IHTeAEKT; NepCOHANIBOBAHA MEAMLIMHA

Ceuokam’siHa xBopoba (CKX), abo ypoJiTiasz, € oiHi€0
3 HalOIbII MOIIMPEHUX MATOJIOTiii CEYOBOI CUCTEMHU, sIKa
Ma€ CyTTEBE MeIMYHE, COllialbHe Ta eKOHOMIUHE 3HaUeH-
Hs. 3TiTHO 3 eIiIeMioJOTIYHMMY TaHUMU OCTaHHIX POKIB,
MOIIMPEHICTh yposiTiasy ctaHoBUTH Bix 10 1o 15 % cepen
JIOPOCJIOTO HAceJIeHHST B PO3BUHEHMX KpaiHaxX, a y AesIKUX
reorpadiunux perionax csirae 20 % [1]. Y 3B’a3Ky 3i 3Mi-
HOIO XapakTepy XapuyyBaHHsI, 30iJbLIEHHSIM TPUBAJIOCTI
KUTTS, TJO0ATbHUMM KJIIMAaTUYHUMM 3MiHAMU Ta 3pOC-
TaHHSM YacTOTHM METaOOJiUHOTO CHHAPOMY OUiKYEThCS
nofablie migsuieHHs: nommpeHocti CKX y Haitomkyai
JECSTUIITTS.

CKX xapakTepu3y€eThCsl YTBOPEHHSIM KaMEHIB Y cedo-
BUBIIHUX LUISIXaX, IO CYIPOBOIKYETHCS PEIIUANBYIOUMM
nepebdirom, 0oyieM, 0OCTPYKIIi€I0, PU3UKOM iH(EKIIil ce-
YOBMX IIUISIXiB, PO3BUTKOM TipoHedpo3y Ta, Y HU3LI BU-
MajKiB, pO3BUTKOM XPOHIYHOI XBOpOOM HMPOK. 3a JaHu-
MM CYYaCHHUX JKepes, YIPOIOBX 5 POKiB MiC/sl TIEpIIOro
enizony CKX 'y 30—50 % nauieHTiB BUHUKAE peluans [2].
Came 18l CXUJIBbHICTb JI0 TIOBTOPHOTO HedpoJTiTiazy 3yMOB-
JIIOE TIOTPedyY B IOBFTOCTPOKOBOMY MOHITOPUHTY Ta BIIPO-
BaKeHHI CMCTEMHUX ITIIXOMIB IO MEPBUHHOI MPOodilak-
TUKHY Ta MeTaiTaKTUKY 3aXBOPIOBAHHSI.

AKTyaJIbHICTh TIPOOJIEMU TAaKOX TIOJISITAE B TOMY, IO
CKX pinko oOMexXyeTbcs Jullie JOKaJTbHUMU 3MiHAMU B
CEYOBilf cucTeMi — BOHA TiCHO TOB’s13aHA 3 HU3KOIO CHC-
TEMHMX 3aXBOPIOBaHb OOMiHY PEYOBMH, TAaKUX SK T0Jarpa,
OXUpPiHHS, LYKPOBUM niabeT 2-To TUIy, MeTaOOJidyHuIA
CUHIPOM, apTepiajbHa TinmepTeH3id. HasgBHiCTH yposii-
Tia3y, 0COOJIMBO Yy MOEMAHAHHI 3 LIUMU MAaTOJIOTisSIMU, 3HA-
YHO MMiJABUIIYE PU3UK PO3BUTKY HUPKOBOI HEIOCTATHOCTI
[3]. Takum unHOM, edekTuBHA TpodinakTuka CKX moxe
3MEHIIUTH 3arajibHe HaBaHTaXKEHHSI Ha CUCTEMY OXOPOHU
3I0POB’sl Ta 3MEHIIIUTH EKOHOMIYHUIA TsTap.

[Mpodinakrrka ceyokam’ssHOT XBOPOOU BKJIIOUAE 3Mi-
HY CHoco0y KMTTS, 30KpeMa HOpMalli3allilo XapayBaH-
H$I, 30UTbIIIEHHS CITOKMBAHHS PiIMHM, OOMEXEHHS CIIO-
KMBaHHS COJIi, OLJKIB Ta IIaBJI€BOI KUCIOTHU, KOPEKIIilo
CYIyTHIX MeTaboJiYHUX IopylleHb. MeTadilakThuka X
nependavyae iHAMBIAyaJli30BaHi 3aX0/IM, sIKi 6a3yl0TbCsS Ha
pe3yabTaTax MeTaboJIiYHOTO 0OCTEKEeHHSI, CKIali CEYOBUX
KaMeHiB Ta 24-ronMHHOMY aHai3i ceui. B ymoBax nokaszo-
BOi MEIMUMHY i MiIXOAW OTPUMAM 3HAYHY MiATPUMKY
B PEKOMEH/IAIIisIX TIPOBIIHUX MiXXHApPOIHUX OpraHisailiit,
SIK-0T €BpomnelichbKa acouiamnis ypoaoriB (EAU) Ta Amepu-
KaHCbhKa yposoriuyHa acouiamis (AUA) [4, 5].
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OpHak, TOMpU HasBHICTb JEeTaJbHUX pPEKOMeHa-
i, MpakTUKa MoKa3ye, 110 3HAYHA YacTUHA MAalliEHTIB
HE OTPUMYE HaJIeXKHOI MPOdIiTaKTUYHOI JOTTOMOTH TiCIs
emizony HedpodiTtiazy. Y 0aratbox BUITaIKax JiKyBaHHS
00MEXYETBCS JINIIIE XipypTriYHUM BTPYUYaHHSIM O€3 1o1asib-
1I0TO 3’SICYBaHHSI TIPUYMH HedpostiTiazy Ta Mpu3HaAuYeHHs
BimmoBigHOI MeTadinakTuku. lle mpu3BOOUTHL 10 BUCOKOI
YaCTOTU PELMAMBIB i YCKJIaMHEHb. 3 OIJISIIY Ha 11e OJHUM i3
KJIIOUOBHX 3aBIaHb CY4acCHOI YPOJIOTii € IMiIBUILEHHS PiB-
Hs1 00i3HAHOCTI JIiKapiB Ta MALiEHTIB 1100 MOXJIMBOCTEM
i DOLIIBbHOCTI MeTadiJaKTUYHOIO IiAXOAY MO JiKyBaHHS
ypoJtitiasy.

Kpim Toro, y dokyci cyyacHux HOCHiIXeHb Tepe-
OyBalOTh HOBi MeETOAM TPODiIAKTUKU, IO BKIIOYAIOTH
(dapMaKoJIOTiUHy KOPEKIIil0 MiKpOeJIeMEeHTHOTO O0OMi-
HY, MoaudiKallilo KHMIIKOBOI MiKpoOiOTH, BUKOPUCTAH-
Hs iHTIOITOPIB KpHCTami3allil, JOCTIMKEeHHsI TeHSTUIHUX
npenukropiB CKX, a TakoxX 3acTOCyBaHHSI aJIrOpPUTMIB
IITYYHOTO iHTEJEeKTY JJIsl MEePCOHAIi30BaHOIO MIPOrHO3Y-
BaHHS peluauBiB [6, 7]. TakuM 4MHOM, OIJISII Cy4acHOT
JliTepaTypu o0 npodigaktuku ta Mmetadinakruku CKX
€ He JIMIIIe HAyKOBO OOIPYHTOBAHUM, a il TPaKTUYHO 3Ha-
YyLIMM KPOKOM J0 ONTUMIi3allil MeAUYHOI JOIOMOIM Ia-
LiEHTaM 3 ypOJIiTia30oM.

MeTo10 11i€l pOOOTH € cUCTeMaTH3Aallis CyJaCHUX YSIB-
JieHsb mipo etionaroreHe3 CKX, oninka echeKTUBHOCTI icHY-
OUMX IPODITAKTUIHMX Ta MeTa(iTaKTUIHUX CTpaTeriii, a
TaKOX OKPECJEHHSI MePCIeKTUBHUX HAIPSIMiB MOAAIBIINX
IOCJiIXeHb Y 1iil cepi.

ETioAorig Ta naroreHes
Ce4YOKAaM’IHOT XBOpOOU

CKX € mynsrudakropialbHUM 3aXBOPIOBAHHSIM, SIKE
PO3BUBAETHCS BHACTIIOK CKJIAIHOI B3a€EMOIii FTeHETUIHUX,
MeTa0OJIIYHUX, DIETUYHUX, €KOJOTIYHUX Ta aHATOMIYHUX
dakTopiB. PopMyBaHHSI KAMEHIB Y CEYOBUBIIHI cucTeMi
BinOyBa€eThbCsl yepe3 IMOpYIIeHHsI 6alaHCy MixK pedyoBHUHA-
MM, SIKi YTBOPIOIOTb KPUCTAIM (OKcaaaTH, KaJblliil, cedo-
Ba KMCJIOTA TOLIO), Ta TUMMU, IO iHTIOYIOTh KpUCTaTi3allilo
(uMTpaTu, MarHiii, rikosamiHoriikanm) [8—11].

[laToreHeTUYHO KIIFOUYOBUM MOMEHTOM € TI€peHacH-
YeHHS CeYi JIITOTeHHUMHM COJISIMHM, IO CIIpHSIE HYKJIealil,
pPOCTY Ta arperailii KpUCTaliB, sSIKi 3T0IOM IIE€PETBOPIOIOTh-
cs Ha KaMmeHi. lle mepeHacuueHHsT Moxke OyTH 3yMOBJIEHE
SIK CTaHaMM, $SIKi 30iJIbIIYIOTh BUBEIEHHSI PEUYOBHUH, IO
YTBOPIOIOTb KaMeHi (Timepokcaiypisl, TimepKajbliypis,
rinepypuko3sypisi), Tak i 3HMXKEHHSIM 00’emy ceui (dyepe3
HEIOCTaTHIO TimpaTallito abo MiIBUIleHEe MOTOBUIIJICHHST),
1110 30i/IbIIIYE KOHIIEHTpallito coseil y ceui [§—11].

OnuH 3 BaXJIMBUX €TiOJNIOTiYHUX (DaKTOPiB — 1I€ Tinep-
KaJblliypis, siKka HaityacTille Ma€ iTionaTuyHuii XxapakTep.
Bona BusiBiisieThes y moHan S0 % mallieHTiB i3 KalTbIliEBUMHA
KaMeHsIMU i OB’ si3aHa $SIK 3 TMiJBUIIIEHUM BCMOKTYBaHHSIM
KaJIbIIil0 B KUIIIEUHUKY, TaK i 3 TIOPYIIEHHSIM peadbcopOlril
KaJIbllil0 B HUPKOBUX KaHalblsgX. He MeHI 3HauyluM €
rinepokcainypisi, sska MOXe MaTh TMEePBUHHUI (TeHEeTUY-
HUIi) 200 BTOpPUHHMI XapakTep (3yMOBJICHUIA, HATTPUKJIAI,
MOPYILIEHHSIM KUIIIKOBOTO BCMOKTYBaHHsI a00 HaAMipHUM
CTMOXUBAHHSIM I1IaBJIeBoi Kuciaotn) [§—11].

Baxnmoto ¢dopmoro CKX € ypatHuii yposmitias, 1110
PO3BHUBAETHLCS B yMOBax Kucioi peakii ceui (pH < 5,5) Ta
BHCOKOI KOHIIEHTpallii ce40B0oi KUCIoTH. Lleit Tum kamMmeHiB
YacTO CIOCTEPIra€ThCs y Malli€HTIB i3 METa0OIiYHUM CUH-
JIIPOMOM, TOJArpoio Ta OXUpiHHIM. BoHM MaiOTh BUCOKY
CXWJIBHICTD A0 PELMAMBY, OTHAK MOXYTh OyTU €(heKTUBHO
npodinakToBaHi 3aBASKY ankajizauii ceui [12].

L{cTMHOBI KaMeHi, Xxo4a i pinKiCHi, TAKOX 3aCJIyTOBY-
[OTh Ha yBary y matoreHesi. BoHM BUHUKaIOTh YHACHTiTOK
TFeHETUYHOTO Je(PeKTy — HUCTUHYPIi, 110 CIIPUYMHSIE HA/I-
JINIIIKOBE BUBEACHHS LIMUCTUHY, TTOTAHO PO3YMHHOI ami-
Hokucjiotd. BomHouac iHgekmiliHi KamMeHi (HaIIpUKIiIan,
CTPYBITHIi) YyTBOPIOIOTHCSA B YMOBAaX JIY>KHOI CeUi IIpU Xpo-
HIYHMX iH(EKIIiSIX CeY0BOI CUCTEMMU, 110 CYITPOBOIKYIOTh-
csl ypea3-TIpOAYKYIOUMMM OakTepisimu, 30Kpema Proteus
mirabilis, Klebsiella spp., Pseudomonas spp. [13].

OcranHiMu pokamu B matoreHe3i CKX akTuBHO 10Ci-
JIKYETHCST POJIb MiKpOOiOMYy KMIIIEUHUKA Ta CEYOBUX IILJISI-
xiB. [loBeneHo, 1110 MeBHi 6akTepii, Hanpukian Oxalobacter
Jformigenes, cripusitoTh erpajailii okcaaaTy B KUIIEYHUKY,
3HIDKYIOUM HOr0 CHCTeMHE HAIXOIKEHHS i, BiIMOBiZHO,
PU3MK YTBOPEHHS OKCcajlaTHUX KaMeHiB. Brpara kosioHiza-
11 TaKUMHU MiKpOOpTaHi3MaMU IiCJIs aHTUOIOTUKOTEpaltii
ACOIIIOETHCS 3 BUIIMM PU3MKOM TillepoKcaldypii Ta peLu-
nuBiB CKX.

[eHeTuyHi (pakTOPU TAaKOX BimirpaloTh Aeaali MOMiTHi-
LIy POJIb Y PO3YMiHHI maroreHesy. [neHTH(hiKOBaHO MOHA
30 reHiB, acoliiioBaHUX 3 MiABUILEHUM PU3MKOM PO3BUTKY
CKX, cepen skux CLDN14, SLC26A1, SLC3A1, ALPL.
[eHeTnyHi TOpYIIEHHSI MOXYTb BIUIMBAaTH SIK Ha TpaH-
CIIOPT €JIEKTPOJIITIB Yy HUPKAaX, TaK i Ha 30aTHICTh OpraHi3-
My IIPOAYKYyBaTH a00 pyiHYBaTU KpUCTaNIOiHTiOiTOpH] [14].

Jlo ex3oreHHMX (baKTOpiB, IIO CIIPUSIIOTH PO3BUTKY
CKX, Hanexarb:

— HU3bKE CIOXWBaHHS PiIMHMU (OCHOBHMIA (haKTOp
PU3KKY);

— HaJUTMIIOK TBAPUHHOTO OiJIKa B pallioHi;

— HaAMipHe BXWBaHHS KyXOHHOI COJIi;

— nediluT IUTPaTiB Ta MarHiIO B ceyi;

— HU3bKa (pizMUHA aKTUBHICTB;

— TpuBaJje IepedyBaHHs Y CTICKOTHOMY KJTiMaTi.

Otxe, etionaroreHe3 CKX — 11e ckilamHUil MexaHi3M
MOPYIIEHb, y SIKOMY MEePeXpelIyioThCsl MeTaOoJiuHi, iH-
dekiriiiHi, aHaTOMiYHi Ta MOBemiHKOBi (pakTopu. Came
ToMy e(eKTHBHa MpoditakTuKa Ta MeTadiJakKTUKa YpoJli-
Tiazy noTrpedye KOMILJIEKCHOIO, MePCOHAi30BAHOIO Mil-
X0y, SIKUi Tiepenbdavyae He JIMILe JIiKyBaHHSI KOHKPETHOTO
emnizony, ajie i MMOOKe pO3yMiHHS iHAMBiAYyaIbHUX T1AaTO-
(iziosorivHUX MexaHi3MiB y KOXXHOTO Talli€eHTa.

NpodiAaKTUKO CeYOKaM’aHOT XBOpo6bu
[IpodinakTka cedokam’sTHOI XBOPOOM € KIIIOUOBUM
€JIEMEHTOM y 3MEHIIICHHI 11 MOIIMPEHOCTI, 3HUXKEHHI Yac-
TOTU PELIMIMBIB Ta MiHiMi3allii ycKJlagHeHb. BpaxoByroun
TOJTIETIONIOTIYHNI XapaKTep YpouiTiaszy, IpodilaKTUYHi
3aX0AM ITOBMHHI OyTM 0araTOKOMITOHEHTHHUMU, OXOILTIO-
BaTH sIK MoaM(iKallilo CIIoco0y XUTTS, TaK i yCyHEHHSI Me-
TaboIiyHMX mopyiieHb. OCHOBY cyd4acHOI NpodilaKTUKU
CTAaHOBJISITh HEMEIMKAMEHTO3HI BTPY4YaHHS, Cepell SIKUX

70 Hupium. Kidneys

Tom 14, N2 2, 2025



Oraga / Review

0CO0JIMBY POJIb BilirpaloTh KOPEKIIisl Tiaparallii, Ji€TUYHI
pekoMeHallii Ta Mmoaudikarliist haKTOpiB pU3KKY.

OnHuM 3 Halle(peKTUBHIIIMX i BOIHOYAC HAWIPOCTi-
XX METOMIB TPOMITaKTUKN € TIiIBUILIEHHS T000BOTO
CcrnoXXuBaHHSI pinvHU. [locTaTHs TigpaTallis NpU3BOAUTH
110 30iIbIIIEHHST 00’ €My cedi, 1110 3MEHIIIYE ii JTITOTeHHICTh
LIJISIXOM 3HWKEHHSI KOHIEHTpallil KaMeHeyTBOPIOIUMX
coJjieii. 3a pekoMeHaalisiMiu €BponeiichbKol acolialii ypo-
noriB (EAU, 2024), mauientam 3i CKX ciin miarpumyBaTtu
Niype3 Ha piBHi He MeHIle 2—2,5 JiTpa Ha 100y. Pe3yiabratu
0araTOLEHTPOBUX AOCHIIKEHb MiATBEPIXKYIOTb, 10 BHU-
COKE CMOXWBAHHS PIIMHU aCOUIIOETHCS 31 3MEHIIEHHSIM
pusuky peunauy Ha 40—50 % [15]. OcobauBy yBary ciif
3BEpTATU Ha SIKICTb PIIVMHU: TepeBary cjif HaJaBaTy BO/I,
TOJi SIK BXKMBAHHSI COJIOKMX ra30BaHMX HAMOiB, 0COOJIMBO
3 BUCOKMM BMiCTOM (DpYKTO3U, 3HAUHO TiABUIIYE PUNK
KaMeHEYTBOPEHHSI.

[ieTa € gpyruM HapiKHUM KaMeHeM HNpodiTaKTUKU.
Bona mae OyTu amanToBaHOIO O TUILy KaMeHiB, 1[0 BU-
SIBJIEHI a00 OUiKyIOThCS Ha MiJCTaBi MeTabOiYHOrO aHali-
3y. [1pu Kaibli€eBUX KaMEHSIX BaXJIMBUM € ITOMipHe, a He
JKOPCTKE 00MEXEeHHS Kasblito B palioHi. Huspke crioxmu-
BaHHSI KaJibllilo CIIpUsIE MiABUILIEHHIO a0COPOLIil oKcanaTy
B KHUILIEYHUKY, 1110, Y CBOIO YEpTy, MiJABUIIYE PU3UK OKCa-
JJaTHOTO ypoJiTiazy. ONTUMaJbHUM BBaXKA€TbCSI CITOXMU-
BaHHs Kauibliito Ha piBHi 1000—1200 mMr/mo0y 3 ixeto [16].

Takox moBeneHa nmpodilakTHIHA iHHICTE OOMEXKEeHHST
TBAapMHHOTO 0OiJika, 0COOJMBO YePBOHOTO M’sica, SIKe ITil-
BUIILYE €KCKPELIil0 KaJbllil0, CEY0BOI KHCIOTU Ta 3HIKYE
piBeHb IMTpaTy B cevi. HagmipHe crioXuBaHHS KyXOHHOI
COJIi TAKOX € TOTY>KHUM JITOreHHUM (PpaKTOpOM: HaTpiit
crpusie BTpaTi Kasblilo i3 ceyero, TOX PEKOMEHI0BaHe
obMmexxeHHs1 Hatpito 10 < 2 1/mo0y. [TpoaykTu 3 BUCOKUM
BMiCTOM okcajaTy (IITIrMHAT, peBiHb, OypsIK, IIIOKOJIA/, TO-
pixu) ¢y 0OMexXyBaTH, 0COOJIMBO MalliEHTaM 3 TilepoK-
caiypiero [17].

[ligBuineHHs piBHS LUTPATy B CeUi, SIKWI Oi€ SIK TIpU-
pOIHMIA iHTIOITOp KpMCTamizallii, TaKOX BU3HAHE BaKJIM-
BUM NPODIIAKTUYHUM 3aXOO0M. 3OLIbIIEHHS CIIOXHU-
BaHHsI LIMTPYCOBUX COKiB (OCOOJMBO JMMOHHOIO) MOXE
MiABUILYBATU LIUTPATYPil0. Y OeSIKUX BUMaAKaxX JOLiIbHE
MEIMKaMEHTO3He TpU3HAYEHHS KaJlilo LIMTpaTy, 110 Ta-
KOX CITpUSI€ ajiKajtizallii ceui — 0co011BO e(heKTUBHO MPU
YpaTHUX Ta IMCTUHOBUX KaMeHsx [18].

VY nauieHTiB i3 peUMIMBYIOUMM YpaTHUM YpOJliTia-
30M IIpodiaKTUKA BKIIOYAE alKali3aiito cedi (LITboBUiA
pH — 6,0—6,5) 3a mornomorow Hatpilo GikapboHaty abo
Kajio nurtpary. Lle 3HauHO moiniiye po34YMHHICTb Cedo-
BOI KMCJIOTU Ta 3HUXYE pU3UK Kpuctamizauii [19]. Y nes-
HUX BMITaJKax TaKOX 3aCTOCOBYIOThCS iHTiOITOpU KCaH-
TUHOKCHUAA3W (HAIMpUKJIIAA, aJlONypUHOJ) Yy MAallieHTIiB 3
rinepypuko3ypi€to ta/abo moaarporo.

Oxpemy Himy B npodinakTuii 3aiiMae Moaudikairist
Croco0y XUTTSI: MiIBUIIIEHHS PiBHS (i3MYHOI aKTUBHOCTI,
3HMXKEHHSI MacH TiJla TPy HassBHOCTI OKUPiHHSI, KOHTPOJIb
piBHS TII0KO3M Ta apTepianbHoro Tucky. CKX Bce gacTime
ACOLIIOETHCS 3 KOMITIOHEHTAMU METa0O0IiYHOTO CUHPOMY;,
TOX MNpOoiaKTUYHI 3aXO0OM MalOTh BpaxOBYBaTU 1Ii KO-
MopObigHocTi [20].

3 orsiy Ha BUIECKa3aHe, cydyacHa KOHIETIIisl TTpo-
inaktTku CKX 6a3yeThcsl Ha MOEHAHHI YHiBEpCATbHUX
(3arajibHUX JUIST BCiX TALIIEHTIB) Ta iHAMBIdyali30BaHUX
(3ajiexkHO Big TUITYy KaMeHs, 0iOXiMiYHMX IMMOKA3HMKIB Ta
CYMyTHBOI MaToJIOoTii) 3axoiB. Pesynbratn 6aratoneHTpo-
BUX PaHIOMi30BaHMX IOCIIIKEHb MiATBEPIKYIOTh e(eK-
TUBHICTb TAKOTO IiAXOAY Y 3HWKEHHI YaCTOTU PEeLUINBIB,
a BIAIOBIMHICTh MAIiEHTIB PEKOMEHAAIISIM 3aJIMIIAETHCS
KJII0UYOBOIO IETEPMiHAHTOIO YCITiXYy.

MeTadiAaKTUKO Ce4OKAaM’aHOT XBOpo6u

MertadinakTuka ceyokam’siHOI XBOpOOU — 1I€ CYKYII-
HiCTb 3aX0/IiB, CIPSIMOBAHUX Ha 3arl00iraHHs peLMIUBaM y
MAali€HTIB, SIKi BXXe IMepeHecn Xxoua 6 OJ1H €301 KaMeHe-
yTBopeHHs. Ha BiamiHy Bin 3aranbHOI NpodiakTUKM, 110
OpiEHTOBaHa Ha TEepBMHHE 3amobiraHHsI, MeTadiTakThKa
0a3yeThbcsl Ha pe3ysbraTax iHAWBIIyaJbHOTO OOCTEXKEeHHS,
aHaJli3i ckjamy KameHs, MeTabOoiuHMX XapaKTeprucTukKax
TMalli€eHTa Ta HAsSBHOCTI CYITYTHIX 3aXBOPIOBaHb. 1i MeTa —
MiHiMi3yBaTM pM3HUK IIOBTOPHOIO (PpOpMyBaHHS KaMEHiB
IIIJIIXOM BIUIMBY Ha OCHOBHI MaTOT€HETUYHi MeXaHi3MU y
KOHKPETHOTO Ialli€eHTa.

[lepmym KpoKoM y riaHyBaHHiI MeTaiIaKTUKU € aHA-
JIi3 cKJamy KameHsl (Ha OCHOBIi iH(payepBOHOI CIIEKTPO-
cKorrii a0o peHTreHandpaxiiitHoro merony). Lle nae smory
BU3HAYUTHU TUM COJieil (Kasblliii-oKcanaTH, Kaabliii-goc-
(atu, ceyoBa KMCI0Ta, CTPYBITH, LIMCTUH) Ta TPUITYCTU-
TU MOXJIMBI MeTa0oMiuHi ropyueHHs. Jani mpoBoauTbest
24-TOOVHHUIA aHaJIi3 Cedi, IKU1 Ja€ 3MOTY OLIIHUTHU 00’ €M
ceui, piBHI KaJbllilo, OKcaJlaTy, LIUTpaTy, MarHiio, ce4oBoi
kuciaotu, pH ta Hatpito. 3a HAIBHOCTI 3HAYYIIUX BiIXu-
JIeHb TIpU3HAYAEThC LiJIecTIpsIMOBaHa Tepartis [21].

V maui€eHTiB i3 TinepKajblliypi€lo OOLJIbHE MpU3HA-
YeHHS Tia3uA0MoniOHMX AlypeTUKiB (TinpoxjaopTiazun, iH-
Jaramif), siki 3HUXKYIOTh €KCKpellilo Kabliito i3 ceueto. Te-
partist ebeKTUBHA JIMIIIE 3a JOTPUMAaHHSI OOMEXEHHS COJli B
Ti€eTi, iHak1e ii e(eKTUBHICTb 3HUXYEThCS. KpiM Toro, pe-
KOMEHYEThCSI HOPMaJIbHE HAJIXOXKEHHS KaJbllilo 3 TXeto
(He menme 1000 Mr/no0y), amke oOMEXEeHHS KaJbllilo B
IIiE€TI MOXe MapagoKcaaIbHO 30UIbIIYBATA PU3UK PELIUIUBY
yepe3 3pocTaHHs abcopOllil okcanary.

V Bumauky rinepoxcanypii, sika Moxe OyTH IEPBUHHOIO
200 BTOPUHHOIO, KJIIIOUOBUMU MeTa(hiTaKTUIHUMU 3aX0/a-
MM € 0OMEXKEHHSI TTPOIyKTiB, OaraTux Ha I1aBJIeBY KHUCJIOTY,
BXXMBAHHSI Kajbllito 3 iXeto (U1 3B’sI3yBaHHSI OKcajary B
KWILIEYHUKY) Ta, 3a MOTpeOU, MpU3HAUYEHHS IpernapariB
KaJblil0 Y BUTJISII XapuoBOi T0OaBKU.

[NamieHTaMm i3 rimoUTpaTypi€ro peKOMEHIOBAHO 301/1b-
IIATA BXWBAHHS LIUTPYCOBUX MPOIYKTiB, a TAKOX 3aCTO-
CyBaHHS KaJlilo IIUTPATy — SIK EPOPaTbHO, TaK i y BUTJISIIL
rpaHys abo TabJETOK i3 MOBUIbHUM BUBLIbHEHHSM. Llu-
TpaT € NPUPOJHUM iHTIOITOPOM KpucTajizallil KaJabli€BUX
CoJIe, a TAKOX aJKali3yloulM areHTOM, 1[0 Ma€ 0COOJIMBE
3HaYeHHS 151 TPO(iTaKTUKU YPATHOTO i IUCTUHOBOT'O Ka-
MEHEYTBOpeHHs [22].

lnepypuko3ypist — 1iie OAVH 3HAYYIIMA (haKTOp y Ma-
toreHe3i CKX, 0oco0iaMBO MpM CEYOKUCIUX KaMEHSIX. Y
TaKMX BUMAIKaX 3aCTOCOBYIOThCS aJIONypUHO a00 heOyK-
cocTaT — TpernapaTH, 110 3HUXYIOTh YTBOPEHHS CEYOBOI
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kucyiotu. OOOB’SI3KOBUM KOMITOHEHTOM MeTadijlaKTu -
KU YpaTHOro ypoJiTiasy € ninrpumaHHs pH cedi B Mexax
6,2—6,8 3a 1OIMMOMOTOIO LIMTPATiB 00 GikapOOHATY HATPIIO.
Perynsipauii MmoHitopuHr pH ceui € HEOOXiTHOW YMOBOIO
ycminrHoro JiikyBaHHs [23].

CTpyBiTHI KaMeHi BUHMKAIOTh Ha (hOHI XPOHIYHMX iH-
dexuill cevyoBUX IUISIXIiB, IO CIPUIMHEHI ypea3olpomay-
Kytrounmu Oakrtepisimu. IlpodinakTrka peluauBiB BKIIO-
Yyae TOBHOLIHHE JiKyBaHHS iH(eKIii, caHallilo CeYOBUX
LIJISIXiB Ta, 32 MOTpeOu, MpU3HAYEeHHs iHTi0ITOPiB ypeas3u
(auerorigpokcaMoBa Kucyiota). OaHaK HailBasKJIMBILLIUM €
MOBHE BUJAJICHHS KAMEHIB, OCKIUJIBKU 3JIMILKU CIIPUSIOThH
MOCTIHIN KOJOHI3alIil Ta peuuanuBam [24].

Ilpu tmcTuHypii, pinKicHOMy CITagKoBOMY CTaHi, 1O
npodiTakTUKKU BXOISATh arpecuBHa rigpaTauis (LiTbOBUit
niypes > 3 1/m00y), ayxHa peakuis ceui (pH > 7,0) Ta, 3a
noTpedu, IpU3HAYEHHS TioJICyIb(haHIaMiTHIX IIperapa-
TiB (MeHIiIWIaMiH, TIOIPOHIH), SIKi 3B’SI3YyIOTh LIUCTUH Y
PO34YMHHY (hOPMY.

KpiMm mMeamkamMeHTO3HOI Teparii, BaXJIMBUM KOMIIO-
HEHTOM MeTadiJaKTUKU € OCBITHSI poOOTa 3 MalliEHTOM.
PerynasipHuii MOHITOPUHT MTOKA3HUKIB C€Yi, KOHTPOJIb Ti-
JpaTalii, TOTpMMaHHS JIETU Ta CaMOCTiliHE BUMiprOBaH-
Hs1 pH — yce 11e minBuliye NpuXWIbHICTD 10 JIIKyBaHHS Ta
3MEHIIYE PU3KK pelnauBiB [25, 26]. [TamieHTamMm peKoMeH-
JYETbCS BEIEHHSI 1IOIGHHUKA MMUTHOTO PEXXUMY, 110 JIO0TI0-
Marae KOHTPOJIIOBATU JOOOBUM Iiypes.

HoBi minxomn mo MeradilaKTMKN TaKOXK BKJIIOYAIOTH
3acTOCyBaHHS LMGpoBUX TexHosorii. Hampukmam, Mo-
OiJIbHI MOJATKU, SIKi HaraayloTh PO HEOOXiIHICTh MUTU
Bony abo KoHTpoJioBatTu pH cedi, 1eMOHCTPYIOTh IMO3M-
TUBHI Pe3yJbTaTU y MiABUIIEHHI MPUXUIBHOCTI 10 npodi-
JIAKTUYHMX 3axo/iB [27].

3 ornsiny Ha e epekTuBHA MeTadinakTuka CKX — 11e
IepCOHAaIi30BaHa, HAyKOBO OOIPYHTOBaHA Ta AMHaMiYyHAa
cTparteris, 1o 0a3yeThCsT Ha JaHUX KIIHIYHOI, 1abopaTop-
HoOi Ta GioxiMiuHOI omiHKM manieHTa. [ yemimHicTs 3ame-
JKUTh He JIIIE Bil MpaBUJIbHO MMimiOpaHol Teparrii, a i Bia
aKTMBHOI yJacTi MallieHTa y MPOIIeci TPUBAJIOTO CIIOCTepe-
JKEHH$ Ta KOHTPOJIIO.

CY‘-ICICHi AOCAIAXKEHHS Ta nepcneKkTmeu

Tlompu 3HaUYHMIT IpOrpec y po3yMiHHI MeXaHi3MiB Ka-
MEHEYTBOPEHHsI Ta HAasBHICTb IOKAa30BUX PEKOMEHAIIiit
moao npodimakTuku i MetadimakTuku CKX, piBeHb pe-
LIMIVBIB 3aTMIIAETHCS BUCOKUM, a IPUXUIBHICTb Malli€H-
TiB 10 TpUBaIMX MPOGITaKTUYHUX 3aXOIiB — HEIOoCTaT-
Hbo10. 1le 3yMoBIIIO€ 3pocTalounii iHTepec TOCAiTHUKIB 10
BUBYEHHSI HOBUX aTo(Di3i0I0riYHUX JTaHOK, OioMapKepiB,
reHeTUYHUX (aKTOpiB Ta 3aCTOCYBaHHsS iHHOBALiMHUX
TEeXHOJIOTii /IS TIOMMIIEHHST pe3y/bTaTiB BeIeHHS Talli-
€HTIB i3 ypoJiTiazoM.

OnuH i3 HaWMEepCreKTUBHIIINUX HAIpSMiB — IOCHi-
JKEHHST MIiKpOOiOTHM KHWIIEYHMKA Ta CEYOBOI CHUCTEMM.
OcTaHHi gaHi CBimYaTh MPO TICHUU 3B’SI30K MiX KHIIKO-
BUM O1Cc0i030M Ta PU3MKOM PO3BUTKY OKCaJIaTHMX KaMe-
HiB. Hampuknan, Oxalobacter formigenes — o0JiraTHUit
aHaepoO, sIKuii MeTaboJIi3ye oKcalaT y KUILIEYHUKY — BBa-
XAEThCS 3aXMCHUM (bakTopoM. MOro 3HMKHEHHs Tics

AHTUOIOTUKOTEparii aCOLIIETHCS 3 MiABUIIEHHSM DPiBHS
okcayiaty B cedi Ta 3poctaHHsM pusuky CKX. VY kiiHiu-
HUX JOCIIKEHHSIX BUBYAETHCS MOTEHLIiaJT TTPOOIOTUYHUX
IIpeTapariB, SIKi MiCTSATh OKcalaT-MeTa00JIi3yI0i IITaMH, a
TaKOX IEPCHEKTUBY TpaHCIUIAHTALlil MiKpoOioTH mpu pe-
LIMAMBYIOUOMY ypoJiiTiasi [28].

3Ha4yHy yBary OpUIiI€HO FeHETUYHill CXWIBLHOCTI 110
CKX. CyuacHi reHomHi nociimkeHHs: (GWAS) nanu 3mory
ineHTUdiKyBaTU HU3KY FTeHETUYHMX BapiaHTiB, acollilioBa-
HUX i3 pU3BUKOM KaMeHeyTBopeHHsI — 30KkpeMa CLDN 14,
SLC34A1, SLC26A1, ALPL, siKi perymioloTh TpaHCITOPT
Kajblito, docdaTiB Ta iHIIKUX IOHIB Y HUPKOBUX KaHaJlb-
ugx [29]. InpuBinmyasbHa TeHETUYHA CXWIBHICTH MOXeE
3YMOBJIIOBATH BiIMIHHOCTI y BiIIOBimi Ha MpodiTakKTUIHi
BTpy4YaHHSI, TOMY MaiiOyTHi CTpaTeTii MOXYTh BKJIIOUYATU
IepCcoHali30BaHy MeTadiTaKTUKy Ha OCHOBI TeHETUIHOTO
npodisio nalieHTa.

Takox TpuBa€ MoIIyK HOBUX OioMapKepiB, sIKi gaiau O
3MOTY OIliHIOBAaTH PU3UK PELUAUBIB, ePEeKTUBHICTb Teparii
Ta aKTUBHICTh KaMeHEeYTBOPEHHSI. Jl0 MOTEeHIIHUX MapKe-
PiB BXOASITh piBeHb iHTIOITOPIB KpUcTaizallii (HarpuKJai,
He(hpOKAIbIMHY, YPOIIOHTUHY), OUIKM TEIJIOBOTO IIIOKY,
MOKa3HUKU OKUCHOTO cTpecy Ta 3ananeHHs [30]. Po3po6-
Ka JOCTYITHUX IaHeIeil bioMapKepiB TO03BOJUTh HA PaHHIX
eranax igeHTU(}IKyBaTU MAL€HTIB i3 BUCOKUM PU3UKOM
peurarBy Ta adanTyBaTU MpodiTaKTUIHY CTpaTerilo.

V (dokyci cydyacHUX AOCIIIKEHb TepeOyBaloTh i IUd-
POBi iIHCTPYMEHTHM, 30KpeMa MOOiIbHI 3aCTOCYHKH, SIKi 10-
MOMararoTh MalliEHTaM BiICTEXyBaTW DPiBEHb TrimpaTallii,
HaraaymoTbh PO MPUIOM JIiKiB a00 BUMiptoBaHHs pH ceui.
Hanpuknan, B pamkax mijioTHoro npoekry y Benukiit bpu-
tanil mamientn 3 CKX, sKi KOpucCTyBaJUCs MOOITLHUM
JIOIATKOM 3 TIePCOHATI30BAHUMU TIOpaJaMU 1010 TTPpodi-
JIAKTUKH, MaJTi Ha 35 % MeHIIe peliuaInBiB IPOTITOM POKY
crnoctepexeHHs [31].

OaHUM i3 HOBUX HampsIMiB € BAUKOPUCTAHHS IITYYHOTO
inTenexty (L1I) Ta MalmmHHOro HaBYaHHS JJIs1 TIPOTHO3Y-
BaHHs peLMAMBIB Ta onTUMi3allii MeTadinakTuku. Moaeni
Ha OCHOBi OaraToakTopHOro aHanizy (BiK, cTaTh, CKJaj
kaMeHs1, pH ceui, 6ioxiMiuHi MOKa3HUKM, TeHETUYHI JaHi)
JIEMOHCTPYIOTh BUCOKY TOYHICTh Y BU3HAUCHHI Malli€eHTiB
3 TiJABUIIEHUM PU3UMKOM TTOBTOPHOTO KaMEHEYTBOPEHHS
[32, 33]. Taki anropuT™M MOXYTb BUKOPHUCTOBYBATUCH SIK
y KJIiHIYHIM TpaKTUIli, TaK i Y BiggaJleHOMY MOHITOPUHTY
TMali€HTIB.

Ille ogHMM TepCHEeKTUBHUM HAIIPSIMOM € MOCJiIKEeH-
Hs1 HOBUX (pbapMaKOJIOTIYHMX areHTiB, 30KpeMa iHTi0iTopiB
KpucTatizalii (HanmpukJIaz, iMiTaTopiB [JIiKOMPOTETHIB, 1110
MPUTHIYYIOTh HYKJI€allilo), HOBUX (OpPM LUTPATIB i3 Mo-
JIiMIIeHO 6i0J0CTYMHICTIO, a TaKOX CITOJYK, 110 BILIW-
BalOTh Ha TPAHCIIOPT OKCcAaJIaTy B KUIIEYHUKY. Y cTafil 10-
KJIiHIYHOTO BUBYEHHSI MIepe0yBatOTh TAKOX MpernapaTu, sKi
BIUIMBAIOTh HA PETYJISALII0 KaJIbIiEBOTO TOMEOCTa3y uyepes3
6inku cimeiictea TRPV.

InTepec BUKIMKAIOTH i ajJbTepHATMBHI ITOXOOU, 30-
Kpema ¢itoTeparnis. Jleski pocauHHI IpenapaTy, Halmpu-
Kknan ekcrpaktu Phyllanthus niruri, Orthosiphon stamineus,
MPOJEMOHCTPYBAIN TMO3UTUBHUI BIUIMB Ha iHriOyBaHHS
KpHCTai3allii B eKCriepuMeHTAIbHUX Monesix. OmHaK 1ist
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IIMPOKOTO BOPOBAIKEHHsI B KJIiHIUHY MPaKTUKY Opakye
BUCOKOSIKICHUX PaHIOMi30BaHUX JOCIIIXKEHb.

YemimHicTh TpodiakKTUKKY Ta MeTadiJaKTUKU TaKOXK
TiCHO TTOB’s13aHa 3 PO3BUTKOM iHTEPAUCIIUTITIHAPHUX TTPO-
rpam, siki 00’€THyIOTb YpOJIOTiB, He(POJIOTiB, TiETOJIOTIB,
JIiKapiB 3arajbHOI MpakTUKU. TakWil MiaXin gae 3Mory He
JIMIIE TTOJIIMIMTA KOHTpoJb Hax CKX, ane it onTumizyBa-
TH JIIKyBaHHSI CYITyTHIX CTaHIB — OXMpPiHHS, OiadeTy, Imo-
Jarpu, MeTa0boJIiYHOTO CUHAPOMY.

SAK Hacninok, cyyacHi AOCTiIKeHHs CBimyaTh PO IO0-
CTYIOBUIA Mepexil Bill yHiBepcaJlbHUX peKOMEHIAllill 10
iHOMBigyanizoBaHoi, 0i0iH()OPMATUYHO OOIPYHTOBAHOI
npodiTakTUKU, 1110 BpaXOBY€E He JIMIe OioXiMiuHi mokas-
HUKH, a if MiKpoOioM, TeHETUKY, IMTOBEIiHKOBI (hakKToOpu Ta
mudpoBy HiATPUMKY HauieHTa. HailOmmokamMmu poxamu
OUYiKYETBCS BIIPOBAKEHHSI HOBUX TEXHOJIOTIi, 1110 MOXYTh
KapAMHAJIbHO 3MIHUTU MIApaluTMy BEJIEHHSI XBOPHUX 3 YPO-
JIiTia30M, MEPETBOPUBILHU 110 HIOUTO «3BUYHY» TATOJIOTIIO
Ha KEPOBaHUI XPOHIYHUM CTaH 3 MiHIMaJIbHUM PU3UKOM
PELIUIUBY.

BuUCHOBKM

Ceyokam’ssHa XBOpoOa 3ajIMILNAEThCS OOHIEID 3 Hali-
OB MOLIMPEHUX i PEIUAMBYIOUMX MATOJIOTIi YPOIOTiYHOT
MpakTUKH. [i 6araTodakTopHa eTioNorisi Ta CKJIaAHMIA MaTo-
reHe3 3yMOBJTIOIOTh HEOOXiHICTh KOMIUIEKCHOTO, MepCOHA-
JIi30BaHOTO TAXOAY 10 MPOMIIaKTUKKA Ta MeTa(iIaKTUKU.
IpoBeaeHuMii OrJIsiz JiTEpaTypy 1a€ 3MOTY TiATU HU3KU BU-
CHOBKIB, 1110 MalOTh SIK KJTiHIUHE, TaK i cTpaTeriyHe 3HaYeH-
HSI IJTS TIOAJTBIIIOTO PO3BUTKY ITPOMLIAKTIIHOI YPOJIOTii.

Ilo-mepire, epekTBHa TTepBrHHA ITpodizakTuka CKX
IPYHTYEThCSI Ha 0a30BUX, ajieé BOIHOUYAC BUCOKOE(MEKTUB-
HUX 3axoJax: ONTUMAaJIbHIil Timparallii, 30aJaHCOBaHOMY
XapuyBaHHi, 3MEHILIEHHiI CIOXWBaHHS HaTpilo, Oilka Ta
MPOIYKTiB, OaraTMXx Ha OKcajJaTu, a TaKOX 30iJbIIEeHHi
CMOXUBAHHSI MTPUPOAHUX iHTIOITOPiIB KpucTasizanii (1u-
TpaTiB, Kajlito, MarHito). Lli BTpyyaHHs1 MatoTh OyTH 4yac-
TUHOIO 3arajibHO1 KYJIBTYpU 3I0POBOTO CITOCOOY KUTTS Ta
BITPOBAJIXKYBATUCh HABITh y TALIIEHTIB i3 HE3HAYHUMMU TPO-
sIBAMM CEYOKaM’ STHOI XBOPOOM.

Ilo-nmpyre, meradinaktuka CKX Bumarae 4iTkoi cTpa-
Tu(iKallil IMalieHTiB 3a TUIIOM KaMeHs, MeTa0OJIiYHUM
npodijsieM, 4acTOTOI0 PEeLUUIMUBIB Ta CYIMyTHIMU 3aXBOPIO-
BaHHSIMU. BuKopuCTaHHS JaHMX 24-TOOMHHOTO aHajli3y
ceyi, OlliHKa CKJIaay KaMEHS Ta BUSIBJIEHHS] META0O0JIIYHUX
MOpYIIEeHb Jal0Th 3MOTY IIJIECTIPSIMOBAHO 3aCTOCOBYBATH
dapmakoTeparito (Tia3uau, HUTPaTH, aJOMyPUHOJ TOLIO)
Ta (opMyBaTH IIepCOHAJII30BaHI peKOMeHAallii. AKIIEHT
Mae OyTu 3po0JIeHUIT Ha IPUXWIIBHICTD /10 Teparlii Ta T1uHa-
MIYHMIT MOHITOPUHT pe3yJIETaTiB.

Ilo-Tpere, cyyacHa HayKa BiIKpMBa€ HOBi TOPU30HTH Y
npodinakTuili Ta MeTadiakTuli ypositiasy. JocaimkeHHs
MiKpoOiOTH KHUIIIEYHMKA Ta CEYOBHUX IIUISIXiB, TEHETUYHOI
CXWJIBHOCTI, BIUIMBY XapyOBUX MaTE€pPHiB, 3aCTOCYBaHHS
IITYYHOTO iHTEJIEKTY Ta IM(MPOBUX TEXHOJIOTi CTBOPIOIOTH
MepeayMOBM [JIsI PEBOJIIONII B iHAMBiAyali30BaHill Mpo-
dinaktri. | xoya yacTrHa LMX MAXOMIB 1Ie TepedyBa€e y
cTafii JOCiIKeHb, BXe 3apa3 BOHU (DOPMYIOTh MaliOyTHIO
napagurmMy BeaeHHs mamieHTiB i3 CKX.

BomHouac ciig 3a3HaunTH, IO ITOTIPU CTPIMKUI IIPO-
rpec y BUBUCHHI ITaTOreHe3y Ta IMpo@iIaKTUKK ypOJIiTiasy,
3HaYHA YaCTUHA CyYaCHMX IOCIIKEeHb Ma€ OOMEXEHY 10-
Ka30By 0a3y. [lepeBakaloTh HEBEJIMKi KOTOPTHI ab0 peTpo-
CIIEKTUBHI CIIOCTEPEXEHHS, L0 HE 3aBXAMU NalOTh 3MOTY
3pOOUTH y3araabHEHHS /151 IMPOKOI KJIIHIYHOI MPAKTUKM.
Hapasi Opakye BequKux OaraTOLEHTPOBUX PaHIOMi30-
BaHUX JIOCJIKEHb 3 TOBIOCTPOKOBUM HATJISIIOM, SIKi J10-
3BOJIWIIM O 00’€KTUBHO OLIIHUTU €(heKTUBHICTb iHAUBIMLY-
aji30BaHOI MPOoQIaKTUKKU B Pi3HUX IpynHax mauieHTiB. Ls
MporajrHa y 3HaHHSIX € CEepHO3HUM BUKJIMKOM JUist hop-
MYBaHHS CTIMKUX pEeKOMEHAAlliil Ha PiBHI MiKHApOIHUX
HACTaHOB.

V nincyMky, edpekTrBHa IpoditakTiKa Ta MeTaditak-
THKa CeYOKaM’ssHOI XBOpOOM Ma€e OyTu OaraTOpiBHEBOIO,
MEePCOHAJTI30BAHOIO, iIHTETPOBAHOIO B TOBrOTPMBATY B3a-
€MOJIito JTiKapsl Ta mnailieHTa. BoHa moBMHHA TPYHTYBaTU-
Csl HA CyYaCHUX JIoKa3aX, aKTUBHO BUKOPHUCTOBYBAaTH IT10-
TeHIIiaJl MiXKAMCLUMITTIHAPHOTO TTiJXOy Ta BpaXOBYBaTH HE
Jmie 0ioxXiMivHi, a i TOBEeIiHKOBI, TeHETUYHI Ta COLIiaIbHI
¢axropu. Takuii Miaxia DO03BOJIUTH HE JIUIIE 3HU3UTH TSI-
rap CKX, a i mominmuTy 3arajbHe 3I0pOB’S Ta SIKiCTh
JKUTTS MALi€HTIB.

KondaikT inTepeciB. ABTOpU 3asBASIOTH TIPO BiACYT-
HicTb KOHMIIIKTY iHTepeciB i BacHO1 ¢iHaHCOBOI 3alliKaB-
JIEHOCTI TpU MiJAroTOBLI JAHO1 CTATTi.

Indopmania npo dinancyBanusa. Crarrs € dpparmeH-
TOM HayKOBO-IOCJIiTHUIIbKOI poOOTH acripaHTa Kadeapu
Hedpoutorii Ta yposorii IITO HMY imeni O.0. boromo:s-
usg ta 1Y «IHctutyT yposorii iMeHi akagemika O.®@. Bosi-
anoBa» HAMH VYkpainu 3a remoro «Po3pobka iHCTpyMeH-
TiB IPOTHO3yBaHHs Mepediry HedpoJliTiazy 3 ypaxyBaHHSIM
CTaHy KHUIIIKOBOI'O MiKpoOioMy» B paMKax AucepTaliiiHoOro
JOCJTiIKEHHS, 1110 MPOBOAUTLCS Ha Kadeapi Hedpoorii Ta
yposiorii ITTO HMY imeni O.0. bBoromosnbiis.

Bnecok aBTopiB. Kpaciok I.B. — 36ip Ta aHani3 indop-
Mallii, HalTMCaHHS CTaTTi, MOIIYK Ta OIpalLloBaHHs (axo-
BOI JIiTepaTypH 3a TEMOIO, TiATOTOBKA PYKOITHCY 10 IPYKY;
IpugHeB A.A. — TIOLIYK Ta oIlpaimioBaHHS (paxoBOI JiTe-
paTypH 3a TeMOIO, TiITOTOBKA PYKOITUCY 10 ApyKY; [Twu-
rneHko €.B. — 30ip Ta aHaji3 iHdopMaliii.
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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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