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State of the gut microbiota in patients with
metabolic-associated fatty liver disease with
type 2 diabetes mellitus

Andriy Dorofeyev!, Mykola Rudenko?, Tetiana Cheverdat

1 Shupyk National Healthcare University of Ukraine,
Kyiv, Ukraine
2 Bogomolets National Medical University, Kyiv, Ukraine

Introduction. One of the frequent complications of the type 2
diabetes mellitus (T2DM) is a metabolic-associated fatty liver
disease (MAFLD). Aim. To study the composition of gut micro-
biota in patients with a combination of T2DM and MAFLD and
to compare it with the microbiota in isolated T2DM and MAFLD.

Methods. 111 patients were studied. The main group consist-
ed of 56 patients with a combination of MAFLD and T2DM; the
1st group included 28 patients with MAFLD and the 2nd - 27
patients with T2DM. The control group consisted of 30 practi-
cally healthy people. Diagnosis was made by steatometry, shear
wave elastography, lactulose H2 breath test, gPCR of feces using
primers targeting the 16S rRNA gene, and stool culture.

Results. In the the main group SIBO was found in 48.2%, in 1st
- 35.7%, in 2nd - 33.3%, compared to 10% in the control group.
When compared with healthy people, the number of “other” mi-
croorganisms significantly increased in the group with isolated
T2DM and Clostridium, Proteus and Candida were cultured; in the

case of isolated MAFLD, a decrease in Bacteroidetes and an increase in the Firmicutes/Bacteroidetes
ratio, as well as an increase in Klebsiella and Clostridium. In the main group, an increase in Actino-
bacteria, “other” microorganisms, a ratio of Firmicutes/Bacteroidetes and a decrease in Bacteroidetes
were found, when cultured - an increase in Clostridium, Klebsiella and Candida.

Conclusions. Only the group of MAFLD with T2DM was characterized by increased Actinobacte-
ria; decreased absolute number of Bifidobacterium and Lactobacillus and increased Escherichia,
including with altered enzymatic properties in the stool culture.

Keywords: Metabolic-associated fatty liver disease, type 2 diabetes mellitus, bacterial over-
growth syndrome, gut microbiota.
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CTaH KMWKOBOI MiKpo6ioTH Yy XBOpUX Ha
MeTaboniyHo acouioBaHy XMPOBY XBOpPOb6y
nediHKM 3 uyKkposummMm giabetom 2 tuny

AHppin Jopodees?!, Mukona PyaeHko?, TeTaHa Yesepaal

1 HayioHasnbHWE yHIBEpCUTET OXOPOHU 310POB’S YKpaiHu IMeHi
1. J1. Wynuka, M. Knuis, YkpaiHa

2 HavuioHanbHwit MeandHuii yHisepcuteTt imeHi O. O. boromosisb-
us, M. Kuis, YkpaiHa

Bctyn. OgHMM i3 4yacTux yckiagHeHb LyKpoBoro agiabety 2
Tnny (U4 2 Tvny) € meTaboniyHo acouinoBaHa xxnposa xBopoba
nediHku (MAXXIT). MeTa. BMBUMTKU CKNaj KMLLKOBOI MiKpo6ioTu
y nauieHTiB i3 noeaHaHHaM L 2 Ta MAXXI Ta nopiBHSATKU noro
3 MikpobioToto Npu i3onboBaHux L 2 Ta MAXXI.

MeTtoan. O6ctexeHo 111 nauieHTiB. OCHOBHY rpyny cknanm 56
nauieHTiB i3 noegHaHHaM MXXXM ta U4 2, oo 1-i rpynu yBinwnm
28 xBopux Ha MAXXII, go 2-i — 27 xBopux Ha U 2. KoHTposib-
Hy rpyny cknanu 30 npakTU4YHO 340poBUX 0Ci6. [diarHOCTMKY
NpoBOAMM 3@ AOMNOMOIroK CTeaToOMeTpii, enacrtorpadii 3cyBHOI
XBwUni, H-2 anxaneHoro Tecty 3 naktynosotw, qPCR kany 3 Bu-
KOPUCTaHHSM NparMepiB, OpiEHTOBAHMX Ha reH 16S pPHK, i no-
ciBy Kany.

PesynbtaTtn. B 0OCHOBHIl rpyni CMHAPOM HaAMLIKOBOro 6akTe-
pianbHoro pocty (CHBP) BusiBneHo y 48,2 %, y 1-in - 35,7 %,
y 2-1h = 33,3 % npotn 10 % y KOHTPONbHIM rpyni. MNMpu nopis-
HSAHHI 3i 340pOoBMMM, B rpyni 3 i3onboBaHmM L2 A0CTOBIpHO
36inblleHa KiNbKIiCTb <«iHLWWX>» MiKpOOpraHiaMmis, a npu noci-
Bi - Clostridium, Proteus i Candida; npw i3onboBaHin MAXXI
3HMXeEHHS1 Bacteroidetes Ta 36inblleHHa CnNiBBIAHOLWEHHS
Firmicutes/Bacteroidetes, a Takox 36inbweHHs Klebsiella Ta
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[Ao3Bin komicii 3 nuTaHb 6ioeTnkm: npoto-
KON AOCNIAXEHHS CXBasIeHO KOMICIE 3 Nun-
TaHb €TUKM HauioHanbHOro yHiBepcuUTeTy
OXOPOHW 340p0oB’A YkpaiHu imeHi M. J1. Wy-
nuka , npotokon N2 5 Big 02.03.2020 p. Yci
naujieHTn nignucanu iHopMoBaHi 3roau.

®diHaHCYBaHHS: aBTOPW HE OTPUMaJIM XOA-
HOI diHaHCOBOI MiATPUMKM CBOro Aochni-
LKEHHS.
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Clostridium. B ocHOBHin rpyni -36inblweHHsa Actinobacteria, «iHWMX» MiKpoOOpraHi3Mmis, cCniBBigHO-
WweHHs Firmicutes/Bacteroidetes i 3HMXeHHs Bacteroidetes, npu nocisi - 36inbweHHs Clostridium,

Klebsiella i Candida.

BucHoBKMW. TinlbkK ANa rpynu XBOpux 3 noegHaHHaMm MAXXI ta UA2 6yno xapakTepHe niaBu-
WweHHa dinn Actinobacteria, a npu nociBi — 3HWXeHHSA abcontoTHOI KinbkocTi Bifidobacterium,
Lactobacillus Ta 36inbweHHs Escherichia, y T.4 i3 3MIHEHUMU PEPMEHTATUBHUMWN BNACTUBOCTAMMU.

Knroyosi cnoBa: MmeTaboniyHo acouiioBaHa Xu1poBa XxBopoba nediHku, LykpoBui aiabet 2 tuny,
CUHAPOM HaANULLKOBOro 6akTepianbHOro pocTy, KukoBa MikpobioTa.
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Introduction

In our country, about 2.5 million people suf-
fer from T2DM and up to 40,000 people die
from its complications every year. One of the
common complications of diabetes is a non-al-
coholic fatty liver disease (NAFLD), which has
recently been given a more pathogenetically
sound name - MAFLD [1,2]. It was found that
70% of patients with diabetes have similar liv-
er damage [3]. Although it is noted that MA-
FLD is a broader concept than NAFLD and has
a more severe course, covering a wide range
of patients [4]. It should be emphasized that
MAFLD/NAFLD combines several variants of
liver damage: simple steatosis (accumulation
of more than 5% fat in hepatocytes) and ste-
atohepatitis (development of inflammation and
necrosis of hepatocytes), and MAFLD/NAFLD
can lead to fibrosis, cirrhosis of the liver and
hepatocellular carcinoma [5,6,7]. In addition,
the accession of MAFLD leads to a deteriora-
tion in the psychological state of patients and
doubles the frequency of hospitalizations com-
pared to isolated diabetes mellitus [8].

It is known that metabolic diseases that lead
to the development of fatty liver disease and
diabetes mellitus, are associated with chang-
es in the composition of intestinal microbio-
ta [9,10]. However, all these studies did not
identify separate cohorts of patients with and
without diabetes mellitus, so there is still no
clear idea of the gut microbiota’s contribution
to liver damage in diabetes mellitus [11]. It
is also necessary to consider national charac-
teristics of the gut microbiota, which depend
on the nutrition and polymorphism of genes
responsible for the interaction of the intestinal
wall and microbiota, which differ in Ukraine
and Europe, Asia and America. Therefore, the
aim of our research was to study the compo-
sition of gut microbiota in patients with T2DM
and MAFLD in residents of the capital region
(who generally represent the Ukrainian popu-
lation), as well as compare them with patients
with T2DM without liver damage and patients
with MAFLD without diabetes mellitus.

Materials and Methods

The work was performed at the Department
of Therapy of Shupyk National University of
Health of Ukraine. The study was approved by
the Bioethics Committee of Shupyk National
University of Health of Ukraine. Patients were
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included in the study voluntarily and were re-
quired to sign an informed consent, which in-
dicated the goals and objectives of the study,
as well as the opportunity to terminate partic-
ipation at any time.

We observed 111 patients (63 males and 48
females) aged 19 to 75. The main group con-
sisted of 56 patients (31 males/25 females)
with a combination of MAFLD and T2DM; the
1st comparison group included 28 patients (17
males/11 females) with MAFLD without diabe-
tes, and the 2nd comparison group included
27 patients (15 males/12 females) with T2DM
without MAFLD. The control group consisted of
30 practically healthy people (18 males/12 fe-
males) aged 19 to 59 who showed no signs of
T2DM and MAFLD during the survey. Criteria
for inclusion in the study were the presence
of T2DM and/or MAFLD, age over 18 and con-
sent to be included in the study. The exclusion
criteria were the detection of viral, toxic, al-
coholic, and drug-induced hepatitis and liver
cirrhosis.

The diagnosis of T2DM was made based on
generally accepted criteria of the American
Diabetes Association [12]. The diagnosis of
MAFLD was made in combination with T2DM,
and in patients of 1st group - with obesity
and/or metabolic syndrome and sonographic
signs of steatosis in steatometry. Steatohepa-
titis was exhibited with additional detection of
markers of cytolysis. All patients underwent
sonographic examination on a Soneus P7 Ul-
trasign, which necessarily included steatome-
try and shear wave elastography. The severity
of steatosis and liver fibrosis was assessed ac-
cording to the recommendations of the World
Federation for Ultrasound in Medicine and Bi-
ology [13].

Clinical and laboratory parameters of the ex-
amined patients are presented in Table 2.

A lactulose hydrogen breath test using the
Micro H2 apparatus (Micro, UK) was used to
detect small intestinal bacterial overgrowth
(SIBO). The choice in favor of lactulose rath-
er than glucose test was made taking into
account 2 groups of patients with T2DM. The
test was performed according to standard
methods. The increase in hydrogen concen-
tration (H2) in the first 60 minutes by 20



Mpaui HTW MeanyHi Hayku
2022, Tom 69, N2 2 ISSN 2708-8634 (print)

Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua
ISSN 2708-8642 (online) 2022, Vol. 69, 2

OpuriHanbHi 4OCAIAXEHHS: KNIHIYHI HayKWn

BcTtyn

Y Hawin kpaiHi 6nn3bko 2,5 MinbloHIB noaen
xBoOpi€ Ha L2 i Biag Moro ycknagHeHb LLOPOKY
nommpae no 40 Tncsy xsopux. OQHMM i3 YacTmx
yCKnagHeHb AiabeTy € HeasnlkorosibHa XMpoBa
xBopoba neuviHkn (HAXXIM), aka HewonaBHO
oTpuMana 6inblW naToreHeTM4YHo obrpyHTOBa-
Hy Ha3By - MAXXM [1,2]. BcrtaHoBneHo, Lo
y 70% xBopux Ha U2 3ycTpivyaerbcs noaib-
He ypa)eHHs nediHku [3]. Xoya 3a3Ha4va€eTb-
cs, wo MAXXI € 6inbl WMPOKNUM MOHATTSM,
Hi>k HAXKXTT i Bigpi3HSAETbCA BiNblU TAXKMM Ne-
pebirom, OXOnJilKYM BENMKE KOO MNaLiEHTIB
[4]. Cnig nigkpecnutn, wo MAXXM/HAXXM
MOEAHYE KisibKa BapiaHTIB ypaXXeHHSA MediHKu:
NpoCTUI cTeaTo3 (HaKoNMYeHHs B renatoumTax
6inbwe 5% xunpy) i cteatorenatnt (po3BUTOK
3ananeHHs Ta HEKPO3Y renaTtouuTiB), a Hacnig-
kamMu MAXXM/HAXXIM mMoxyTb 6yTn @ibpos,
LMPO3 NeYiHKM i renatouentonsipHa KapunHoma
[5,6,7]. Ao Toro x, npueaHaHHa MAXXI npu-
3BOAUTb A0 MOTipLIEHHS NCUXOOriYHOro CTaHy
nauieHTiB i BABIYI 36inbly€e YyacToTy rocnitani-
3auin nopiBHSHO 3 i3osboBaHuM LUA2 [ 8]

BigomMo, Wwo MeTabonidyHi 3axBOPIHOBAHHS, L0
Npu3BoAATb A0 PO3BUTKY >XWMPOBOI XBOpobM
neviHku, y 7.4. U2 nos’sa3aHi 3i 3MiHOIO ckna-
Ay knuwkosoi Mikpobiotu [9,10]. OgHak y BCiX
UMX OOCNIAXEHHAX HE BUAINANN OKPEMIi Korop-
T xBopux 3 U2 i 6e3 giabety, TOMYy A0Ci He-
Ma€ 4YiTKOro ysBJ/IEHHHA MNPO BHECOK KMULUKOBOI
MiKpo6ioT B MOLWKOAXEHHS nediHku npu LA2
[11]. Takox cnia BpaxoByBaTW HaLUiOHaNbHI
0CO6MBOCTI KMLWIKOBOI MikpobioTn, wo 3ane-
XXaTb Bi XapakKTepy XapyyBaHHS Ta nosnimMop-
@di3My reHis, SKi BigNoBigaloTb 3@ B3AEMOAIO
KMLWKOBOI CTiHKM 3 Mikpob6ioTotl, LWo Bigpi3-
HATbCA B YKpaiHi Ta KpaiHax €sponu, Asii
Ta AMepuku, Ae nNpoBoaAMNMCa NoaibHi gocni-
LXKeHHs. ToMy MeTO Halworo AOoCNiAXeHHs
6y10 BUBYEHHS Y XXUTESIB CTO/IMYHOIO PErioHY
(sKi 3aranom BigobpaxkatoTb YKpaiHCbKYy nony-
NSAUI0) CKNaay KULWKOBOI MiKpo6ioTK Yy XBOPUX
Ha UA2 ta MAXXI, a TakoX NOPIBHAHHSA 3 Mi-
KpobioToto y nauieHTiB Ha L2 6e3 ypaxeHHs
nediHkM Ta y xBopux 3 MAXXI 6e3 piabeTty.

MaTepianu Ta meToamn

PoboTta BMkoHaHa Ha kadeapi Tepanii HauioHanb-
HOrO YHIBEPCUTETY OXOPOHW 340POB’A YKpaiHu
imeHi M.J1. Wynwuka. JocnigkeHHa cxBaseHo Ko-
MiTEeTOM 3 6ioeTukn HauioHanbHOro yHiBepcuTeTy
OXOpOHW 340p0oB’a YKpaiuu imMeHi M. J1. LWWynuka.
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MauieHT 3anyyanucb y AOCNIOXEHHS [06po-
BiNbHO Ta 060B'A3kOBO NianucyBann opMy iH-
dopmMoBaHoOi 3roamn, y sikui 6ynu BKasaHi MeTa,
3aBAaHHSA Ta MOro eTanu, a TakoX MOXMBICTb Y
6yAb-SKUI Yac 3aBEpLUMNTM YYaCTb Y AOCAIAKEHHI.

Mig HawmM cnocTepexeHHaM nepebysano 111
nauieHTiB (63 4onoBikn Ta 48 XiHOK) BIKOM Bif
19 po 75 pokiB. B ocHOBHin rpyni — 56 xBo-
pux (31 4vonoBik Ta 25 XiHOK) i3 MOEAHAHHAM
MAXXMN Ta UA2; y nepwin rpyni NOpiBHAHHSA
6yno 28 nauieHTiB (17 yonosikis Ta 11 XiHOK) i3
MAXXI 6e3 giabety, a y apyrin — 27 nauieHTiB
(15 yonosikie Ta 12 xiHOK) i3 L2 6e3 »xnpoBoi
XBOpPO6U MediHKW. B AKOCTi KOHTPONBLHOI rpynu
6yno obcrexxeHo 30 NpakTUYHO 340POBUX JHO-
nen (18 vonosikiB Ta 12 xiHok) y Biui Big 19
[0 59 pokiB, y SKKMX Nig 4Yac obcTexeHHsa 6ynu
BiACYTHI o3Hakm U2 Ta MAXXI. Kputepismu
BKJTIOUEHHS Y AOCAIAXKEHHS 6yNn HasBHICTb npu
obctexxeHHi L2 Ta/abo MAXXI, Bik cTapwe 18
poKiB Ta 3roga Ha NpoBeAeHHS AOCNIIXEHHS.
KputepissMn BUKNOUEHHA 6yn0 BUSBNEHHS Bi-
PYCHMX, TOKCUYHUX, aNKOrosibHUX, MeANKaMeH-
TO3HMX renaTuTiB Ta LMpPO3Yy NeYiHKW.

HiarHo3 LU 2 cTtaBuian Ha nigcTtaBi 3aranbHO-
NPUNHATUX KpuTepiiB AMepukaHcbkoi [iabeTo-
noriyHoi Acouiauii [12]. AiarHo3 MAXXI Bu-
CTaBNsaAn npuv noegHanHi UA2, a y xsopux 1-1
rpynu - 0XupiHHA Ta/abo MeTabonivyHOro CuH-
ApOoMY Ta coHorpadivyHMX 03HaK CTeaTo3y npu
cteaToMeTpii. CTeaTorenaTuT BuM3Ha4vaam npu
[OOATKOBOMY BUABJIEHHI MapKepiB LMTONI3Y.
BciM xBOpMM nNpoBOAUSIOCS COHorpadiyHe ao-
cnigkeHHs Ha anaparti Soneus P7 Ultrasign,
wo o60B’A3KOBO BKJIOYANO CTeaToOMeTpito i
enacrorpadito 3CyBHOI XBwii. BupaxeHicTb
cTeaTo3y Ta (ibpo3y neviHkM ouiHlOBanNmu 3rig-
HO 3 pekomeHpauigsmun World Federation for
Ultrasound in Medicine and Biology [13].

Kniniko-nabopaTopHi NOKa3HUKM 06CTEXEHUX
XBOpUX NpeacTaBsieHi y Tabnuui 2.

[ns ouiHKM CMHAPOMY HaanuMwKoBoro 6akTepi-
anbHoro pocty (CHBEP) 6yB BMKOpPUCTAHUI nak-
TYNO3HUM H2-AnXanbHUI TECT 3 BUKOPUCTAHHSAM
anapaty «Micro H2»(Micro, BennkobputaHis).
Bnbip Ha KOPUCTb NaKTy/N03HOro, a He rKOo3-
Horo Tecty 6yno 3pobneHo 3 ypaxyBaHHAM 2-X
rpyn xsopux Ha U2. TecT npoBOAMBCS 3a CTaH-
OApPTHOK MeToAUKOW. [O3NTUBHUM BBaxanocs
36inblweHHa KoHUeHTpauii BogHio (H2) y nepuui
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ppm compared to baseline was considered
positive. The percentage of the main phy-
lotypes of microorganisms was determined
by a polymerase chain reaction of the 16S
rRNA gene using universal primers and prim-
ers specific to Firmicutes, Actinobacteria and
Bacteroidetes. Other microorganisms meant
representatives of the gut microbiome that
do not belong to Firmicutes, Actinobacteria
and Bacteroidetes phylotypes. Firmicutes/
Bacteroidetes (F/B) ratio was also calculated.
The quantity and quality of DNA were mea-
sured by NanoDrop ND-8000 (Thermo Scien-
tific, USA). The primer structure is shown in
Table 1.

Table 1

The structure of primers to determine
the composition of the main phylotypes
of gut microbiota

Original research: Clinical sciences

For a more detailed study of gut microbiota, all
patients underwent stool culture of feces. The
percentage of patients with a positive culture
result for each microorganism was calculated.
Statistical analysis was performed using Office
Excel 2016 (Microsoft, Redmond, Washington,
USA) and Statistics-12 (StatSoft). The stu-
dent’s t-test was used for parametric analysis
and Mann-Whitney U-test for nonparametric
analysis. The criterion x2 was used to com-
pare qualitative indicators.

Results

As can be seen from Table 2, patients in the
main group did not differ significantly from the
control group in terms of age, sex, and total bil-
irubin (p> 0.05). It is natural that when com-
pared with patients without diabetes, the main
group had a significantly higher level of HbAlc,
and when compared with patients with T2DM

Enterotypes The structure of primers without liver damage, higher indicators of cytol-
Pdetes | CDO6TR GOTAMGGTTCLTCOCOTAT (roverse) | Y515 (P <0.001) and steatometry (p <0, 05) and
Actinobac- |  Act920F3 TACGGCCGCAAGGCTA (direct) elastography (p <0.001) were observed.
teria Act1200R TCRTCCCCACCTTCCTCCG (reverse) . . .
o tee | 928F-Firm TGAAACTYAAAGGAATTGACG (direct) We found an increased number of small intesti-
1040FirmR ACCATGCACCACCTGTC (reverse) nal microflora according to the lactulose hydro-
Universal | 926F AAACTCAAAKGAATTGACGG (direct) gen bre_ath test, as compared w_ith the contrpl
1062R CTCACRRCACGAGCTGAC (reverse) group, in all three groups of patients. Thus, in
patients from the main group, the frequency
Table 2
Clinical and laboratory parameters of patients
Indices Main group (n = 56) | 1st group (n = 28) | 2nd group (n = 27) | Control group (n = 30)
Age, (years) 49,2+3,8 45,8+4,2 51,5+4,4 45,1%4,0
Gender, male/female(%) 55,4/44,6 60,7/39,3 55,6/44,4 60/40
BMI (kg/m 2) 31,4+1,8% 33,9+2,2 30,7£1,9 24,8+0,9
OT/0S 1,33+0,11% 1,4740,10 1,18+0,09 0,73+0,07
AK, (dB/cm) 2,61+0,34%@ 2,68+0,31 1,83+0,19 1,65+0,15
MLS (kPa) 7,35+0,67*e@ 6,99+0.72 4,62+0,41 3,27+0,35
HbA1c (%) 8,36+0,38%s 4,52+0,24 8,17+0,32 4,15+0,26
AlAt, (Ed/I) 45,743,600 48,2+3,1 36,3+2,4 34,3+2,5
AsAt, (Ed/I) 39,5+2,7*@e 41,3+2,8 27,842,1 29,1+2,3
Total bilirubin (mkmol/!) 15,4+1,7 14,9+1,4 13,2+1,1 12,8+0,8
Cholesterol (mmol / 1) 6,23+0,51* 6,79+0,64 5,33%0,49 4,01%0,36
TG (mmol / 1) 3,15+0,25* 3,2+0,30 3,11+0,22 2,43+0,19

BMI - body mass index, WC/TV - waist circumference/thigh volume, AK - attenuation coefficient, MLS - mean liver
stiffness, AIAt - alanine aminotransferase, HbAlc - glycated hemoglobin, AsAt - aspartate aminotransferase, TG -

triglycerides

Note: *

$ — p<0,05 - significant differences with 1st group;
@ - p<0,05 - significant differences with the 2nd group;
@@ — p<0.001 with the 2nd group.
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- p<0,05 - significant differences compared with the control group;




Mpaui HTL MeanyHi Hayku
2022, Tom 69, N2 2 ISSN 2708-8634 (print)

Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua
ISSN 2708-8642 (online) 2022, Vol. 69, 2

OpuriHanbHi 4OCAIAXEHHS: KNIHIYHI HayKWn

60 xBu1NKMH Ha 20 ppm MNOpiBHAHO 3 BUXiAHWM piB-
HeM. BigcoTkoBe cCniBBiAHOLLEHHS OCHOBHUX i-
N0TUNIB MiKpOOPraHi3mMiB BMBYasl0Cb 3a AOMNOMO-
roo nosliMepasHoi NaHLUIroBol peakuii reHa 16S
pPHK 3 BUKOpUCTaHHSAM yHiBepcanbHUX NpanMe-
piB Ta nparimMepis, cneumdiyHmx ana Firmicutes,
Actinobacteria Ta Bacteroidetes. Mia «iHWKUMN»
MiKpoopraHiaMaMm Manuca Ha yBasi npeacras-
HUKW KULLIKOBOro MikpobioMy, WO He BigHO-
catbes po dinotunie Firmicutes, Actinobacteria
Ta Bacteroidetes. Takox obuuncniosanu cnis-
BiAHOWeEHHS  Firmicutes/Bacteroidetes (F/B).
Kinbkicte Ta gakictb AHK ouiHtoBanu NanoDrop
ND-8000 (Thermo Scientific, CLUA). CTpykTypa
npanmepis HaBegeHa y Tabnuui 1.

Tabanys 1

CTpyKTypa npaimMepiB Asis BU3SHAUYEHHSA
CKJ1afly OCHOBHUX (pisIoTUMNIB KULUKOBOI

Original research: Clinical sciences

Ons  peTtanbHIWoro BMBYEHHA TOBCTOKMLLKO-
BOI MiKpOo10pn BCiM XBOPWUM MPOBOAMIN MOCIB
kany. lMiapaxoByBann BiACOTOK MauiEHTIB 3 Mo-
3UTUBHUM pe3ySIbTaTOM BUCIBAHHSA KOXHOIO Mi-
KpoopraHismy. CTaTUCTUYHWUI aHani3 NpoBOAMB-
cs1 3a gonomoroto Office Excel 2016 (Kopnopauis
Microsoft, PeamoHa, BawwuHrtoH, CLUA) Ta Cra-
Tnctnka-12 (StatSoft). [nsa napameTpuyHOro
aHanisy BukopucroByBanu t-kputepin CTbloaeH-
Ta, a AN HenapameTpuyHoro U-kputepin MaH-
Ha-YiTHI. [na nopiBHAHHA SAKICHMX MOKa3HMKIB
3aCTOCOBYBABCS KpUTepin x2.

Pe3synbTatn

Sk BMAHO 3 Tabnuui 2, XBOpi OCHOBHOI rpynu
[OCTOBIpHO He BIAPISHANUCA Big KOHTPOSbHOI
rpynu 3a BiKOM, CTaTTO Ta pPiBHEM 3arasibHOro
6inipybiHy (p>0,05). LlinkoM 3aKOHOMIpHO, L0
NopiBHAHO 3 nauieHTamn 6e3 fgiabeTy, B OCHOB-
Hi rpyni 6yB A4OCTOBIpHO 6iNbLl BUCOKWNI piBEHb

Mikpocnopu HbA1lc, a nopiBHSHO 3 xBOpMMMK Ha L2 6e3 ypa-
E*T'LiF;O' CTpyKTypa npaiiMepis YKEHHS NEeYiHKN BUSBMANCS Binblu BUCOKI MOKas-
Bacte- | 7980bF AAACTCAAAKGAATTGACGG (npmiii) HUKW LUNTONI3Y (p<0,001}'{ a TakoX cTeaTomeTpii
roidetes | cfb967R GGTAAGGTTCCTCGCGTAT (380pOTHIl) (p<0,05) Ta enacrorpadii (p<0,001).
Actino- |  Act920F3 TACGGCCGCAAGGCTA (npsimuit)
bacteria | Act1200R TCRTCCCCACCTTCCTCCG (3BOPOTHii) 36inblUeHHs  KifIbKOCTI  TOHKOKMLUKOBOI  Mi-
Firmic- | 928F-Firm TGAAACTYAAAGGAATTGACG (MpsiMuii) Kpodnopy 3a AaHnMm H2- nakTyno3Horo Au-
utes 1040FirmR ACCATGCACCACCTGTC (3BOpOTHil) XaNbHOIo TEeCTy nopiBHﬂHo 3 KOHTPOJIbHOO
Univer- | 926F AAACTCAAAKGAATTGACGG (npsiMuit) rpynoto 6yno BUSABNEHO HaMu y BCiX TPbOX rpy-
sal 1062R CTCACRRCACGAGCTGAC (380poTHilt) nax XBopux. Y XBOPUX OCHOBHOI rPynu YacToTa
Tabanys 2
KniHiko-na6opaTopHi NOKa3sHMKMX Nnaui€eHTIB
OcHoBHa rpyna 1-a rpyna 2-a rpyna KoHTposnbHa rpyna
fokasHukm (n = 56p)y (n =p2ys) (n =p2y7) F()n = 30)py
Bik, (pokis) 49,2+3,8 45,8+4,2 51,5+4,4 45,1+4,0
CraTb, 40onoBikn/XiHkK (%) 55,4/44,6 60,7/39,3 55,6/44,4 60/40
IMT (kr/m 2) 31,4+1,8% 33,9+2,2 30,7+1,9 24,8+0,9
0T/0C 1,33+0,11% 1,47+0,10 1,18+0,09 0,73%0,07
K3, (dB/cm) 2,61+0,34%@ 2,68+0,31 1,83+0,19 1,65+0,15
CXn (kPa) 7,35+0,67*e@ 6,99+0.72 4,62+0,41 3,27+0,35
HbA1c (%) 8,36+0,38%*s 4,52+0,24 8,17%0,32 4,15+0,26
AnAT, (Oa/n) 45,7+3,6*00@ 48,2+3,1 36,3+2,4 34,3+2,5
AcAT, (Oa/n) 39,5+2,7*e@ 41,3+2,8 27,8+2,1 29,1+2,3
Binipy6iH 3aranbHuii (MKMOb/N) 15,4+1,7 14,9+1,4 13,2+1,1 12,8+0,8
XonecTtepuH (MMonb/n) 6,23+0,51* 6,79+0,64 5,33+0,49 4,01+0,36
Tr (MMonb/n) 3,15+0,25* 3,2+0,30 3,11+0,22 2,43%0,19

IMT- iHgekc macu Tina, OT/OC- obcar Tanii/obcsar cteroH, K3- koediuieHT 3aracaHHs, CXKIM- cepeaHs XOPCTKICTb NEYiHKM,
AnAT- anaHiHamiHoTpaHcdepasa, HbAlc- rnikoBaHuit remornobiH, ACAT- acnapTtaTtamiHoTpaHcdepasa, TI- Tpurniuepmnam.

MpumiTka:
$- p<0,05 3 1-t0 rpynoto;
@- p<0,05 3 2-t0 rpynoto;
@@- p<0,001 3 2-10 rpynoto.

*- p<0,05 nopiBHAHO 3 KOHTPOJILHOW FPYMot0;
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of SIBO detection was 48.2% (27 patients), in
the first group it was 35.7% (10 patients), and
in the 2nd group - 33.3% (9 patients), while
in the control group it was 10% (3 patients).
The criterion x2 in the main group, compared
with the control group, was 12.56 g <0.001;
as compared with patients with isolated MAFLD
X2 = 1.18 p> 0.05 and compared with patients
with T2DM x2 = 1.64 p> 0.05.

When analyzing the percentage of the main phy-
lotypes of gut microorganisms, we obtained the
following results (Table 3):

phylotypes of fecal microorganisms

100%
-
80%

70%

Main 1st group 2nd group Control

EFirmicutes ®Bacteriodetes ®Actinobacteria ™ Others

Figure 1. The main phylotypes of fecal microorganisms
in the study groups (%)

As can be seen from Table 3 and Fig. 1, in the
main group of patients, compared with healthy
patients, a significant increase in the number of
phylotypes of Actinobacteria and other micro-
organisms was detected, as well as a decrease
in Bacteroidetes, and an increase in the ratio
of Firmicutes/Bacteroidetes. When compared
with the 1st group, a significant increase in
the number of microorganisms of Actinobacte-
ria phylotype was found, and when compared
with the 2nd group, we identified increased Ac-
tinobacteria, decreased Bacteroidetes and in-

Original research: Clinical sciences

creased Firmicutes/Bacteroidetes ratio. At the
same time, in 1st group, a significant decrease
in the number of Bacteroidetes and an increase
in the ratio of Firmicutes/Bacteroidetes was
identified compared with the group of healthy
people. In the second group, we found only a
significant increase in other microorganisms
compared to the control group.

% of positive fecal culture

—
Staphylococeus

Proteus

Klebsiella

]

—

—
s tridiUm
Candida

Enterococcus

- -
IEE—S——Mmmm—————__———y

.|
I ——

Lactobacillus

= Control 2nd group ®1stgroup m=Main

Figure 2. Frequency of positive result of seeding of feces
on microorganisms in the studied groups (%)

As can be seen from the data in Table 4 and Fig. 2,
Clostridium bacteria appeared in all three groups
of patients significantly more often than in the
control group. Microorganisms, such as Klebsi-
ella and fungi of the genus Candida were also
significantly more common in the main group
than in healthy groups. Compared with patients
with isolated MAFLD, the main group had signifi-
cantly less common Clostridium, and compared
with isolated T2DM - Klebsiella was significantly
more. It should be noted that although micro-
organisms, such as Bifidobacterium, Lactobacil-
lus, Escherichia and Enterococcus were shown
in all patients, in the main group, a significant
decrease in the absolute number of Bifidobac-
terium (6,87+0,55 Ig CFU/g vs 8,24%0,27 Ig
CFU/qg), Lactobacillus (5,61%+0,49 Ig CFU/g vs

Table 3
Phylotypes of fecal microorganisms (%) in the studied groups M (IQR)
Type of bacteria Main group (n = 56) 1st group (n = 28) 2nd group (n = 27) | Control group (n = 30)
Firmicutes 42,2 (34,7-1,4) 47,8 (39,9-2,6) 34,8 (26,7-1,5) 36,4 (29,1-42,9)
Bacteroidetes 13,7 *@ (7,9-20,8) 21,1%* (16,7-27,0) 32,4 (24,0-39,4) 41,7 (37,2-45,7)
Actinobacteria 28,6%s@ (21,3-38,1) 19,8 (14,1-21,5) 17,1 (11,6-22,0) 14,1 (9,2-17,8)
«Others» 15,8* (12,5-19,6) 11,2 (8,1-15,3) 15,8* (11,7-20,5) 6,9 (4,4-10,0)
F/B 3,16%%@ (2,37-5,82) 2,26%* (1,90-2,28) 1,06 (0,89-1,17) 0,88 (0,72-1,06)

Note: * - p<0,05-significant differences compared with the control group;

$ - p<0,05 - significant differences with 1st group;

@ - p<0,05 - significant differences with the 2nd group;

F/B - Firmicutes/Bacteroidetes ratio.
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BussneHHs CHBP cknana 48,2% (27 ocib), y
nepwivi rpyni 35,7% (10 oci6), y 2 rpyni 33,3%
(9 ocib), B TOM Yac gK y KOHTpO/bHIN rpyni -
10% (3 ocobun). Kputepin X2 B OCHOBHIN rpyni
Y MOPIBHSAHHI 3 KOHTPOJ/IbHOK rPYynot CTAaHOBUB
12,56 p<0,001; y NOpiBHAHHI i3 XBOPUMMU i30-
nboBaHot MAXXIT x2=1,18 p>0,05, a y no-
piBHAHHI 3 nauieHTamu 3 LUA2 x2=1,64 p>0,05.

[Mpn aHanisi BIiACOTKOBOrO BMIiCTYy OCHOBHMWX

dinoTUNIiB KMLLKOBMX MiKpOOpraHiamisa Mu OT-
pvManun HacTynHi pesynetatm (Tabnuusa 3)

PinoTmnu dpeKanbHUX MiKpPOOPraHiamis

o - - -

60%
50%
40%
30%
20%
10%

0%

Ocrosra rpyna

1-arpyna 2-armpyna Konrpons

m Firmicutes  m Bacteriodetes Actinobacteria  ® IHwi

PucyHok 1. OcHoBHi dinotnnu dekanbHUX MiKpoopraHis-
MiB B gocnigxyBaHux rpynax (%)

Sk BuAHO 3 Tabnuui 3 Ta puc.1, B OCHOBHIW rpyni
rnauieHTiB, NOPIBHAHO 3i 340pPOBMMUN, 3HAXoAu-
NN pocTtoBipHe 36iNblUeHHS KilbKOCTi Mikpoop-
raHiamie dinotunis Actinobacteria Ta «iHWWUX>»
MiKpOOpraHi3miB, 3MeHLeHHS Bacteroidetes, a
TakoxX 36inblUeHHA cniBBigHOWEHHSA Firmicutes/
Bacteroidetes. MNpu 3icTaBneHHi 3 1-10 rpynoto,
B OCHOBHIli rpyni HaMu 3HANMAEHO AOCTOBipHE
36iMbLUEHHS KiNIbKOCTI MiKpoopraHi3mis dinotn-
ny Actinobacteria, a Nnpu 3icTaBneHHi 3 2-10 rpy-
noto - 36inblweHHs Actinobacteria, 3HVXeHHS
Bacteroidetes Ta nigBuMLLEHHSA CNiBBIAHOLEHHS

Original research: Clinical sciences

Firmicutes/Bacteroidetes. ¥ Ton xe 4ac y 1-n
rpyni MW 3HAWLWNM AOCTOBIPHE 3HUXEHHS Kifb-
KOCTi Bacteroidetes Ta nigBuULLEHHSA CNiBBiAHO-
WeHHs Firmicutes/Bacteroidetes nopiBHAHO 3
rpynoto 340poBuX nogen. Y apyrii rpyni Hamum
3HalAEeHOo Nuwe AO0CTOBipHE MiABULLEHHS «iH-
LWKX>» MiIKpOOpraHi3MiB NMOPIBHAHO 3 KOHTPOJIb-
HOO rpynoto.

% NO3UTMBHOTO MociBy Gpekanin

Staphylococcus
Proteus

Klebsiella

Clostridium

Candida

Enterococcus

Escherichia

Lactobacillus

Bifidobacterium

=)

10 20 30 40 50 60 70 80 90 100

mKouTpons m2-arpyna W1arpyna M OCHOBHE rpyna

PucyHok 2. YacTtoTa No3nTUBHOIO pesynbTaTy BUCIBY de-
Kanin Ha MikpoopraHiamMun y gocnigxysaHux rpynax (%)

SK BMAHO 3 HaBeadeHux y Tabnuui 4 Ta puc.2
AaHUX, Y BCIX TPbOX rpynax XBOPUX AOCTOBIPHO
YacTile, HiXX Y KOHTPOJIbHIN, BMUCiBanu Mikpo-
opraHiamu Clostridium. B OCHOBHIA rpyni Ta-
KO>X AOCTOBIpHO YacTille, HiX Y 340p0OBUX, 3y-
CTpidanucsa Taki MikpoopraHiamu sk Klebsiella
i rpubn poay Candida. MNopiBHAHO 3 NaLieHTa-
MU 3 i30/1b0BaHO0 MAXXI, B OCHOBHIN rpyni
AOCTOBipHO pigwe 3Haxoaumnu Clostridium, a
NOpiBHAHO 3 i30/1boBaHuUM L2 - pocToBip-
HO uJacTtiwe Klebsiella. Cnig 3a3HayuTn, WO
X04a TaKi MikpoopraHiamu sk Bifidobacterium,
Lactobacillus, Escherichia Ta Enterococcus
BUCiBanW y BCiX MaAUIEHTIB, B OCHOBHI rpyni
HaMu 3HaNAeHO AOCTOBipHe 3MeHLWweHHs abco-
NIOTHOI KinbkocTi Bifidobacterium (6,87+0,55
Ig KYO/r vs 8,24+0,27 Ig KYO/r), Lactobacillus

Tabavys 3

dinotunu pekanbHUX MikpoopraHiamiB (%) y gocnigxxyBaHux rpynax M(IQR)

1-arpyna (n = 28)

2-arpyna (n=27)

KoHTponb (n = 30)

47,8 (39,9-52,6)

34,8 (26,7-41,5)

36,4 (29,1-42,9)

21,1* (16,7-27,0)

32,4 (24,0-39,4)

41,7 (37,2-45,7)

19,8 (14,1-21,5)

17,1 (11,6-22,0)

14,1 (9,2-17,8)

11,2 (8,1-15,3)

15,8* (11,7-20,5)

6,9 (4,4-10,0)

2,26* (1,90-2,28)

1,06 (0,89-1,17)

0,88 (0,72-1,06)

Tun 6akTepin OcHoBHa rpyna (n = 56)
Firmicutes 42,2 (34,7-51,4)
Bacteroidetes 13,7 *@ (7,9-20,8)
Actinobacteria 28,6*%@ (21,3-38,1)
«IHWI» 15,8* (12,5-19,6)
F/B 3,16*%@ (2,37-5,82)
MpumiTka: *- p<0,05 y NopiBHSAHHI 3 KOHTPO/ILHO FPYO;

$- p<0,05 3 1-t0 rpynoto;
@- p<0,05 3 2-t0 rpynoto;
F/B- cniBBigHOwWeHHA Firmicutes/Bacteroidetes.
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Table 4

Frequency of positive results of cultures of feces on microorganisms (%)
in the studied groups

Bacteria Main group (n = 56) 1st group (n = 28) 2nd group (n = 27) | Control group (n = 30)
Bifidobacterium (%) 100 100 100 100,0
p>0,05
T p,>0,05 p>0,05 p>0,05
p,>0,05
Lactobacillus (%) 100 100 100 100,0
p>0,05
T p,>0,05 p>0,05 p>0,05
p,>0,05
Escherichia (%) 100 100 100 100,0
p>0,05
T p,>0,05 p>0,05 p>0,05
p,>0,05
Enterococcus (%) 100 100 100 100,0
p>0,05
T p,>0,05 p>0,05 p>0,05
p,>0,05
Candida (%) 37,5 17,9 29,6 10
<0,001
T §1=o,002 p>0,05 p<0,001
p,>0,05
Clostridium (%) 25 39,3 25,9 13,3
p=0,031
T p,=0,034 p<0,001 p= 0,021
p,>0,05
Klebsiella (%) 39,3 34,4 22,2 16,7
p<0,001
T p,>0,05 p=0,006 p>0,05
p,=0.01
Proteus (%) 12,5 10,7 18,5 6,7
p>0,05
T p,>0,05 p>0,05 p=0,016
p,>0,05
Staphylococcus (%) 25 18,5 28,6 10
p=0,06
T p,>0,05 p>0,05 p>0,05
p,>0,05

6,93+0,35 Ig CFU/g) and an increase in Esch-
erichia (8,44+0,32 Ig CFU/g vs 7,61%0,24
Ig CFU/g) compared to the control group (p
<0.05) were identified; also, a decrease in Lac-
tobacillus (5,61+0,49 Ig CFU/g vs 7,01£0,41 Ig
CFU/g) and Enterococcus (6,14+0,35 Ig CFU/g
vs 7,20+0,38 Ig CFU/g ) compared to the first
group (p <0.05). In addition, patients in the
main group significantly more often (p <0.05)
than in the control had Escherichia with altered
enzymatic properties - lactase-negative (19,6%
vs 3,3%) and hemolyzing (10,7% vs 0%).

Discussion
According to our study, there are changes in gut
microbiota in all three groups of patients, but

150

there are differences between groups. Thus, in
comparison with healthy people, we found we
found overgrowth of the small intestinal flora. At
the same time, in patients with isolated T2DM
and NAFLD, small intestinal bacterial over-
growth syndrome was detected twice as often
as in healthy people in all groups of patients.
It should be noted that while in DM2, the fre-
quency of SIBO according to the meta-analysis
occurred with almost the same frequency as in
our study, in isolated NAFLD, it was almost 30%
more common than in our patients [14;15]. In
our study, the frequency of SIBO detection in
the case of comorbidity was almost five times
higher than in healthy people. This may mean
the importance of changes in the composition of
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Tabanys 4

YacToTa BUSIBJIEHHSI OKPpeMMX MiKpoopraHi3MmiB y cekanisax (%) y gocnig>kxyBaHuX rpynax

MikpoopraHisam OcHoBHa rpyna (n = 56) | 1-arpyna (n = 28) | 2-arpyna (n = 27) | KoHTponb (n = 30)
Bifidobacterium (%) 100 100 100 100,0
p>0,05
T p,>0,05 p>0,05 p>0,05
p,>0,05
Lactobacillus (%) 100 100 100 100,0
p>0,05
T p,>0,05 p>0,05 p>0,05
p,>0,05
Escherichia (%) 100 100 100 100,0
p>0,05
T p,>0,05 p>0,05 p>0,05
p,>0,05
Enterococcus (%) 100 100 100 100,0
p>0,05
T p,>0,05 p>0,05 p>0,05
p,>0,05
Candida (%) 37,5 17,9 29,6 10
<0,001
T §1=0,002 p>0,05 p<0,001
p,>0,05
Clostridium (%) 25 39,3 25,9 13,3
p=0,031
T p,=0,034 p<0,001 p= 0,021
p,>0,05
Klebsiella (%) 39,3 34,4 22,2 16,7
p<0,001
T p,>0,05 p=0,006 p>0,05
p,=0.01
Proteus (%) 12,5 10,7 18,5 6,7
p>0,05
T p,>0,05 p>0,05 p=0,016
p,>0,05
Staphylococcus (%) 25 18,5 28,6 10
p=0,06
T p,>0,05 p>0,05 p>0,05
p,>0,05
MpumiTKa: p — NOPIBHAHO 3 KOHTPOJIbHOIO rPYroo;
pl- NOpiBHAHO 3 XBOPUMK 1-i rpynu;
p2- NOPIBHSIHO 3 XBOPUMMW 2-i rpynu.
(5,61£0,49 Ig KYO/r vs 6,93+0,35 Ig KYO/r) O6roBopeHHs

Ta 36inbweHHa Escherichia (8,44%+0,32 Ig
KYO/r vs 7,61£0,24 Ig KYO/r), Hixx y ntogen B
KOHTpOANbHI rpyni (p<0,05); a TakoX 3MeH-
weHHa Lactobacillus (5,61+£0,49 Ig KYO/r
vs 7,01+£0,41 Ig KYO/r) Ta Enterococcus
(6,14+0,35 Ig KYO/r vs 7,20+0,38 Ig KYO/r),
nopiBHaHO 3 nepwoto rpynoto (p<0,05). Ao
TOro X, Yy XBOPWUX B OCHOBHIM rpyni AocTto-
BipHO vacTiwe (p<0,05), HiX Yy KOHTPONbHIN,
3ycTpivanucsa Escherichia i3 3mMiHeHUMK dep-
MEHTAaTUBHUMWN BJIACTUBOCTSMMU nakTaso-
HeraTtuBHi (19,6% vs 3,3%) Ta remonisyroui
(10,7% vs 0%).

151

SIK Mokasaso Hale AOoCNiAXEHHS, Y BCiX TPbOX
rpynax XBOpWUX BiA3HAYAOTbCA 3MiHU KULL-
KOBOI MikpobioTn, npoTe MiX rpynamu € Bia-
MiHHOCTI. Tak, y MOpiBHAHHI 3i 340pOBUMHU, Y
BCiX rpynax naui€HTiB MW BUABWUIM HaaMipHe
3pOCTaHHS TOHKOKWLIKOBOI dnopu, npu Ubo-
MY Y XBOpUX i3 i3onboBaHuMn L2 ta MAXXII
CWUHAPOM HAAMLWIKOBOro 6akTepianbHOro poc-
Ty 3ycCTpiyaBcsd BABiYi YacTiwe, HiK Yy 340-
poBux. Cnig 3asHaumTn, WO AKwo npu LA2
yactota CHBP 3a gaHuMu MeTa-aHanisy 3y-
CcTpivyanacsa Marixe 3 TaKOK CaMOK 4acTOTOH
SK Y HalloMy AOCAIAXEHHI, TO NpW i30/1bOBaHIMN
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the small intestinal microbiota in the develop-
ment of MAFLD in T2DM. At the same time, the
composition of colonic microbiota differed not
only from the control group and almost healthy
people but also varied between the groups.

If in comparison with healthy people in the
group with isolated T2DM, we found a signifi-
cant increase in the number of other microor-
ganisms, and in the stool culture of Clostridium,
Proteus and Candida. Reportedly, Clostridium
is a representative of the Firmicutes phylotype
and can metabolize pyruvate with the forma-
tion of short-chain fatty acids (SCFAs), pri-
marily butyrate and ethanol. Proteus is a mi-
croorganism of the Proteobacteria phylotype,
which belonged to other microorganisms in our
study. These organisms can ferment glucose
and synthesize ammonia. Fungi of the genus
Candida belong to the class Saccharomycetes
and, being a representative of the intestinal
microbiota, it is involved in the metabolism of
mono- and disaccharides with the formation
of SCFAs. According to other studies, the fol-
lowing changes in the composition of intesti-
nal microbiota were noted in T2DM. A large
North American study showed a decrease in
the number of SCFAs-producing microflora and
increased endotoxin-producing Gram-negative
flora. At the phylotype level, increased Lentis-
phaerae and decreased Firmicutes, Actinobac-
teria, and Synergistetes were found, and at
the level of individual microorganisms, a de-
crease in Clostridium and an increase in Esche-
richia-Shigella were identified, and changes in
the number of Actinobacteria, Clostridium, and
Escherichia-Shigella were associated with met-
formin use. [16]. Dutch investigation, which
included more than 2 thousand patients, es-
tablished that Clostridiaceae were more com-
mon in patients with T2DM. [17]. At the same
time, in the Finnish study, representatives of
the Clostridium family were found more often
in patients with T2DM. It should be noted that
this study did not include patients who took
metformin, which can affect the composition of
gut microbiota [18]. Thus, in the native popu-
lation of patients with T2DM, representatives of
the Clostridiaceae family are more common in
the colonic microbiota (which may be related
to metformin use).

In isolated MAFLD, we found a decrease in
Bacteroidetes an increased Firmicutes/Bac-
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teroidetes ratio and increased Klebsiella and
Clostridium. Klebsiella is distinguished by its
ability to metabolize glucose and ammonium,
and its cell membrane is a source of lipopoly-
saccharides (LPS). According to the literature,
there is an increase in the phylum Proteobac-
teria and representatives of the genus Esch-
erichia in patients with NAFLD (MAFLD). This
pathology is characterized by an increase in
the number of Gram-negative and a decrease
in  Gram-positive microorganisms [11]. It
is noted that as the degree of liver damage
(fibrosis/cirrhosis) increases in patients with
NAFLD and microbiota changes grow too [19].
Also, in patients with NAFLD, changes in the
gut microbiome and in the number of Can-
dida albicans are found [20]. In a Ukrainian
study, patients with NAFLD had a decreased
number of Lactobacillus spp. and increased
Enterobacter spp./Citrobacter spp., Bacteroi-
des fragilis group with an overall increase in
bacterial mass [10]. The increase in the Fir-
micutes/Bacteroidetes ratio found by us in the
studied population of NAFLD patients is pri-
marily characteristic of obesity and its corre-
sponding metabolic disorders and also has a
positive correlation with the degree of hepatic
steatosis [21; 22]. Growth of Klebsiella and
Clostridium can lead to liver damage by in-
creasing their production of LPS and ethanol.

In patients of the main group with a combina-
tion of T2DM and MAFLD, we found an increase
in Actinobacteria, other microorganisms, and
the ratio of Firmicutes/Bacteroidetes, as well
as a decrease in Bacteroidetes; in the stool cul-
ture - an increase in Clostridium, Klebsiella and
Candida. We also found a decrease in the abso-
lute number of Bifidobacterium and Lactobacil-
lus and an increase in Escherichia; concerning
Escherichia coli, microorganisms with altered
enzymatic properties - lactase-negative and
hemolytic were more frequent than in healthy
people. According to the literature, patients with
a combination of DM2 and NAFLD (MAFLD),
showed a decrease in the number of Firmicutes,
incl. Lactobacilli and an increase in Escherichia
[11]. Thus, the patients with a combination of
DM2 and FAFLD examined by us, in addition to
changes in the gut microbiota characteristic of
diabetes (increased frequency of other micro-
organisms, Clostridium and fungi of the genus
Candida) and MAFLD (decreased Bacteroidetes,
increased Firmicutes/Bacteroidetes ratio and
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HAXXMN manxe Ha 30% 4acTilwe, HiX Yy HalwnX
nauieHTiB [14;15]. YactoTta BussneHHs CHBEP
Nnpu NOEAHaHIM naTosnorii BUsBMNacs y Hawo-
My AOCHIOXEHHI Manxe BM'aTepo BULLOK, HiX
y 340poBuX. Lle MoXe 03HavaTn Bax/nee 3Ha-
YeHHS 3MiHM CKNaAy TOHKOKMULLIKOBOI Mikpobio-
™ y po3Butky MAXXI npn UA2.

Y TOW Xe 4ac ckiag TOBCTOKWULIKOBOI MiKpoO-
6i0TM BIAPI3HABCA HEe TiNbKM BiA4 KOHTPOJIbHOI
rpynu NpakTUYHO 340pOBUX NOAEN, ane n Mix
rpyrnamm 3 naTosiori€to.

[MopiBHAHO 3i 340pOBMMMK, B rpyni 3 i30/1bOBa-
HMM L2 MU 3HaWLWAN [OCTOBipHE 36iNblUeHHS
KiNIbKOCTI «iHLMX>» MiKpOOpraHi3Mis, a npu rno-
cisi -Clostridium, Proteus i Candida. Sk Bigo-
Mo, Clostridium € npeactaBHMKamu dinotuny
Firmicutes i mMalTb 34aTHICTb MeTabonisyBatu
nipyBaT 9K 3 YTBOPEHHAM KOPOTKOJIAHLIOMOBUX
XUpHUX kucnot (KIMXKK) (y nepwy uepry 6y-
Tupaty), Tak i eTaHony. Proteus — Mikpoop-
raHiam oinotuny Proteobacteria, Knii y Ha-
LWOMY [AO0CAIAXEHHI BiAHOCMBCA [0 <«iHLWKNUX»
MiKpoopraHi3mis. Lli opraHiaMu MawTb 34aT-
HiICTb (epMeHTyBaTW [/IIOKO3Y i CUHTEe3yBaTu
amiak. 'pmbu poay Candida BigHOCATbCA [0
knacy Saccharomycetes Ta KK npencTaBHUKMK
KMLWKOBOI Mikpodopn 6epyTb y4yacTb y Me-
Taboniami MOHO- Ta AMcCaxapwuaiB 3 YTBOpPEH-
HaM KJDKK. 3rigHO 3 iHWKWMK AOCNIAXEHHAMM,
npv UA2 Big3Havyanuca HacTyrHi 3MiHM cknaay
KWLWKOBOI MikpobioTn. ¥ Bennkomy niBHiYHOA-
MEPUKAHCbKOMY AOCNIAXEHHI MOKa3aHO 3MeH-
LWEeHHS KibKOCTi Mikpodopu, WO NpoayKye
KKK Ta 36inblwieHHs rpaMHeraTnBHoOiI dnopu,
O NPOAYKYE eHAOTOKCUMHU. Ha piBHi dinoTtun-
nis 6yno 3HaraeHo 36inbweHHs Lentisphaerae
Ta 3MeHLWeHHAa Firmicutes, Actinobacteria Ta
Synergistetes, a Ha piBHI OKpeMnx Mikpoopra-
Hi3MiB 3MeHwWweHHA Clostridium Ta 36inblleHHs
Escherichia-Shigella, npu4omy 3MiHa KinbKo-
cTi Actinobacteria, Clostridium Ta Escherichia-
Shigella acouitoBanacsi 3 NpMMOMoM MeTdOpMi-
Hy [16]. Y HigepnaHACbKOMY AOCAIAXEHHI, WO
BKJItOYano 6inble 2 TMC. nauieHTie, 6yno BCcTa-
HOBJIEHO, WO Y XBOpMX Ha U2 pigwe suasnanm
Clostridiaceae [17]. Y Tol xe yac, Yy diHCbKO-
My JOChifXeHHi y xBopux 3 U2 yacTiwe 3Ha-
XOAWNW npeacTaBHUKIB cimelictea Clostridium.
Cnig 3a3HaynTh, WO A0 UbOro AOCAIAKEHHS He
3aydanucs nauieHTu, aKi npuiMann metdop-
MiH, SIKMIA MOXe BMAMBATM Ha CKJa4 KULLKOBOI
Mikpo6ioTn [18]. TaKMM YMHOM, Yy BITUM3HSAHIN
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nonynsauii xsopux Ha L2 y TOBCTOKMLUKOBIM
Mikpob6ioTi uvacTiwe 3ycTpivyalTbCa npeacTas-
HUKK cimelictBa Clostridiaceae (Wo Moxe 6yTu
nos’sasaHe 3 NPUMNOMOM METPOPMIHY).

Mpw i3onboBaHin MAXXI HaMn BUSBNEHO 3HU-
XeHHS Bacteroidetes Ta 36inbleHHs cniBBig-
HOLWEeHHs Firmicutes/Bacteroidetes, a TaKkoX
36inbweHHs Klebsiella Ta Clostridium. Klebsiella
BiaAHOCUTbLCA Ao dinotuny Proteobacteria (knac
Gammaproteobacteria), y HawoMy AOCAIOXEH-
Hi BiAHECEeHUX [0 <«iHWMX>» MIiKpOOpraHi3Mis.
Klebsiella Biapi3HAOTbCA 3AaTHICTIO MeTabo-
ni3yBaTn rNOKO3Yy Ta aMOHIN, a iXHS KNITUH-
Ha 060N0OHKa € a)XepesioM ninornoJsicaxapuais
(JINC). 3a paHuMu nitepaTypu, Y XBOpUX 3
HAXXM (MAXXI) Big3HayaeTbca 36inbLueH-
Ha &inn Proteobacteria Ta npeAcTaBHUKIB
poaiB Escherichia. OQns ui€i natonorii BBaxa-
€TbCS  XapaKTEPHWM  36iNblUEHHS  KiNbKOCTI
rpaMHeraTMBHUX | 3HMXKEHHS FPaMMO3UTUBHUX
MikpoopraHiamis [11]. 3a3Hayvaerbcs, WO 3i
36iNblUEHHAM CTYMNeHs MOLWKOAXKEHHS MeYiHKn
(ibpo3/umpo3) y xsopmux Ha HAXXI HapocTa-
I0Tb 3MiHW MikpobioTn [19]. Takox y XBOpUX 3
HAXXI 3HaxoaAaTb 3MiHWM KWLLKOBOI Mikobio-
TN Ta Hacamnepep KinbkocTi Candida albicans
[20]. B ykpaiHCbKOMY AOCHIAXEHHI Y XBOPUX
Ha HAXXI 6yno 3HaaAeHO 3HUXEHHS KifIbKOCTi
Lactobacillus spp. Ta 36inbweHHa Enterobacter
spp./Citrobacter spp., Bacteroides fragilis
group npwu 3aranbHoMy 36inblweHHi b6akTepi-
anbHoi Macu [10]. BusaBneHe HaMu y AOCHIAXY-
BaHin nonynauii xsopmx Ha MAXXI 36inbLieH-
HA cniBBigHOWeEHHA Firmicutes/Bacteroidetes
XapakTepHe Hacamrnepes A9 OXWPIHHA Ta
NoB’A3aHnX 3 HUM MeTaboniyHMX NopyLUeHb, a
TaKOX Ma€ MoO3UTUBHY KOpensuito 3i CTyneHeMm
cTeato3y nediHku. [21;22] 36inblueHHs Kifb-
KocTi Klebsiella Ta Clostridium mo)e npu3secTtu
A0 MOLWIKOAXEHHSA MeYiHKM 3@ paxyHoK 36inib-
LWeHHs BupobneHHs HuMmu JIMNC Ta eTaHony.

Y XBOpUX OCHOBHOI rpynu 3 MOEAHAHHAM
La2 ta MAXXMN Hamu 3HangeHo 36inblueH-
HA Actinobacteria, <«iHWWX» MiKPOOPraHi3MmiB,
cniBBigHOWeEHHA  Firmicutes/Bacteroidetes i
3HUXeHHs Bacteroidetes, a npu nocigi - 36inb-
weHHs Clostridium, Klebsiella i Candida. Takox
HaMW 3HAMAEHO 3HMXXEHHS abCOoMTHOI Kinb-
KocTi Bifidobacterium, Lactobacillus Tta 36inb-
WeHHs Escherichia, npnyoMy cepes KULLKOBUX
nasinyokK Yacriwe, HX Yy 340p0OBUX, BUCIBaNnCS
MiKpOOpraHiaMn 3i 3MiHEHUMW epMeHTaTuB-
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Klebsiella and Clostridium seeding frequency,
although to a lesser extent than in isolated FA-
FLD), the following features were noted: in-
creased Actinobacteria phyla, and when sowing,
a decrease in the absolute number of Bifidobac-
terium, Lactobacillus and an increase in Esch-
erichia, including those with altered enzymatic
properties. The indicated changes in the colon-
ic microflora could contribute to liver damage,
both due to a decrease in the synthesis of di-
etary fiber and due to increased production of
LPS, ammonia and ethanol.

Changes we found in the gut microbiota of resi-
dents of the capital region of Ukraine with T2DM
and MAFLD may be associated with genetic
characteristics, dietary habits, as well as the use
of such a hypoglycemic drug as metformin.

In the population of patients with MAFLD that
developed on the background of T2DM that we

Original research: Clinical sciences

studied, changes in the gut microbiota were

found, which are not only similar to changes in

isolated MAFLD and T2DM but also have some
differences.

1.The development of SIBO and increased
frequency of Clostridium seeding was com-
mon in all three groups of patients.

2. Patients of the main group and patients
with T2DM featured an increase in other mi-
croorganisms and fungi of the genus Candi-
da,; patients with isolated MAFLD had a de-
crease in Bacteroidetes and an increase in
the Firmicutes/Bacteroidetes ratio and the
frequency of Klebsiella seeding.

3.0nly the group of patients with a combina-
tion of MAFLD and T2DM was characterized
by increased Actinobacteria, and in the stool
culture — a decrease in the absolute number
of Bifidobacterium, Lactobacillus and an in-
crease in Escherichia, including with altered
enzymatic properties.
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HVMW B/IACTUBOCTAMWM — JlaKTa3OHeraTuBHi Ta
remMonisytodi. 3a AaHUMU liTepaTypu, y XBOpUX
i3 noegHaHHaM L2 ta HAXKXI (MAXXM) Bia-
3HAYa€ETbCHA 3HWXXEHHA KiNbKOCTI Firmicutes, y
T.4. naktobakTepin Ta 36inbweHHa Escherichia
[11]. TakuM 4ymHOM, B OBCTEXEHMX HaMW Na-
Li€EHTIB i3 noegHaHHaM LO2 Tta MAXXII, Kpim
3MiH KMLWKOBOI Mikpob6ioTK, Bnactuemx agiabety
(36iNbLUIEHHS «iHWMX>» MIKpOOpraHi3miB, 4acTo-
Tn Bucisy Clostridium Ta rpubis poay Candida)
Ta MAXXI  (3HmxeHHs Bacteroidetes, nia-
BULLEHHSA CniBBiAHOLLIEHHSA Firmicutes/
Bacteroidetes Ta uactotn BuciBy Klebsiella Ta
Clostridium, xo4a i MeHLIO Mipoto, HiX npwu
i3onboBaHin MAXXI) Bia3Hauyanucs Taki oco-
6nuBoCTi: niaBuweHHs dinn Actinobacteria, a
npu MOCiBi - 3HMXXEHHS abCOMOTHOI KilbKOCTI
Bifidobacterium, Lactobacillus Ta 36inblueHHSs
Escherichia, y T.4. i3 3MiHEHUMUK pbepMeHTATMB-
HVMW BNAaCTUBOCTSAMU. 3a3HauveHi 3MiHM TOBCTO-
KWLWIKOBOI MiKpO(0pWN MOMIN CNPUSTU MOLLKO-
[XKEHHIO MeYiHKM AK 3@ paxXyHOK 3MEHLUEHHS
cnHTe3y KJDXKK, Tak i 3a paxyHoK 36inblueHHs
BupobneHHsa JIMC, amiaky i eTaHony.

3HanAeHi HaMn 3MiHU KULWKOBOi MiKpob6ioTu y
MeLUKaHUiB CTO/IMYHOro perioHy YKpaiHu XBO-
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pux Ha LUA2 ta MAXXI MoxyTb 6yTK noB’sa3aHi
3 reHeTUYHMMU OCOBIMBOCTAMU, XapaKTEPOM
Xap4yyBaHHS, @ TaKOX 3 NPUNOMOM TaKOro Ly-
KPO3HWMXXYBaNbHOro npenapary ik MeThopMiH.

Y BMBUEHI HamMn nonynauii xsopmx 3 MAXXII,

WO po3BMHYyNacsa Ha Thi UA2, 3HanaeHo 3MiHu

KNLIKOBOI Mikp0ob6ioTun, sKi He TinbkKn NoAibHi Ao

3MiH i3onboBaHMx MAXXI ta UA2, ane i ma-

I0Tb HU3KY BiAMIHHOCTEN.

1.CninbHUM Ans BCiX TPbOX rpyn Maui€eHTIB
6yB po3BuUTOK CHBEP Ta 36inblleHHs YyacToTu
Bucisy Clostridium.

2.3aranbH1UM MK XBOPUMW OCHOBHOI Fpynu Ta
nauieHtamm 3 U2 6yno 36inbleHHs iHLWnX»
MikpoopraHiamiB Ta rpubis poay Candida, a 3
nauieHTamMu ionboBaHoi MAXXIT - 3HMXEHHS
Bacteroidetes, niaBULEHHS CMiBBiAHOLLIEHHS
Firmicutes/Bacteroidetes Ta 4acToTu BUCIBY
Klebsiella.

3.Tinbkn Ana rpynu XBOpUX 3 MOEAHAHHAM
MAXXMN Ta UA2 6yno xapakTtepHe nia-
BULWEHHA &inn Actinobacteria, a npun no-
CiBi - 3HWXeHHS abCconTHOI KiNbKOCTI
Bifidobacterium, Lactobacillus Ta 36inbLieH-
Hs Escherichia, y T.4 i3 3MiHEHUMWU hepMeH-
TaTUBHUMWN BNaCTUBOCTAMMU.
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