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Hucepraimiiina  poboTa  HPHUCBSYEHA  BHUBYEHHIO  JIIarHOCTUYHMX
MO>KJIMBOCTEN HEIHBa3MBHUX O10MapKepiB y XBOPUX HA HEAIKOTOJIbHY >KHPOBY
xBopoOy neuinku (HAXKXII) Ha T 0KMpIHHS Ta HAJJITUIIKOBOI Baru Ta po3pooIi
Ha OCHOBI OTPUMAHMX JIaHUX JIarHOCTUYHOTO aJITOPUTMY PAHHBOI J1arHOCTHKH
bh16po3y.

VY nauHiii gucepTarliiiHii poOOTI BHMBYEHO MOMJIUBICTH BUKOPHCTAHHS
HEIHBa3WBHUX MOKA3HMKIB — BIJHOCHOTO CKJIaly OCHOBHUX (IJIOTHIIIB KHUIIKOBOT
MmikpoOiot (KM), cupoBaTkOBOi  KOHIIEHTpaIlli Mpo3amajibHUX  MapKepiB
BUCOKOUYTIMBOro C-peaktuBHoro nporeiny (Bu4CPII), ¢pakTopy HEKpo3y MyXJIMHU
anbda (OHII-aneda), piBHiB MikpoPHK-122 ta mikpoPHK-34a nns miarHoctuku
pannboro ¢idpo3y y xBopux Ha HAXXII B 3anmexxHocTi BiJ 1HAEKCY Macu
tia (IMT).

Ha tmi criiikoi TeHaeHIlii 10 30LIbIISHHS MOIMMPEHOCTI Cepell HaceICHHS
HAJIJTUIITKOBOI MacH TiJIa Ta BICIIEPAIBHOTO OXHUPIHHS BII3HAYAETHCS 3POCTAHHS
3axBoptoBaHocTi Ha HAXKXII, sxa crae onHi€l0 3 HAWMONIMPEHIIIUX MNPUYUH
3aXBOPIOBaHb IEUIHKM B yChbOMY CBITI Ta B Ykpaini 30kpema (Fadieienko G.,

Gridnyev O., Kushnir 1., 2021). 36inbmenns po3noscromkenocti HAXKXII cripusie



3HAYHOMY 3POCTAHHIO KUIBKOCTI YCKIJIQIHEHb, TaKHX SK: TeMaToIeIosIpHa
KaplIMHOMa Ta TICYIHKOBA HEJOCTATHICTh, M0 TMPU3BOAHUTH N0 301JIBIICHHS
MOKA3HUKIB CMEPTHOCTI Ta TOCHiTaji3allli MaIl€HTIB 13 YCKJIQJHCHHSMU ITUPO3Y
(Kumar R, Priyadarshi RN, Anand U., 2020).

KimtouoBum mutanHsMm y BeneHHi xBopux Ha HAXXII e cBoewacHa
niarHoctuka GiOpo3y Ha paHHIM cTafgii, ToMy Im0 came cTafmis (ioposy €
HaBaXJIMBIIIUM (DAKTOPOM, SKHI KOpENIOE 3 TMepediroM 3axBOPIOBaHHS SK Y
3BOPOTHUM OiK, Tak 1 B OIK MpOrpecyBaHHs 31 30UIBIICHHSIM CMEPTHOCTI B JIaHOI
TPYIH XBOPUX.

HeBupimenuMm 3aiuiliaeTbCsi NUTAHHS BHU3HAYCHHS TUX TAII€HTIB, SKI
NOTPEOYIOTh PETENBHILIONO CIIOCTEPEHKEHHS, LUIECHPSIMOBAHUX 3aXOJIB II0JI0
KOpEKLIi coco0y KUTTS, JIKyBaHHS KOMIIOHEHTIB METa0O0JIIYHOrO CUHAPOMY Ta Y
pa3i morpebu MmemukameHto3Horo JikyBanHs (Idalsoaga F, Kulkarni AV,
Mousa OY, Arrese M, Arab JP, 2020).

BianoBinHO 10 CydacHHMX YSBJI€Hb MPO MAaTOI€HETHYHI JIAHKH PO3BUTKY
HAXXII, sxi y3araiabHIOE€ TEOpis «MHOXHUHHUX YIapiB», OJHUM 13 BaKIMBHUX
MEXaHI3MiB, IO CHOPHSIOTH  PO3BUTKY  KUPOBOiI  JAUCTPOQIi  MEUIHKH,
MPOrPECYBAHHIO Tpo3alaibHUX 3MiH Ta (ibporeHesy, € mopymeHHs KM
(Aron-Wisnewsky J, Vigliotti C, Witjes J, Le P, Holleboom AG, Verheij J., 2020).
30kpemMa, JOCITIKEHHS, mpoBeacHe Raman etal.,, mpomeMoHCTpyBasio, mo y
xBopux Ha HAXXII Ta cynyTHE OXHUpIHHA MOPIBHSIHO 3 XBOPUMU 0€3 OXKUPIHHS
CIIOCTEpIraeThCs 3pocTanHs Oakrepiit ¢inorunmy Firmicutes (Raman M, Ahmed I,
Gillevet PM, Probert CS. 2013). 3 iHmoro OOKy pe3yJbTaTH, OTpPUMaHi
Jiang et al., mokasajau BIACYTHICTh CTAaTUCTHYHO 3HAUYHIMX 3MiH ckiaay KM y
xBopux Ha HAXKXII mopiBHsiHO 3 Tpymoro koHTpoito (Jiang W, Wu N, Wang X,
Chi Y, Zhang Y, Qiu X, 2015). ¥ cBoro uepry y poboTi Jasirwan COM. et al. Oyio
BUSIBJICHO TMPEBAIIOBaHHS OakrepianbHOro mynay Firmicutes mopiBHsSHO 13
Bacteroidetes wa piBHI ¢inoTHIy, MpoTe Ha PiBHI POAY KUIBKICTh OakTepiii

Bacteroides (14.43 %) nepesurnyBana Prevotella (9.14 %), minkpecitorouu, 1o



Bacteroides mominyBasm Hanm iHmmMu poxamu ¢imotumy Firmicutes (Jasirwan
COM, Muradi A, Hasan I, Simadibrata M, Rinaldi I., 2021).

Cnin 3a3HQUYUTH, 110 OUIBIIICTD JOCHIDKEHh HAAXOOWIH 3 a31aTChbKOTO
periony. 3okpema, Rahayu etal. Bu3HauaB 0coOIMBOCTI MIKPOOHOTO MPOQILITIO
MOJIOJIMX MENIKaHIIIB [HI0HEe31T I moka3aB 301IbIICHHS MIKPOOHUX MPE/ICTABHUKIB
poxiB Clostridium, Prevotella, Atopobium, Bifidobacterium ta Bacteroides
(Rahayu ES, Utami T, Mariyatun M, Hasan PN, Kamil RZ, Setyawan RH., 2019).
JlaHi pe3yJbTaTH BiJNOBIJIAIOTh TAKOX IHIIUM pOOOTaM, MPOBEJACHUM Yy JIAHOMY
perioHi, aje cymnepedarb JOCHIIKCHHIO, YK€ TMPOBEACHOMY B MICBKOMY
perioHi /[)xakapTu, XapuyBaHHS B SKOMY XapaKTEpU3YEThCS BUCOKUM BMICTOM
OlIKka Ta KUPIB TBAPUHHOTO TOXO/KeHHs. [lomiOHI pe3ynbTaTu MiAKPECIIOThH
poJib reorpadiyHOTO PErioHy Ta OCOOJMBOCTI JIOKAJIBHOTO XapyyBaHHS Y
dbopmyBanHi npodimro KM Ta acorifioBanux 3axBoproBaHb, 30kpema HAXKXII Ta
OKUPIHHSL.

31 cBOro OOKy JOCHIJKEHHS B YKpaiHCBKIM momyssuii oomexeHi. Huska
JIOCIIJIKEHb ~ BUSBWJIA OUIBIIY PO3MOBCIOJKEHICTh CHHIAPOMY HAJAMIPHOTO
OaktepianbHOoro pocry y xBopux Ha HAXXII, ame BoHM 0OMEXyBalIHCh
MeIIaTpUYHOI0  TomyJsimiero abo He BuU3HAyaiaud OCHOBHI ¢imotunu KM
(Stepanov YM, Zavhorodnia NY, Yagmur VB, Lukianenko OY, Zygalo EV.
2019). VYV 2017 poui Komsga O. y cBoeMy IOCHIDKEHHI, TPUCBIYCHOMY
BU3HAYCHHIO OCHOBHUX ¢inotumie KM y XBopuX Ha OXHUpPIHHS, II0Ka3aB
NpOrpecuBHE 30LIBIICHHS BiHOCHOro BMicTy Firmicutes Ha T 3HYOKEHHS
KimpkocTi  ¢inoTumy Bacteroidetesy wmipy 36imemenns IMT  (Koliada A,
Syzenko G, Moseiko V, Budovska L. 2017). Takox mnpu 3poctandi IMT
crocTepiraiochk  30UThIIeHHS  chiBBigHOmEeHHs  Firmicutes/Bacteroidetes
(BII = 1.23, 95 % JI 1,09-1,38), sixe OyJs10 BipOTiIHUM HABITh MICIIs MOMPABKHU Ha
BiK, CTaTh, KypiHHA Ta ¢i3nydy aktuBHicTs (BIL =1.33,95% /Il 1,11-1,60).
Binnocuumii BMicT Actinobacteria 3anuimascst HuU3pkuM y Beix rpynax IMT.

OTtxe, MONpU HasBHI JTOCHIKEHHS, MPUCBAYEHI BU3HA4YeHHIO poiii KM, a

came ii ocHoBHUX (Qimotumi: Firmicutes Ta Bacteroidetes, y possurky HAXXII



Ta OXHUPIHHA, iX PE3YJbTaTH € CYNEPCWIMBUMU Ta TOTPEOYIOTh YTOYHEHHS,
0COONMMBO B YKpaiHCBKIM  momyisamii.  3aJMIIAEThCd  HEBU3HAYCHHUM
natodi310J0TIUHUM KacKaJl Mpo3anajbHUX Ta MpopIOPOTHUHUX 3MiH, SKUN
noeauye 3MiHu KM Ta Ttpamumiitni ynaankn HAXKXII 1 sxuit Moxke 3amydaru
MOPYIISHHS PEryIsATOpHUX MoJiekyl — MikpoPHK-122 ta -34a.

VY Ham 4Yac akTyaJbHOIO € PO3poOKa ajlropuTMy paHHBOI JI1arHOCTUKH
¢16po3y y xBopux Ha HAXXII Ha T/l OXUpIHHS Ta HAJJIUIIKOBOI Bar, 3
ypaxyBaHHSM €KOHOMIYHO €()eKTUBHHX 1 BIATBOPIOBAaHUX HEIHBA3UBHUX METOJIB.

Takum anHOM, MeTa pOOOTH — ONITUMI3AIlS PAaHHBOI AIarHOCTUKH (i0pO3y Y
xBopux Ha HAXKXII Ha Tl 0KUpIHHS Ta HAJJIMIIKOBOI Bard LUISIXOM BUBYEHHS
ocobmuBoCcTel  cmiBBiAHOIICHHS ¢igotumiB  Firmicutes/Bacteroidetes KM,
MOJIEKYJIIpHO-TeHeTUYHUX 4YMHHUKIB: MIKpoPHK-122, mikpoPHK-34a, a Ttakox
npo3ananbHux MapkepiB: BUCPII ta ®HIT-anbda.

Jlns mocsiTHEHHS 3ariaHoBaHO1 MeTH O0yio oocTesxkeHno 140 marieHTiB, cepen
AKUX OCHOBHY rpyny ckiamu 120 xBopux Ha HAXXII (B ycim xBopux Oyio
BUKJIFOYEHO 1HIINI (PAKTOPU PO3BUTKY BTOPUHHOTO CTEATO3y NEYIHKKA) Ha Tl
oxupigHs -1 crymenis (IMT > 30,0-39,9 kr/mM?) abo Ha/UIMIIKOBOI Baru
(IMT > 25,0-29,9 kr/m?): 59 wonogikiB (49,2 %) Ta 61 (50,8 %) xinky. Memiana
Ta IHTEPKBapTWIbHUK po3max Biky xBopux Ha HAXXII B ocHOBHIi# rpyti
ckianamu 48,5 [40,00; 59,00] poxkie. ['pynu Maiu pelUPOKHHUEA PO3MOILT 32 BIKOM
ta ctatTio (p > 0,05).

VY koHTpoNbHY Tpyny BBiMnM 20 MpakTHYHO 3I0POBHX TOOPOBOJIBIIB i3
HopMasbHOIO Macoro Tima (IMT 18,5-24,9 kr/M?) 0e3 KIIHIYHO 3HAYYIIUX
MOpyIIeHh 3 OOKy CHCTEMU OpraHiB TPaBJICHHS Ta O3HAK CTEATO3y IMEHIHKU:
8 wonogikiB (40 %) Ta 12 xiHok (60 %). MeniaHa Ta IHTEPKBapTUIBHUN pO3Max
BiKy ooctexenux ckianmu 46,30 [35,00; 56,00] poxkis.

[Tamientn ocHoBHOI Tpynu (n = 120) Oynum po3aineHi HA ABI MATPYNH B
3anexHocTi Big IMT. V I miarpyny ysidinum xBopi Ha HAXXII 13 cymyTHiM

oxkupinaam (I-III cryneni), mo 3a kinbkicTio ckiano 85 xBopux (70,83 % Bin



ycix obctexkenux), a 1o Il miarpynu Oyno BkimtoueHo 35 xBopux Ha HAXKXII ta
HaATMIIKOBY Bary (29,17 % Big ycix 00CTeXEHUX).

BignmoBigHo 10 cXeMu JOCHIIKCHHS TMPOBEACHUN aHalli3 Cy0’€KTHBHHUX
ckapr xBopux Ha HAXKXII mokasas, 1mo O11bIII BUpa)KeHA KJTIHIYHA CHMITTOMATHKA
croctepiraack y xBopux Ha HAXXII Ha Tl CymyTHBOTO OXHUPIHHS, HIXK Y
XBOPUX 13 HAJJIMIIKOBOK Barow. Y XBopux [ miarpynu HaOUIbII YacTUMH
Cy0’€KTMBHUMH CKapramMd OyJau 3HIDKEHHS TOJIEPAHTHOCTI A0  (Di3UYHUX
HaBaHTaxeHb (80 %), BaXKicTh y mpaBomy miapedep’i (72 %) Ta acTeHIUHUU
cuaapoM (64 %). Y cBoro depry mpu HasBHOCTI HAJUIMIIKOBOI BarW BUIIE3raIaHi
IPOSBH 3YCTPIidaIMCh i3 MeHImow dactororo (23 %, 34 % Tta 23 %, BiAMOBIIHO,
p <0,05).

[ToTpiOHO 3ayBaxuTH, 110 AJ14 JociiKyBaHux xBopux Ha HAJKXII e Oyna
xapakTepHa Hygota. Tak, y | miarpymi ckapru Ha HyA0Ty Oy BUSBIICHI JIUIIE B
11 %, a B Il Oynm BimcyTHI 30BCIM Ta Majd CTaTUCTUYHO 3HAUYIIMMA XapakTep
(KXII, x* = 4,006359, df = 1, p < 0,45). [epioxuunnii 6inb y mpaBomy miapedep’i
cnocrepirases B 25 % xBopux I miarpynu, y Toil yac jist xgopux I miarpynu ne
6yno 30BciM He xapaxrtepuo (KXII, y°=7,90446, df=1, p<0,01). IposiBu
nucnerncuyHoro cuaapomy ckianu 39 % B [ miarpymi ta 43 % B 11, ripkorta B poTi
cnoctepiranach y 18 % y I miarpymi ta 6 % y Il miarpymi.

[lin yac aHami3yBaHHS aHTPOINOMETPUYHMX TOKA3HUKIB Yy XBOPUX Ha
HAXXII na T oxupinHs cnocrepiranuchk Biporigai  (p <0,01) 3wmiHu:
30uemenHss IMT y 1,55 pa3u, o6'em Ttamii (OT)— y 1,56 pasiB, o0'eM crTeron
(OC)— y 121 pazi, OT/OC—- y 1,28 pa3iB Ta ckJamy Tijda— 3pOCTaHHS
% xupoBoi TkanuHu (KT) y 1,43 pa3u, 9% Bicuepansnoro xupy (BX)- vy
4,75 pa3iB Ha Tl 3HMKEHHS % ckeneTHoi Myckynarypu (CkM) y 1,19 pasis, 1o
CBIJIYMTH MPO NEepeBaKaHHS a0A0MiHATLHOTO TUITy po3noainy KT.

Jlana tenneHis croctepiranack 1 y xBopux Ha HAXKXII ta napmmkoBy
Bary (p <0,01): 36inbmenns IMT y 1,19 pazu, OT y 1,32 pa3u, OC y 1,09 pa3u
(p<0,01) Ta OT/OC y 1,21 pasu (p <0,01) Ta cknaay tiza — 3poctanus % KT y
1,04 pa3u, % BXK —y 3 pa3iB Ha 11 3umxkenHsa % CkM y 1,06 pasis.



[Tin yac anamizyBaHHS O10XIMIYHHX TIOKa3HHMKIB BHUSBIECHO (OpMyBaHHS
PE3UCTEHTHOCTI 10 1HCYJiHY: 3pOCTaHHs KOHIEHTpauii iHcymHy — y 1,83 pasu y
xBopux Ha HAMXXII na 111 oxupinnas ta y 1,52 pasu y xBopux Ha HAXXII Ta
HaJNIMIIKOBY Bary, iHaekcy HOMA — y 2,17 pasu y [ miarpyni ta y 1,62 pasu y
IT miarpymi. Kpim Toro, 3minu merabomiudoro mnpoduno xBopux Ha HAKXII
CYyNpPOBO/DKYBAJIMUCh ~ TOPYIIEHHSAMH  JIIIJHOTO  OOMiHY:  30UIbIICHHIM
CHUPOBATKOBOI KOHIIEHTpallll XOJECTepUHY JIMOMPOTEIAIB HU3BKOI MIIIHHOCTI
(XC JIITHI) y 1,80 pa3u y xBopux Ha HAXKXII Ha 111 oxxupinusg tTa 'y 1,65 pazu y
xBopux Ha HAXKXII Ta HagmmikoBy Bary, a TakoX OUIbII BUPaXKECHUMH 3MiHAMU
(GyHKLIOHATBHOTO cTaHy mnediHku: y xBopux Ha HAXXII Ha 1o oxXupiHHS
KOHIIeHTpallisi acnaptataminoTpancdepasu (ACT) migBumryBanace y 1,15 pasu,
ananiHamiHoTpancdepazu (AJIT) — y 1,66 pa3u, a ramariyTaMuUITpaHCIIENTUAA3U
(ITTII)— y 1,3 pa3u, tomi sk y xBopux Ha HAXXII Ta HammumkoBy Bary
nigBuIyBanacs juine koHentpaiist AJIT y 1,2 pa3u.

3minn  ckmany KM y xBopux Ha HAXXII xapakrepusyBaiuch
HiBUIICHHSIM BIiIHOCHOrO BMicTy Firmicutes: maHuii MOKa3sHHK y XBOpHX 13
CYIyTHIM O>HpIHHS 30uIblyBaBca y 1,78 pa3u Ta HaJJIMIIKOBOIO Barorw — y
1,72 pasu. Kopensauiiinuii aHami3 Iokas3aB, [0 BimHocHuME Bwmict Firmicutes
3pocrae BianosigHo 10 % BX (r=+0,74, p=0,01 Ta r=+0,70, p=0,01,
BianoBigHo) Ta % CkM (y XBopuX i3 HajmiikoBor Barowo r =-0,47, p =0,03).
Kpim Toro, y xBopux Ha HAXKXII O6ys0 BU3HAY€HO 3HUKEHHS BITHOCHOTO BMICTY
Bacteroidetes: y xBopux i3 cynmyTHIM OXUpPiHHSIM Ha 53,91 % 1 HaIMIIIKOBOIO
Baroro — Ha 45,66 %, mo kopemoBano 3 % BX (r=-0,48, p=0,01 ta r=-0,49,
p = 0,003, BIJITIOBIJTHO). Po3paxyHKoBUl =~ TIOKa3HMK  CITIBBIJHOIIICHHS
Firmicutes/Bacteroidetes Takox 30inbmryBaBcst y xBopux Ha HAXKXII y 5,7 pasis
MIPU HAIBHOCTI CYMYTHHOTO OXKHMPIHHS, @ Y XBOPHUX 13 HAJIJIMIIIKOBOIO Barorw — y
4,3 pazu. Haii6inpm 3nauymi 3mian KM Oynu acomiiioBaHi 3 0COOIHMBOCTSMHU
kiaiHigHoro mepebiry HAJXKXII: 30impmienHs Firmicutes Oyno BHSBIEHO mpH
dbopmyBaHHI Cy0’€KTUBHUX CKapr Ha mopymieHHs nedexamii (H = 6,66, p < 0,01;) 1

nucnencuydl  sieumma (H =4,80, p =0,028); 3MeHIIEHHS BiIHOCHOTO BMICTY



Bacteroidetes na T 36inbiieHHs criiBBigHOmEHHs Firmicutes/Bacteroidetes — mpu
nopymenasax aedexarii (H = 10,58; p < 0,01 Ta H=26,91; p < 0,01, BiamosiaHo).

JocnipkeHHsT mpo3anajibHUX Ta NpodiOpOTHYHUX MapKepiB y XBOPUX Ha
HAXXII BusBuno minBuimieHHs piBHs  MikpoPHK-122  mnpu  nHasBHOCTI
HajuikoBoi Baru y 40 pasiB (p<0,01), a npu cynyTHbOMY OXHUPIHHI — Y
39,09 pasie (p <0,01), sxi 3amexanmu Bim cramii ¢ibposy (H =6,16; p =0,46);
30inbmiennss piBHA MikpoPHK-34a y 6,20 pasu ta y 6,40 pa3u, BiANOBITHO
(p<0,01); BuCPII— y 3,23 Ta 4,87 pazu, BignoBigHo (p <0,01). 30iunbIIeHHS
piBass  MikpoPHK-122  Oyno acomiiioBane 3 0COOMMBOCTSMHU  KIIIHIYHOI
CUMIITOMATHKA — CyO €KTHBHUM BITYYTTSAM 3HIDKCHHSIM TOJICPAHTHOCTI [0
¢Gi3nyHUX HaBaHTaxeHb (3a Kkputepiem Manna-Yithi; U = 364,50; p <0,01),
OoseM Ta BaxkicTio y npaBomy miapedep’i (U =355,00; p<0,01; Ta U = 509,50;
p =0,029, BiAMOBIAHO), KOHIEHTpAIl€l0 3arajipHOro OUTIpYyOIHy (I = +0,27;
p=0,0136) ta #oro ¢pakiiii — npsMuM Ta HenpssMum OutipyGinom (I = +0,23;
p=0,0358 Tta r=+0,24; p=0,0170, BiAMOBIZHO); a TaKOX 13
ylIbTpacoHOTrpadiyHUMU poO3MiIpaMu TI€YIHKHA, a camMe TOBIIMHOK JIBOi JOJIi
(r=+0,27; p=0,0120). ¥ xBopux Ha HAXXII Ha TIi OXHpIiHHS 30iTBIICHHS
piBas MikpoPHK-34a mnoB’s3aHe 31 3HIKEHHSIM TOJICPAHTHOCTI 10 (HI3UYHHX
HaBaHtaxenb (U =288,00; p <0,01), 6onem y mpaBomy miapedep’i (U = 416,00;
p<0,01, BigmoBimHO), a Takoxk HamaMipHUM po3ButkoM % XT (r=+0,37;
p =0,02).

VY xBopux Ha HAXXII 3MiHu npo3anaibHUX Ta Tpo(iOpOTUUHUX MapKepiB
Oynu acomiioBani 31 3mMiHamMu KM: wmikpoPHK-122 31 chiBBiAHOIIEHHSIM
Firmicutes/Bacteroidetes (y xBopux i3 cymyTHiM oxupinasm = 0,27; p =0,0117
Ta Ha/MIIKoBo Barot I =0,56; p =0,0003) Ta Bacteroidetes (y xBopux i3
HajumimkoBoo Baroro I =-0,34; p=0,043); mixkpoPHK-34a xopemoBano i3
Bacteroidetes (y xBopux i3 HammuiikoBoro Barow I =-0,44; p=0,0086) Tta
cmiBBigHOIIEHHAM Firmicutes/Bacteroidetes (r = 0,38; p = 0,0231).

BusnaueHo nmomatkoBi miarHocthuHi Mapkepu — % BIXK, cupoBatkoBi

KOHLIeHTpalii npo3anaibHux mapkepiB BuCPII ta ®HII-anbda, piHiB MikpoPHK-



122 ta -34a B tuta3mi KpoBi, a Takox cmiBBigHOmeHHsT Firmicutes/Bacteroidetes.
3a J0TMOMOTOX0 BUKOPUCTAHHS METOIY XapaKTePUCTUIHUX KPUBHUX JJIS KOKHOTO 3
JIIarHOCTUYHUX KpUTepliB Oynm po3paxoBani ixHi cut-off value, sxi ms
cupoBatkoBoi konmeHtpamii BUCPIl ckmamamm — 4,5 wmr/m (AUC = 0,99,
gytiauBicTh 1,00, cienudiunicts 0,030; p < 0,05); 111 cCMpOBATKOBOI KOHIIEHTpAITIi
OHII-aneda — 5,5 nr/ma (AUC = 0,97, aytausicts 0,98, crneuudiunicts 0,025;
p <0,05); mns pias mikpoPHK-122 — 12,50 B.o. (AUC = 0,99, uytnusicts 0,98,
cnenudiunicte  0,048; p<0,05); nna piBas MikpoPHK-34a— 5,50 B.o.
(AUC = 0,98, gyrtmusicts 0,98, cnemudiunicts 0,106; p <0,05); mua % BX
cxiaamam 8,5 % (AUC = 0,99, gyrtmusicts 1,00, crienudivnicts 0,175; p < 0,05);
U criBBigHOMmIEHHS ocHOBHUX ¢igotunie KM Firmicutes/Bacteroidetes — 1,51
(AUC = 0,95, aytmusicts 0,83, cnerudiunicts 0,021; p < 0,05).

Ha mincraBi BHU3HAYEHMX MapKepiB CTBOPEHUN aJTOPUTM  PaHHBOI
niarHocTuku Gi6po3y y xBopux Ha HAXKXII Ha T 0XHMpIHHS Ta HaJIUIIKOBOT
Macu TUIa, SIKMM CKJIaJaeTbcs 3 4 MOCTYNOBHX eTamiB. s KOXXHOTO 3 HHUX
BUJIJICHA HU3Ka 3HAYYIIUX JIarHOCTHYHHUX (PAKTOPIB Ta HaBEJCHI 3HAYCHHS iXHIX
cut-off value. Etam I Bkirodae iHTepB’10BaHHS XBOPOTO 3 O3HAKAMU TeMaTomnaTii 3a
JAHUMHU yJIbTPa3BykoBoi miarHoctuku (Y3Jl) 3 MeToo BU3HAYEHHSA CKapr Ta
AHAMHECTUYHUX JaHWUX I8 BHUKJIIOYEHHS €TIOJNOTTYHUX (HaKTOpPIB BTOPUHHOI
XKUPOBOi AMCTpodli TEe’iHKK Ta OOOB’S3KOBE OO0 €KTUBHE OOCTEXKEHHS 3
NEePKYyCIHHUM/TIAJILIIATOPHUM ~ BU3HAYEHHSIM  PO3MIPIB  TEYIHKH, a TaKoX
aHTPOMOMETPUYHUX IMOKA3HUKIB Ta CKJIAAy TUIa 32 JAHUMH O101MIIEJaHCOMETPI:
% BIXX. Ha II erani xBopoMy peKOMEHJOBaHO BM3HAUYEHHSI MapKepiB LIUTOMI3Y, a
came AJIT Ta ITTII. Etan III Bxiroyae Bu3HAYEHHS META0OMIYHUX Ta
npo3ananbHuX napamerpis: iHAekcy HOMA; 3aransHoro xosecrepuny (3XC) Ta
XC JHIHIL; BaCPIT ta ®HII-anbda. 3aBepmanpauii [V eTan BkIIOYae OIIHKY
TeHETHYHHUX Ta Ol0JIOTIYHMX YMHHUKIB: BU3HAaYeHHs OCHOBHUX (umotumniB KM Ta
piBast MikpoPHK-122 ta mikpoPHK-34a.

BukopuctanHs anropuTMy A03BOJISIE TUIIXOM IOETAITHOTO OOCTEXKEHHS

npoBecTd ckpuHiHT XxBopux Ha HAXKXII Ta 111 0XKUpiHHSA 1 HAAJTUIIKOBOI Baru, a



TaKO’)X BU3HAUUTH XBOpHX 13 (10p0o30M, HaBITh HA pPaHHIX CTaAisX, CBOEYACHO
npU3HAuYUTH €(QEKTUBHI CXEMH JIIKyBaHHS, SKI BKJIIOYAIOTh KOPEKLIID 00pasy
KUTTS Ta  MEIMKAaMEHTO3HY  IHTEPBEHINIO, 3amoOIirTd  MPOTrPeCcyBaHHIO
3aXBOPIOBAHHS Ta PO3BUTKY YCKIAIHEHb, IO AacOIifOBaHI 3 TOKpaIICHHIM
COILIIOEKOHOMIYHUX HACIIIKIB.

Bnepmie B ykpaiHCBhKIM MOMmyJsiii BHU3HA4YeHI 0OcCOOJMBOCTI ckiamxy KM
y xBopux Ha HAJKXII Ha T:11 0KUpiHHA Ta HAJAJIMIIKOBOI Baru, BUSBJICHHUM 3B’ SI30K
MDK BigHOCHUM BMicToM KM Ta iHImMMH mpo3anajbHUMHU W MpodiOpOTHIHUMU
Mapkepamu, 30kpema piBHeM MikpoPHK-122 ta -34a B mma3mi KpoBi, JoBeneHa
JOLIIBHICTh 1X BHKOPHUCTAHHA B JIarHOCTHMYHUX IUISIX, IO OOIPYHTOBYE iXHIO
MPaKTUYHY 3HAYYIIICTh Ta PO3POOJIECHO AITOPUTM PaHHBOI M1arHOCTUKU (PiOpo3y
JUTSL TAHOT TPYIH XBOPHUX.

Knrouosi cnosa: neankorosiabHa KMpoBa XBOpoOa neyiHku, $hi0po3, KUIIKOBa

Mikpobiota, MikpoPHK-122, mikpoPHK-34a.
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phylotypes of gut microbiota and markers of inflammation".

The thesis for a scientific degree of the candidate of medical sciences (doctor
of philosophy) on a specialty 14.01.02 — internal diseases.— Government
Institution «L. T. Malaya Therapy National Institute of the National Academy of
Medical Sciences of Ukraine» 2021.

Defence of a thesis will take place in the specialized scientific council of the
Government Institution «L. T. Malaya Therapy National Institute of the National
Academy of Medical Sciences of Ukraine», Kharkiv, 2022.

The work is devoted to the study of diagnostic possibilities of non-invasive
biomarkers in patients with non-alcoholic fatty liver disease (NAFLD) on the
background of obesity and overweight and development based on the obtained data
of the diagnostic algorithm for early diagnosis of fibrosis.

In this paper, the possibility of using non-invasive indicators — the relative
composition of the main phylotypes of gut microbiota (GM), serum concentrations
of pro-inflammatory markers highly sensitive C-reactive protein (CRP), tumour
necrosis factor alpha (TNF-alpha), levels of microRNA-122 (miR-122) and
microRNA-34a (miR-34a) for the diagnosis of early fibrosis in patients with
NAFLD depending on body mass index (BMI).

Against the background of the steady trend of increasing prevalence of
overweight and visceral obesity, there is the increase in the incidence of NAFLD,
which is becoming one of the most common causes of liver disease worldwide and
in Ukraine in particular (Fadieienko G., Gridnyev O., Kushnir I., 2021). The
increase in the prevalence of NAFLD contributes to the significant increase in
complications such as hepatocellular carcinoma and hepatic failure, leading to
increased mortality and hospitalization of patients with cirrhosis complications
(Kumar R, Priyadarshi RN, Anand U., 2020).



The key issue in the management of patients with NAFLD is the timely
diagnosis of fibrosis at the early stage, because the stage of fibrosis is the most
important factor that correlates with the course of the disease both in the reverse
direction and in the direction of progression with an increase in mortality in this
group of patients.

The issue of identifying those patients who require closer monitoring,
targeted lifestyle adjustments, treatment of components of the metabolic syndrome
and, if necessary, medical treatment remains unresolved (ldalsoaga F,
Kulkarni AV, Mousa OY, Arrese M, Arab JP, 2020).

According to modern ideas about the pathogenetic links in the development
of NAFLD, which are generalized by the theory of "multiple strokes", one of the
important mechanisms contributing to the development of fatty liver disease,
progression of pro-inflammatory changes and fibrogenesis is a disorder in GM
(Aron-Wisnewsky J, Vigliotti C, Witjes J, Le P, Holleboom AG, Verheij J., 2020).
In particular, the research by Raman et al., showed that in patients with NAFLD
and concomitant obesity in comparison with non-obese patients there is an increase
in bacteria of Firmicutes phylotype (Raman M, Ahmedl, Gillevet PM,
Probert CS. 2013). On the other hand, the results obtained by Jiang et al., showed
the absence of statistically significant changes in the composition of GM in
patients with NAFLD compared with the control group (Jiang W, Wu N, Wang X,
ChiY, Zhang Y, Qiu X, 2015). But in the paper of Jasirwan COM etal. the
prevalence of the bacterial pool of Firmicutes compared to Bacteroidetes was
found at the phylotype level, but at the genus level the number of Bacteroides
bacteria (14.43 %) exceeded Prevotella (9.14 %), emphasizing that Bacteroides
dominated other genera of Firmicutes phylotype (Jasirwan COM, Muradi A,
Hasan I, Simadibrata M, Rinaldi 1., 2021).

It should be noted that most of the researches came from the Asian region. In
particular, Rahayu et al. determined the features of the microbial profile of young
Indonesians and showed the increase in microbial representatives of the genera

Clostridium, Prevotella, Atopobium, Bifidobacterium and Bacteroides



(Rahayu ES, Utami T, Mariyatun M, Hasan PN, Kamil RZ, Setyawan RH., 2019).
These results are consistent with other studies in the region, but are in conflict with
the study conducted in Jakarta's urban region, which has the food high in protein
and animal fats. Such results emphasize the role of the geographical region and the
peculiarities of local nutrition in the formation of the profile of GM and associated
diseases, including NAFLD and obesity.

In turn, research in Ukrainian population is limited. A number of studies
have found the higher prevalence of bacterial overgrowth syndrome in patients
with NAFLD,but were limited to the paediatric population, or did not determine
the main phylotypes of GM (Stepanov YM, Zavhorodnia NY, Yagmur VB,
Lukianenko OY, Zygalo EV. 2019). In 2017, Kolyada O. in his study on the
determination of the main phylotypes of GM in obese patients, showed the
progressive increase in the relative content of Firmicutes against the background of
the decrease in the number of Bacteroidetes phylotype with increasing BMI
(Koliada A, Syzenko G, Moseiko V, Budovska L. 2017). Also, with increasing
BMI, there was the increase in the Firmicutes/Bacteroidetes ratio (OR = 1.23,
95 % CI 1.09-1.38), which was likely even after adjusting for age, sex, smoking
and physical activity (OR =1.33, 95% CI 1.11-1.60). The relative content of
Actinobacteria remained low in all BMI groups.

Thus, despite the available research on the role of GM, namely its main
phylotypes: Firmicutes and Bacteroidetes, in the development of NAFLD and
obesity, their results are contradictory and need to be clarified, especially in
Ukrainian population. The pathophysiological cascade of pro-inflammatory and
profibrotic changes, which combines changes in GM and traditional factors of
NAFLD, and which may involve violations of regulatory molecules — miR-122
and miR-34a, remains unclear.

Today it is important to develop the algorithm for early diagnosis of fibrosis
in patients with NAFLD on the background of obesity and overweight, taking into

account cost-effective and reproducible non-invasive methods.



Thus, the aim of the work was to optimize the early diagnosis of fibrosis in
NAFLD patients with obesity and overweight by studying the ratio of
Firmicutes/Bacteroidetes phylotypes of GM, molecular genetic factors: miR-122,
miR-34a, as well as pro-inflammatory markers: CRP and TNF-alpha.

To achieve the planned goal, 140 patients were examined, among which the
main group consisted of 120 patients with NAFLD (all patients were excluded
from other factors of secondary hepatic steatosis) on the background of obesity of
I-IIT degrees (BMI >30.0-39.9 kg/m?) or overweight (BMI > 25.0-29.9 kg/m?):
59 men (49.2 %) and 61 (50.8 %) women. The median and interquartile range of
age of patients with NAFLD in the main group was 48.5 [40.00; 59.00] years. The
groups had the reciprocal distribution by age and sex (p > 0.05).

The control group included 20 healthy volunteers with normal body weight
(BMI 18.5-24.9 kg/m?) without clinically significant disorders of the digestive
system and signs of hepatic steatosis: 8 men (40 %) and 12 women (60 %). The
median and interquartile range of the age of the subjects was 46.30 [35.00; 56.00]
years.

Patients in the main group (n=120) were divided into two subgroups
depending on BMI. The first subgroup included patients with NAFLD with
concomitant obesity (I-III degrees), which amounted to 85 patients (70.83 % of all
surveyed), and the second subgroup included 35 patients with NAFLD and
overweight (29.17 % of all surveyed).

According to the study scheme, the analysis of subjective complaints of
patients with NAFLD showed that more pronounced clinical symptoms were
observed in patients with NAFLD against the background of concomitant obesity
than in overweight patients. In patients of the first subgroup, the most frequent
subjective complaints were decreased tolerance to physical activity (80 %),
heaviness in the right hypochondrium (72 %) and asthenic syndrome (64 %). In
turn, in the presence of excess weight, the above manifestations were less common
(23 %, 34 % and 23 %, respectively, p < 0.05).



It should be noted that the studied patients with NAFLD were not have
nausea. Thus, in the first subgroup complaints of nausea were found in only 11 %,
and in the second subgroup were completely absent and were statistically
significant (chi-square, y* = 4.006359, df = 1, p < 0.45). Periodic pain in the right
hypochondrium was observed in 25 % of patients of the first subgroup, while for
patients of the second subgroup it was not typical (chi-square,y? = 7.90446, df = 1,
p <0.01). Manifestations of dyspeptic syndrome were 39 % in the first subgroup
and 43 % in the second subgroup, bitterness in the mouth was observed in 18 % in
the first subgroup and 6 % in the second subgroup.

During analysis of anthropometric indicators in patients with NAFLD on the
background of obesity, probable (p <0.01) changes were observed: the increase in
BMI of 1.55 times, waist circumference (WC)— 1.56 times, hip circumference
(HC) — 1.21 times, waist-to-hip ratio (WHR) — 1.28 times; and body composition —
an increase of % adipose tissue (AT) in 1.43times, % visceral fat (VF) -
4.75 times against the background of a decrease in % of skeletal muscle (SkM) in
1.19 times, which indicates the predominance of the abdominal type of distribution
of AT.

This trend was also observed in patients with NAFLD and overweight
(p <0.01): increased BMI in 1.19 times, WC in 1.32 times, HC in 1.09 times
(p <0.01) and WHR in 1.21 times (p < 0.01); and body composition - increase in
% AT in 1.04times, % VF— in 3 times against decrease in % of SKM in
1.06 times.

During analysis of biochemical parameters revealed the formation of insulin
resistance: the increase in insulin concentration — 1.83 times in patients with
NAFLD on the background of obesity and 1.52 times in patients with NAFLD and
overweight, HOMA index — 2.17 times in the first subgroup and 1.62 times in the
second subgroup. In addition, changes in the metabolic profile of patients with
NAFLD were accompanied by disorders of lipid metabolism: increased serum
concentration of low-density lipoprotein cholesterol (LDL-C) in 1.80 times in
patients with NAFLD on the background of obesity and in 1.65 times in patients



with NAFLD and overweight, as well as more pronounced changes in liver
function: in patients with NAFLD on the background of obesity, the concentration
of aspartate aminotransferase = (AST) increased 1.15times, alanine
aminotransferase (ALT) - 1.66times, and gamma-glutamyl transpeptidase
(GGT) — 1.3 times, while in patients with NAFLD and overweight increased only
the concentration of ALT 1.2 times.

Changes in the composition of GM in patients with NAFLD were
characterized by the increase in the relative content of Firmicutes: this figure in
patients with concomitant obesity increased by 1.78 times and overweight — by
1.72 times. Correlation analysis showed that the relative content of Firmicutes
increases according to % VF (r=+0.74, p=0.01 and r=+0.70, p=0.01,
respectively) and % of SkM (in patients with excess weight r =-0.47, p =0.03). In
addition, the decrease in the relative content of Bacteroidetes was found in patients
with NAFLD: in patients with concomitant obesity by 53.91 % and overweight —
by 45.66 %, which correlated with the % VF (r=-0.48, p=0, 01 and r =-0.49,
p =0.003, respectively). The estimated Firmicutes/Bacteroidetes ratio also
increased by 5.7 times in patients with NAFLD with concomitant obesity, and by
4.3 times in overweight patients. The most significant changes in GM were
associated with features of the clinical course of NAFLD: the increase in
Firmicutes was found in the formation of subjective complaints of defecation
disorders (H = 6.66, p < 0.01;) and dyspepsia (H = 4.80, p = 0.028); decrease in the
relative content of Bacteroidetes against the background of the increase in the ratio
of Firmicutes/Bacteroidetes — in disorders of defecation (H = 10.58; p < 0.01 and
H =26.91; p <0.01, respectively).

The study of pro-inflammatory and profibrotic markers in patients with
NAFLD revealed the increase in serum level of miR-122 in the presence of excess
weight by 40times (p<0.01), and in concomitant obesity —by 39.09 times
(p <0.01), which depended on the stage of fibrosis (H = 6.16; p = 0.46); increase
level miR-34a by 6.20 times and 6.40 times, respectively (p <0.01); CRP - 3.23

and 4.87 times, respectively (p <0.01). The increase level miR-122 levels was



associated with the features of clinical symptoms — the subjective feeling of the
decrease in exercise tolerance (according to the Mann-Whitney test; U = 364.50;
p <0.01), pain and heaviness in the right hypochondrium (U = 355, 00, p < 0.01,
and U =509.50; p=0.029, respectively), the concentration of total bilirubin
(r=+0.27; p=0.0136) and its fractions — direct and indirect bilirubin (r = +0.23,
p=0.0358 and r=+0.24, p=0.0170, respectively); as well as with
ultrasonographic dimensions of the liver, namely the thickness of the left lobe
(r=+0.27; p=0.0120); at the same time, in patients with NAFLD against the
background of obesity, the increase level of miR-34a is associated with the
decrease in exercise tolerance (U =288.00; p<0.01), pain in the right
hypochondrium (U =416.00; p<0.01, respectively), as well as excessive
development of % AT (r = +0.37; p = 0.02).

In patients with NAFLD, changes in pro-inflammatory and profibrotic
markers were associated with changes in GM: miR-122 with
Firmicutes/Bacteroidetes ratio (in patients with concomitant obesity r =0.27,
p =0.0117 and overweight r = 0.56; p = 0.0003) and Bacteroidetes (in overweight
patients r=-0.34; p=0.043); miR-34a correlated with Bacteroidetes (in
overweight patients r =-0.44; p =0.0086) and the Firmicutes/Bacteroidetes ratio
(r=0.38; p =0.0231).

Additional diagnostic markers — % VF, serum concentrations of pro-
inflammatory markers CRP and TNF-alpha, levels of miR-122 and -34a in blood
plasma, as well as the ratio Firmicutes/Bacteroidetes were determined. Using the
method of characteristic curves for each of the diagnostic criteria, their cut-off
value was calculated, which for the serum concentration of CRP was — 4.5 mg/I
(AUC =0.99, sensitivity 1.00, specificity 0.030; p < 0,05); for serum TNF-alpha
concentration — 5.5 pg/ml (AUC =0.97, sensitivity 0.98, specificity 0.025;
p <0.05); for level miR-122 content— 12.50 AU (AUC =0.99, sensitivity 0.98,
specificity 0.048; p <0.05); for level of miR-34a— 5.50 AU (AUC =0.98,
sensitivity 0.98, specificity 0.106; p < 0.05); for the proportion of visceral fat
% VF was 8.5 % (AUC = 0.99, sensitivity 1.00, specificity 0.175;p < 0.05); for the



ratio of the main phylotypes of GM Firmicutes/Bacteroidetes — 1.51 (AUC = 0.95,
sensitivity 0.83, specificity 0.021; p < 0.05).

Based on the identified markers, the algorithm for early diagnosis of fibrosis
in patients with NAFLD on the background of obesity and overweight, which
consists of 4 gradual stages. For each of the stages, a number of significant
diagnostic factors are identified and their cut-off values are given. Stage | includes
interviewing the patient with signs of hepatopathy on ultrasound to determine
complaints and anamnestic data to exclude etiological factors of secondary fatty
liver disease and mandatory objective examination with percussion/palpation to
determine the size of the liver, as well as anthropometric indicators and
composition of body according to bioimpedancemetry: the proportion of visceral
fat. At stage Il, the patient was recommended to determine markers of cytolysis,
namely ALT and GGT. Stage Il includes determination of metabolic and pro-
inflammatory parameters: HOMA index; general cholesterol and LDL cholesterol;
CRP and TNF-alpha. The final stage IV includes the assessment of genetic and
biological factors: determination of the main phylotypes of GM and level of
miR-122 and miR-34a.

The use of the algorithm allows step-by-step screening of patients with
NAFLD and obesity and overweight and identify patients with fibrosis, even in the
early stages, timely prescribe effective treatment regimens that include lifestyle
adjustments and drug therapy, prevent disease progression and development
associated with improving socio-economic consequences.

For the first time in Ukrainian population the features of GM in patients with
NAFLD on the background of obesity and overweight were identified, the
relationship between the relative content of GM and other pro-inflammatory and
profibrotic markers, including serum miR-122 and -34a, for diagnostic purposes,
which justifies their practical significance.

Key words: non-alcoholic fatty liver disease, fibrosis, gut microbiota,
miR-122, miR-34a.



