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ABSTRACT GUT MICROBIOTA METABOLITES CONNECTIONS
Iryna Melnychuk WITH ECHOCARDIOGRAPHY ATRIAL FIBRILLATION
https://orcid.org/0000-0002-0659-1476 CHARACTERISTICS IN PATIENTS WITH CORONARY
ARTERY DISEASE

Internal Medicine Department No. 4,

Bogomolets National Medical The aim: To reveal the connections between gut microbiota

University, Kyiv, Ukraine metabolites and echocardiography (TTE) atrial fibrillation (AF)
characteristics in patients with coronary artery disease (CAD).

Materials and methods: 300 patients were divided into 3
groups: the first group(CAD) — 149 patients with CAD but without
arrhythmias, the second group (CAD+AF) — 124 patients with CAD
and AF paroxysm, and the control group — 27 patients without CAD
and arrhythmias. TTE was done by ALOKA SSD-5000. The level of
trimethylamine (TMA), trimethylamine-N-oxide (TMAO) of
plasma, and fecal short-chain fatty acids (SCFA) levels were
determined by gas chromatography with mass electron detection.
Results: Isocaproic and isobutyric fecal acids appear in group |1

in comparison with CG. In group II, patients’ rise of TMA (16.13%),
TMAO (57.54%) levels, and decreased ratio (26.16%) in comparison
with group I was revealed, P<0.05. In group II patients rise of valeric
(1128.43%) and depletion of butyric (78.75%), isovaleric (43.71%),
caprylic (99.21%) acids, middle chain fatty acids (95.54%), and the
total amount of fecal SCFA (17.09%) in comparison with group |
was found, P<0.05. In group II, patients’ rise in left atrium diameter
(10.03%), left atrium volume (15.40%), and left atrium volume index
(11.48%) in comparison with group | was revealed, P<0.05. The
largest amount of correlations was observed between
echocardiography indexes and TMA (total number = 11), butyric
acid (total number = 10) and TMAO (total number = 9). Left atrium
diameter index, which commonly increased in patients with atrial
fibrillation, was correlated with TMA (r=0.392), TMAO (r=0.333),
butyric acid (r=-0.321), isobutyric acid (r=-0.359) and middle chain
fatty acids (r=-0.362), P<0.05.
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Conclusion: Associations between gut microbiota metabolites
and TTE AF characteristics in patients with CAD were based mostly
on correlations between left atrium indexes and TMA, TMAO,
butyric acid, isobutyric acid, and middle chain fatty acids.
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3B’SI3KM METABOJIITIB MIKPOBIOMY KHIIKIBHUKA 3
EXOKAPIIOTPA®IYHUMHU XAPAKTEPUCTUKAMHU
®IBPWJISILII  OEPEJACEPAb Y MANIECHTIB 3
IIEMIYHOIO XBOPOEOIO CEPLISI

Mera: BHABHTH 3B’S30K MDK MeTa0ONITAMU  KHIIKOBOI
MikpoOiotu Ta exokapaiorpadiuanmu (ExoKI') xapakrepuctiukamu
¢iopmsnii nepencepap (OII) y mamieHTiB 3 iMIEMIiTHOIO XBOPOOOIO
cepus (IXC).

Martepiann i meromm: 300 xBopux OyJi0 po3moAiiecHO Ha 3
rpymu: iepma (IXC) — 149 mamientis 3 [XC, ane 6e3 aputmiit, apyra
(IXC+®IT) — 124 naumientn 3 IXC Ta mapoxcusmom DIl Ta
kouTposbHa rpyna (KI') — 27 namienTti 6e3 IXC ta apurmii. ExoKI'
BukoHano ALOKA SSD-5000. PiBenr Ttpumermnaminy (TMA),
tpumerminamin-N-okecuny (TMAO) y mia3mi Ta dexanbHUX PIBHAX
KopoTKojaHLoroBux kupHux kuciaor (KXKK) BusHawamu 3a
JIOTTIOMOT 00 Ta30BOi XpoMaTorpadii 3 IETEKIN€l0 Mac-eJICKTPOHIB.

Pe3yabraT: [30KampoHOBa Ta i30MacisiHa KaJloOBI KHCIOTH
BusiBIsIOThes y Il rpymi mopiBHsHO 3 KI'. ¥V xBopux II rpymm
BHsIBIICHO TixBumIeHHs piBHIB TMA (16,13%), TMAO (57,54%) Ta
3HIKEHHS iX criBBigHOMmEHHs (26,16%) mopiBHsHO 3 | rpymoro,
P<0,05. V xBopux Il rpymu BHSBICHO MWiIBHIICHHI BMICTY
BasiepianoBoi (1128,43 %) Tta 3HmwxenHs MacisHoi (78,75 %),
i3oBasiepianoBoi (43,71 %), kanpunoBoi (99,21 %) KHCIIOT, KHUPHUX
KUCJIOT cepeanboro janiora (95,54 %) Ta 3aranbHOI KUIBKOCTI
KXK xany (17,09 %) nopiBusiHo 3 I rpynoro P<0,05. Y xBopux 11
rpynH Big3HAUYCHO 30IJBLICHHS [iaMeTpa JIBOro Mepeacepis
(10,03 %), 06’emy miBoro nepencepas (15,40 %) Ta ingexcy 00’ emy
niBoro mepezncepas (11,48 %) mopisasHo 3 I rpymoro, P<0,05.
HaiiOinpimry — KinmbKicTh  Kopensmiii  BusBieHo Mik ExoKD
nmokasHukamMu Ta TMA (3arajbHa KUTBKICTP = 11), MaclssHOIO
KHCJIOTOM (3aranmpHa KinbKicTh = 10) i TMAO (3arayiibHa KiJIbKiCTb
= 9). Iumexc pmiameTpa IIBOTO Tepencepis, SKUHA 3a3BHYAM
MiIBUIIYEThCS Yy TaIli€eHTiB 3  QiOpwidIiero  mepeacepib,
kopemoeteess 3 TMA (1=0,392), TMAO (1=0,333), macisHOIO
kucaororo (1=-0,321), i3omacnsHOIO KHcinororo (r=-0,359) Ta
(bexanbHUMH KUPHUMH KHCIIOTAMH CEPEJHbOro JiaHmora (r=-
0,362), P<0,05.

BucHOBOK: 3B’5130K MiX MeTa0OJIiTaMH KHIIKOBOI MiKpoOioTH Ta
xapakrepuctukamu ExoKIT @Il y mamientis 3 IXC 06a3syBaBcs
MEPEeBaXHO HA KOPEJAIii MK IHAEKCAaMH JIBOTO Tepeiacepis Ta
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TMA, TMAO, MaciIsiHOIO KHCJIOTOIO, 130MAacIIHOIO KHMCJIOTOIO Ta
KUPHUMH KUCIIOTaMH CEPEeIHbOTO JIAHLIOTA.

KuarouoBi ciioBa: imemigyra xBopoba cepryl, GiOpuLis
mepezncepab, exokapaiorpadis, IDIYHKOBO-KHIIKOBa MiKpoOioTa,
KHUPHI KUCIIOTH.

Aemop, sionogioanvnuii 3a rucmysannsa lryna Melnychuk, xageopa snympiwunvoi meouyunu Ne4 HMY imeni
0.0. bocomonvys, m. Kuie Ykpaina
e-mail: ira.merkulova45@gmail.com

ABBREVIATIONS

Trimethylamine  (TMA); trimethylamine-N-oxide (TMAOQO); short-chain fatty acids (SCFA);
lipopolysaccharide (LPS); cholesterol (TC); and low-density lipoproteins (LDL); atrial fibrillation (AF); coronary
artery disease (CAD); transthoracic echocardiography (TTE); left atrium (LA); left ventricular (LV); ejection
fraction (EF); control group (CG); myocardial infarction (MI); Glomerular Filtration Rate (GFR); body mass index
(BMI); aorta diameter (AO); left ventricular outflow tract (LVOT); left atrium diameter (LAD); left atrium
diameter index (LADI); left atrium volume (LAV); left atrium volume index (LAVI); right atrium diameter
(RAD); right atrium diameter index (RADI); right atrium volume (RAV); right atrium volume index (RAVI);
anterior-posterior size of the right ventricle (RV); interventricular septum (1VS); left ventricle posterior wall
(LVPW); relative wall thickness (RWT); left ventricular mass (LVM); left ventricular mass index (LVMI); left
ventricular stroke volume (LVSV); left ventricular stroke volume index (LVSVI); left ventricular end diastolic
volume (LVEDV); left ventricular end diastolic volume index (LVEDVI); left ventricular end systolic volume
(LVESV); left ventricular end systolic volume index (LVESVI); left ventricular end diastolic diameter (LVEDD);
left ventricular end diastolic diameter index (LVEDDI); left ventricular end systolic diameter (LVESD); left
ventricular end systolic diameter index (LVESDI); acetic acid (C2:0); propionic acid (C3:0); butyric acid (C4:0);
isobutyric acid (C4:1); valeric acid (C5:0); isovaleric acid (C5:1); caproic acid (C6:0); isocaproic acid (C6:1);
caprylic acid (C8:0); middle-chain fatty acids (MCFA); saturated fatty acids (SFA); unsaturated fatty acids
(USFA); total amount of fecal SCFA (TA SCFA); confidence interval (ClI).

INTRODUCTION / BCTYII

Gut microbiota have been known to play crucial
role in human health. Gut microbiota composition
and function disturbances can disrupt gut barrier
function and lead to metabolic endotoxemia. This
low-grade chronic inflammation is an important
basis in cardiometabolic events pathogenesis, such
as dyslipidemia, obesity, atherosclerosis,
thrombosis, insulin resistance, diabetes mellitus,
aging, cancer, neurological and neurodegenerative
disorders, etc. [1, 2]. Also, gut microbiota is
involved in the synthesis of the majority of
biologically active substances contributing to human
health or disease development. The mean gut
microbiota metabolites are trimethylamine (TMA)
and trimethylamine-N-oxide (TMAO), short-chain
fatty acids (SCFA), uremic toxins, bile acids, and
lipopolysaccharide (LPS) [3].

Nowadays, TMAO is a known cardiometabolic
risk factor. Higher TMAO concentrations increase
the risk of cardiovascular events by 62%. TMAO is
positively correlated with proinflammatory markers,
oxidative stress molecules, cholesterol (TC), and
low-density lipoproteins (LDL) [4]. Also, TMAO is

associated with atrial fibrillation (AF) formation:
activates atrial autonomic ganglion plexus and
promotes arrhythmia, activates p65 nuclear
factor-kB signaling, and increases expression of
inflammatory cytokines. In animal studies rise of
TMAO is associated with left ventricular
hypertrophy and heart failure [1].

SCFA are a new potential contributor to AF
pathogenesis. Low SCFA decreases gut integrity and
leads to endotoxemia. SCFA decreases atrial
remodeling, and have anti-inflammatory properties
[1, 5]. According to some data, SCFA
cardioprotective effect is based on regulatory T cell
and T helper cell homeostasis, thereby reducing
cardiac hypertrophy and fibrosis, atherosclerotic
changes, that play an important role in cardiac
arrhythmia pathogenesis. Moreover, SCFA inhibit
NLRP3-inflammasome activity, which alters
sarcoplasmic-reticulum Ca2+ release, exhibits
ectopic activity, and shortened atrial effective
refractory period, which leads to atrial hypertrophy
[6].

AF and coronary artery disease (CAD) are
widely spread cardiological conditions. They are the
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independent risk factors of each other, which
potentiate their development, worthier prognosis and
complicate treatment. Furthermore, AF and CAD are
associated with the same risk factors, such as
dyslipidemia, obesity, inflammatory diseases,
diabetes mellitus, arterial hypertension, aging, etc.
[7, 8]. CAD and AF are characterized by special
transthoracic echocardiography (TTE) peculiarities.
AF is commonly associated with an increase in left
atrium (LA) size and volume, LA dysfunction, left
ventricular  (LV) hypertrophy, LV systolic
(decreased ejection fraction (EF)), and diastolic
dysfunction [9, 10]. Besides, of importance and
relevance of the investigation of associations
between gut microbiota metabolites and TTE
indexes in understanding the pathogenesis of AF
paroxysm in CAD patients, this problem remains
fully unexplored.

THE AIM: to reveal the connections between
gut microbiota metabolites and echocardiography
atrial fibrillation characteristics in patients with
coronary artery disease.

MATERIALS AND METHODS

300 patients were enrolled in the study. They
were divided into 3 groups: first — 149 patients with
CAD but without arrhythmias, second — 124 patients
with CAD and AF paroxysm, and the control group
(CG) — 27 patients without CAD and arrhythmias.
CAD and AF diagnoses were made according to the
latest ESC guidelines [7, 8]. All patients were treated
in the Kyiv City Clinical Hospital No. 12 in
cardiological and therapeutic departments. AF
paroxysm was checked by resting 12 leads
electrocardiography. Diagnosis CAD was confirmed
by a history of coronary arteries stenotic changes
during invasive coronarography. All patients had
heart failure stage B or C [11]. Exclusion criteria
were: valvular AF, heart failure Class 11l to 1V (by
New  York Heart Association), reported
malignancies, thyroid pathology, chronic Kidney
disease (Glomerular Filtration Rate (GFR)
< 60 mL/min), pregnancy, inflammatory bowel
disease, irritable bowel syndrome, vegetarians and
vegans, taking probiotics and antibiotics for a month
before the study. A significant difference in risk
factors at baseline was not seen between investigated
groups. The study was conducted at the base and was
approved by the ethical commission of the Kyiv City
Clinical Hospital No. 12 (protocol # 8 from
22/08/2018). Informed consent was obtained from
all subjects following the Declaration of Helsinki.
Baseline characteristics of study patients include
age, gender, history of myocardial infarction (Ml),

stroke, diabetes mellitus, obesity, body mass index
(BMI), uric acid, total bilirubin, GFR, and TC levels.
Uric acid, total bilirubin, creatinine, and TC were
checked by the Kyiv City Clinical Hospital No. 12
laboratory (certificate # IIT — 257/21). Advanced
age, obesity, hypercholesterolemia, high stages of
chronic kidney disease, gout, and
hyperbilirubinemia are known risk factors of AF
paroxysm development [7]. That’s why these
baseline characteristics were analyzed and compared
because it can help us to exclude their influence on
obtained results.

TTE was done by ALOKA SSD-5000. We
analyzed such characteristics: aorta diameter (AO),
left ventricular outflow tract (LVOT), left atrium
diameter (LAD), left atrium diameter index (LADI),
left atrium volume (LAV), left atrium volume index
(LAVI), right atrium diameter (RAD), right atrium
diameter index (RADI), right atrium volume (RAV),
right atrium volume index (RAVI), anterior-
posterior size of the right ventricle (RV),
interventricular septum (1VS), left ventricle posterior
wall (LVPW), relative wall thickness (RWT), left
ventricular mass (LVM), left ventricular mass index
(LVMI), EF, left ventricular stroke volume (LVSV),
left ventricular stroke volume index (LVSVI), left
ventricular end diastolic volume (LVEDV), left
ventricular end diastolic volume index (LVEDVI),
left ventricular end systolic volume (LVESV), left
ventricular end systolic volume index (LVESVI),
left ventricular end diastolic diameter (LVEDD), left
ventricular end diastolic diameter index (LVEDDI),
left ventricular end systolic diameter (LVESD), left
ventricular end systolic diameter index (LVESDI)
[91.

The level of TMAO, TMA plasma was
determined by gas chromatography with mass
electron detection. They were extracted from blood
plasma into acid by adding internal standards [12].
The patient’s blood sampling was performed on an
empty stomach from the cubital vein on the day of
hospitalization. Fecal SCFA was checked by gas
chromatography with mass electron detection. We
determined nine fatty acids in the collected samples
— acetic acid (C2:0), propionic acid (C3:0), butyric
acid (C4:0), isobutyric acid (C4:1), valeric acid
(C5:0), isovaleric acid (C5:1), caproic acid (C6:0),
isocaproic acid (C6:1) and caprylic acid (C8:0).
These fatty acids include saturated (SFA) — acetic
(C2:0), propionic (C3:0), butyric (C4:0), valeric
(C5:0), caproic (C6:0), caprylic (C8:0) acids; and
unsaturated (USFA) — isobutyric (C4:1), isovaleric
(C5:1), isocaproic (C6:1) acids. Middle-chain fatty
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acids (MCFA) include caproic acid (C6:0),
isocaproic acid (C6:1), and caprylic acid (C8:0).
Also, the total amount of fecal SCFA (TA SCFA)
was determined [13].

Results were presented as mean =+ standard error
or [95% confidence interval (CI)] for continuous
variables or as a number for categorical variables.
Variables distribution for normality were checked by
the Pearson criterion. Data were compared using the
Wilcoxon signed-rank test or Student t-test with two
critical regions by the type of distribution;
Spearman's rank correlation coefficient [14]. All
calculations were done in MATLAB R2014a
(License number 271828).

RESULTS

Firstly, baseline characteristics of investigated
groups were analyzed. Significant difference in age,
gender, BMI, total bilirubin, and smoking history
was not found in investigated groups. In groups | and
Il uric acid (by 22.66% and 30.53% respectively)
and TC (by 32.64% and 43.06% respectively) levels
were significantly higher and GFR (by 26.16% and
19.38% respectively) were lower than in CG
(p<0.05). Also, in groups | and Il there were patients
with obesity, diabetes mellitus, stroke, or Ml history,
such cases were absent in CG. Data are shown in
Table 1.

Table 1 — Baseline characteristics of study groups, mean =+ standard error

Characteristic /group I group Il group CG P1-2 P2-CG | P1-CG
Age (years) 67.71£3.90 67.96+0.94 56.25+2.18 P>0.05 P>0.05 | P>0.05
Men (%) 48.99 47.97 48.15 P>0.05 | P>0.05 | P>0.05
Smoking (%) 51.01 41.46 40.74 P>0.05 | P>0.05 | P>0.05
:'fzt&?:on (?J;) myocardial | 35 g7 26.02 0 P>0.05 | P<0.05 | P<0.05
History of stroke (%) 8.72 8.13 0 P>0.05 P<0.05 | P<0.05
Diabetes mellitus (%) 18.12 14.63 0 P>0.05 P<0.05 | P<0.05
Obesity (%) 8.84 12.0 0 P>0.05 P<0.05 | P<0.05
BMI (kg/m?) 27.02£0.33 | 26.93+0.43 | 27.12+2.10 | P>0.05 | P>0.05 | P>0.05
Total bilirubin (mmol/l) 11.3+0.09 12.4+0.08 11.740.11 P>0.05 P>0.05 | P>0.05
Uric acid (mmol/l) 380.5+28.16 | 404.9+36.11 | 310.2+29.12 | P>0.05 P<0.05 | P<0.05
GFR (ml/min) 62.03+2.31 67.73+£1.98 84.01+5.48 P>0.05 P<0.05 P<0.05
TC (mmol/l) 5.73+0.37 6.18+0.31 4.32+0.21 P>0.05 P<0.05 P<0.05

Secondary, TMA, TMAO, and their ratio levels
were investigated. In groups Il and I, we found a
significant rise of TMA (22.50% and 42.25%
respectively), TMAO (50.00% and 136.31%
respectively) levels and decrease TMA/TMAQO ratio
(18.59% and 39.89% respectively) in comparison
with CG, P<0.05. Also, in group II in comparison
with group I significant rise of TMA (16.13%), and
TMAO (57.54%) levels, and a decrease in
TMA/TMAQO ratio (26.16%) was revealed, P<0.05.
Results are shown in Figure 1.

Also, we investigated fecal SCFA composition.
Due to the obtained data in group [ was a significant
rise of isovaleric acid (165.58%), USFA (485.44%)
and decrease of butyric (63.36%), valeric (97.75%),

caproic (93.39%) acids, TA SCFA (29.52%%),
MCFA (66.04%) in comparison with CG, P<0.05. In
group Il was found significant rise of acetic
(62.35%) and a decrease of butyric (92.21%), valeric
(72.36%), caprylic (99.84%) acids, TA SCFA
(41.57%) in comparison with CG, P<0.05. Besides,
in group II was a significant rise of valeric
(1128.43%) and depletion of butyric (78.75%),
isovaleric (43.71%), caprylic (99.21%) acids,
MCFA (95.54%), and TA SCFA (17.09%) in
comparison with group I, P<0.05. Isocaproic and
isobutyric fecal acids were not found in the CG
samples, but they appeared in group I and II patients’
tests. Results are shown in Figures 2 and 3.




Melnychuk |

30

25

*+4
15
*1H
10
: I I
; o . ]

TMA, mmol/l TMAQ, mmol/l TMA/TMAO

w

H|group mllgroup mCG
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TTE indexes were explored in all investigated
groups. In group I were significant increases in IVS
(15.15%), LVPW (17.71%), RWT (12.35%), LVM
(39.78%), LVMI (35.87%), LVEDV (21.42%) in
comparison with CG. In group II were significant
rise of LVOT (11.47%), LAD (10.03%), LAV
(15.40%), LAVI (11.48%), RV (11.50%), IVS

(18.18%), LVPW (20.83%), LVM (47.93%), LVMI
(46.02%), LVEDV (27.28%), LVEDVI (25.88%) in
comparison with CG. Also, in group II significant
increases in LAD (10.03%), LAV (15.40%), and
LAVI (11.48%) were found in comparison with
group I (p <0.05). Data are presented in Table 2.

Table 2 — TTE of investigated groups, mean + standard error

Characteristic /group I group Il group CG P1-2 P2-CG | P1-CG
AO, cm 3.19+0.04 3.27+0.04 3.06+0.06 P>0.05 | P>0.05 | P>0.05
LVOT, cm 3.05+0.03 3.11+0.03 2.79+0.09 P>0.05 | P<0.05 | P>0.05
LAD, cm 4.08+0.04 4.28+0.05 3.89+0.06 P<0.05 | P<0.05 | P>0.05
LADI, cm/m? 2.1240.04 2.26+0.04 2.08+0.05 P>0.05 | P>0.05 | P>0.05
LAV, ml 3.95+0.03 4.42+0.05 3.83+0.04 P<0.05 | P<0.05 | P>0.05
LAVI, ml/m? 2.05+0.03 2.33+0.04 2.09+0.03 P<0.05 | P<0.05 | P>0.05
RAD, cm 3.524+0.04 3.65+0.04 3.48+0.05 P>0.05 | P>0.05 | P>0.05
RADI, cm/m? 1.83+0,03 1,92+0,03 1,87+0,04 P>0.05 | P>0.05 | P>0.05
RAV, ml 3.85+0.03 3.94+0.03 3.94+0.03 P>0.05 | P>0.05 | P>0.05
RAVI, ml/m? 2.00+0.02 2.11+0.03 2.11+0.03 P>0.05 | P>0.05 | P>0.05
RV, cm 2.48+0.03 2.524+0.03 2.26+0.02 P>0.05 | P<0.05 | P>0.05
IVS, cm 1.14+0.01 1.17+0.02 0.99+0.01 P>0.05 | P<0.05 | P<0.05
LVPW, cm 1.13+0.01 1.16+0.01 0.96+0.02 P>0.05 | P<0.05 | P<0.05
RWT 0.91+0.02 0.96+0.02 0.81+0.04 P>0.05 | P>0.05 | P<0.05
LVM, g 188.70+5.60 199.70+7.26 135.00+6.01 P>0.05 | P<0.05 | P<0.05
LVMI, g/m? 98.07+3.26 105.40+£3.97 72.18+3.39 P>0.05 | P<0.05 | P<0.05
EF 0.59+0.01 0.59+0.01 0.59+0.01 P>0.05 | P>0.05 | P>0.05
LVSV, ml 57.67+1.59 59.93£1.90 48.24+3.61 P>0.05 | P>0.05 | P>0.05
LVSVI, ml/m? 29.83+1.04 31.64+1.24 25.88+2.01 P>0.05 | P>0.05 | P>0.05
LVEDV, ml 98.64+2.77 103.40+3.73 81.24+4.62 P>0.05 | P<0.05 | P<0.05
LVEDVI, ml/m? 51.37+£1.85 54.87+2.34 43.59+2.62 P>0.05 | P<0.05 | P>0.05
LVESV, ml 40.97+1.60 43.46+2.47 33.00£1.59 P>0.05 | P>0.05 | P>0.05
LVESVI, ml/m? 21.54+1.04 23.24+1.53 17.71£0.92 P>0.05 | P>0.05 | P>0.05
LVEDD, cm 4.50+0.06 4.61+0.06 4.23+0.09 P>0.05 | P>0.05 | P>0.05
LVEDDI, cm/m? 2.33+0.04 2.40+0.06 2.26+0.06 P>0.05 | P>0.05 | P>0.05
LVESD, cm 3.05+0.05 3.15+0.06 2.99+0.10 P>0.05 | P>0.05 | P>0.05
LVESDI, cm/m? 1.59+0.03 1.64+0.05 1.60+0.06 P>0.05 | P>0.05 | P>0.05

The correlation analysis between gut microbiota
metabolites and TTE indexes was done in the
investigated groups. Spearman's correlation analysis
was used to explore their correlations with species

abundance. The largest amount of correlations was
checked between echocardiography indexes and
TMA (total number = 11), butyric acid (total number
= 10) and TMAO (total number = 9). Also, the
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highest amount of correlations were found between
LADI (total number = 5), EF (total number = 5),
RWT (total number = 6), and gut microbiota
metabolites. TMA was correlated with LAD
(r=0.326), LADI (r=0.392), LAV (r=0.395), LAVI
(r=0.454), RADI (r=0.393), RAVI (r=0.423), LVM
(r=0.362), LVMI (r=0.323), LVEDV (r=0.347),
LVEDVI (r=0.447) and LVEDD (r=0.314), P<0.05.
TMAO was corelated with LADI (r=0.333), LAV
(r=0.341), LAVI (r=0.361), RADI (r=0.366), RAVI

(r=0.435), LVMI (r=0.364), EF (r=-0.382), LVEDVI
(r=0.348) and LVESVI (r=0.414), P<0.05. Butyric
acid was correlated with LADI (r=-0.321), LAV (r=-
0.355), LAVI (r=-0.476), RADI (r=-0.310), RAVI
(r=-0.314), LVMI (r=-0.303), LVSV (r=-0.335),
LVSVI (r=-0.446) and LVEDVI (r=-0349), P<0.05.
LADI was correlated with TMA (r=0.392), TMAO
(r=0.333), butyric acid (r=-0.321), isobutyric acid
(r=-0.359), and MCFA (r=-0.362), P<0.05. All
correlations are shown in the Figure 4.
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Figure 3 — Heatmap correlation matrices between gut microbiota metabolites and echocardiography indexes,

P<0.05

DISCUSSION

Due to our results associations between gut
microbiota metabolites and TTE AF characteristics
in patients with CAD was based mostly on
correlations between left atrium indexes and plasma
TMA, TMAO, butyric acid, isobutyric acid and
middle chain fatty acids. It is widely known that
patients with AF are characterized by an increase in
left atrium indexes: LAD, LADI, LAV, and LAVI. It

is the reliable marker of LA structural remodeling,
which is associated with the development of AF and
its complications [9, 10]. That LA structural
remodeling (laid down) is based on processes of
cardiac fibrosis, cell apoptosis and connection
lateralization [1].

Nowadays TMA and TMAO are the most
commonly investigated gut microbiota metabolites.
It is closely linked with atherosclerosis, coronary
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artery disease, arterial hypertension, diabetes
mellitus, obesity, and another metabolic dysfunction
pathogenesis. Moreover, several studies have
suggested that TMAO is inextricably linked with the
occurrence, progression, and recurrence of AF after
ablation [1]. Although there are the majority of
relevant studies, specific mechanisms of AF
induction by TMAO are still under discussion. It
increased neural activity and the susceptibility of
atrial to AF through the p65 NF-kB signaling
pathway. Also, TMAO induces cardiac hypertrophy
and fibrosis via the Smad3 signaling pathway.
Besides, TMAQO potentiates cardiac fibrosis via
activation of the NLRP3 inflammasome and
activates oxidative stress, by the activation of the
p53/p21/Rb pathway. Undoubtedly, all this is
connected with LA structural, autonomic, and
electrical remodeling [1, 15].

SCFA are produced by gut microbiota during
glucose and dietary fiber fermentation. SCFA
improves intestinal barrier functions by promoting
mucous production, affects immune regulation by
inhibiting histone deacetylases, and alleviates
NLRP3 signaling-mediated atrial remodeling. So,
lack of fecal SCFA is associated with Ca2+ handling
and structural LA remodeling [1, 16]. Moreover,
SCFA differ in their properties. Butyrate has a strong

CONCLUSIONS / BACHOBKH

During our study peculiarities of gut microbiota
metabolites profile and echocardiography indexes
and their associations in patients with coronary
artery disease and atrial fibrillation were revealed:

1. Isocaproic and isobutyric fecal acids
appeared in coronary artery disease and atrial
fibrillation patients’ samples in comparison with the
control group;

2. In the patients with atrial fibrillation and
coronary artery disease, a rise of trimethylamine
(16.13%), and trimethylamine-N-oxide (57.54%)
levels and decreased their ratio (26.16%) in
comparison with coronary artery disease patients
without arrhythmia was revealed, P<0.05;

3. In the patients with atrial fibrillation and
coronary artery disease rise of valeric (1128.43%)
and depletion of butyric (78.75%), isovaleric
(43.71%), caprylic (99.21%) acids, middle chain

anti-inflammatory ~ effect, increases insulin
sensitivity, and normalizes lipid exchange. In the
animal studies, butyrate showed its protection effects
for LA electrical remodeling (action potential
duration shortening, L-type Ca?*-current reduction),
cellular Ca?*-handling/contractile dysfunction, and
endoplasmic reticulum stress and autophagy [1, 17].
Vice versa, acetate promotes parasympathetic
nervous system activation by the brain and increases
insulin and ghrelin secretion leading to obesity and
dyslipidemia [1]. Today there is a lack of data about
the role of MCFA in human health. Due to in vitro
studies, caproic acid has postbiotic properties, it
inhibits pathogenic flora (for example, E. coli), so
has strong antimicrobial properties and antioxidant
activity [18]. Caprylic acid reduces inflammation
(decreases interleukine-1p, interleukine-6, tumor
necrotic factor-a, and monocyte chemoattractant
protein-1 levels) and normalizes lipids exchange
(decreases triglycerides and increases high-density
lipoprotein levels) in animal studies [19]. So, SCFA
metabolism is also closely connected with AF risk
factors, thereby LA structural remodeling.

Nevertheless, the presence of active scientific
interest in the role of gut microbiota metabolites in
hemodynamic changes in CAD and AF patients, this
problem still has not been resolved yet.

fatty acids (95.54%) and total amount fecal short
chain fatty acids (17.09%) in comparison with
coronary artery disease patients without arrhythmia
was found, P<0.05;

4. In the patients with atrial fibrillation and
coronary artery disease increase of left atrium
diameter (10.03%), left atrium volume (15.40%),
and left atrium volume index (11.48%) in
comparison with coronary artery disease patients
without arrhythmia was established, P<0.05;

5. The largest amount of positive and negative
correlations were found between echocardiography
indexes and TMA (total number = 11), butyric acid
(total number = 10), and TMAO (total number = 9);

6. Left atrium diameter index, which
commonly increased in patients with atrial
fibrillation, was strongly correlated with TMA
(r=0.392), TMAO (r=0.333), butyric acid (r=-0.321),
isobutyric acid (r=-0.359) and MCFA (r=-0.362),
P<0.05.

PROSPECTS FOR FUTURE RESEARCH / HEPCHHEKTUBHU IMOJAJBIINX TOCJTII)KEHb

Other gut microbiota metabolites and TTE indexes connections investigations will be interesting for further

scientific studies.
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