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Abstract: gut microbiota composition and its metabolites is an essential part of human health. Short
chain fatty acids (SCFA) are known gut microbiota metabolites. Lack of them is common for dyslipidemia
and inflammatory changes. But their role in atrial fibrillation (AF) and coronary artery disease (CAD)
pathogenesis is still uninvestigated. The aim: to estimate the fecal short chain fatty acids changes in
patients with atrial fibrillation paroxysm and coronary artery disease and found their connections with
known cardiometabolic risk factors. Materials and methods: 300 patients were investigated. We divided
them into 3 groups: I group — 149 CAD patients without rhythm disorders, 1l group — 124 patients with
CAD and AF paroxysm and control group (CG) — 27 patients without CAD and arrhythmias. Fecal SCFA
was checked by gas chromatography with mass electron detection. Results: Fecal SCFA changes in pa-
tients with AF paroxysm and CAD were found in our investigation. Isocaproic and isobutyric fecal acids
appears in CAD and AF patients’ samples in comparison with control group. In the patients with AF and
CAD significant increasing of valeric (1128,43%) and decreasing butyric (78,75%), isovaleric (56,29%),
caprylic (99,21%) acids, medium chain fatty acids (95,54%) and unsaturated fatty acids (38,76%) levels
was revealed in comparison with CAD patients without arrhythmias (P<0,05). The largest amount of
correlations was between total amount of SCFA, medium chain fatty acids (total amount = 7), butyric
acid (total number = 6) and cardiometabolic risk factors (P<0,05). The acceptable role of total amount
of short chain fatty acids (AUC = 0.7907) and butyric acid (AUC = 0.7127) in AF paroxysm occurrence
in CAD patients was proven by ROC-analysis. Conclusions: SCFA-synthesis violations were reveled in
patients with atrial fibrillation paroxysm and coronary artery disease. To propose the new ways of gut
microbiota and cardiometabolic risk factors correction will be interesting for future investigations.

Keywords: Coronary Artery Disease, Atrial Fibrillation, Fatty Acids, Cardiometabolic Risk Factors,
Patients.

Introduction common cardiovascular pathology in the world.

Atrial fibrillation (AF) is the most common Its spreading is also increasing (Knuuti J. et all.,
arrhythmia in the world. By the latest data more 2020). One of explanation of such demographic
than one third European population over 55 picture is that CAD and AF have a lot of identical
suffers from AF. In projection increase of AF risk factors: dyslipidemia, smoking, obesity,
will be growth each year. One of the know AF diabetes, obstructive sleep apnea, inflammatory
risk factor is coronary artery disease (CAD) diseases, sedentary way of life, etc. (Hindricks G.
(Hindricks G. et all., 2020). CAD is the most et all., 2020; Knuuti J. et all., 2020). Moreover,
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CAD and AF presence worsening clinical picture
and prognosis of each other, increase risks of
cardiovascular events (Michniewicz E. et all.,
2018).

The majority of CAD and AF risk factors
are pathogenetically linked with gut microbiota
condition and its metabolites. By the literature
data, inflammatory and metabolic disorders are
strongly linked with dysbiosis presence. Gut
microbiota violations can act at host organism by
its metabolites, which rises in blood flow due to
increasing intestinal barrier permeability and their
production lesions. Gut microbiota metabolites
are trimethylamine (TMA), trimethylamine-N-
oxide (TMAO), lipopolysaccharide, bile acids
and short chain fatty acids (SCFA) (Malesza 1J
et all., 2021; Scheithauer TPM et all., 2020).
TMA, TMAO are well known gut microbiota
metabolites. Their role in AF paroxysm and
CAD pathogenesis is widely discussed nowadays
(Gatarek P et all.,, 2021). Lipopolysaccharide
(endotoxin) is also presented as AF paroxysm
risk factor (Zhang Y et all., 2022). Elevated levels
of circulated bile acids are a well-known AF risk
factor (Michelle SW et all., 2019).

SCFA is a crucial gut microbiota metabolite
in regulating host immune homeostasis.
SCFA are synthetized in human intestine
from dietary fibers through fermentation by
microorganisms. Deficiency of SCFA content
leads for cardiovascular and metabolic disorders
by the latest evidence. Some laboratory findings
suggested the importance of SCFA role in AF
paroxysm development (Lizogub V.G. et all.,
2019; Ling Z. et all., 2022), but any clinical
investigations. Moreover, it is no evidence about
SCFA role in AF paroxysm in CAD patients.

Aim

The aim to estimate the fecal short chain fatty
acids changes in patients with atrial fibrillation
paroxysm and coronary artery disease and found
their connections with known cardiometabolic
risk factors.

Materials and methods

300 patients were investigated. We divided
them into 3 groups: I group — 149 CAD
patients without rhythm disorders, II group —
124 patients with CAD and AF paroxysm
and control group (CG) — 27 patients without
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CAD and arrhythmias. All diagnosis was
established according current European Society
of Cardiology guidelines (Hindricks G. et all.,
2020; Knuuti J. et all., 2020). Diagnosis CAD
was confirmed by history of coronary arteries
stenotic changes during invasive coronarography.
AF paroxysm was checked by resting 12 leads
electrocardiography. Criteria of exclusion were:
valvular atrial fibrillation, heart failure (HF) from
Class Il to IV (by New York Heart Association),
reported malignancies, chronic kidney disease
(Glomerular Filtration Rate, GFR < 60 mL/min),
thyroid pathology, inflammatory bowel disease,
irritable bowel syndrome, pregnancy, taking
probiotics and antibiotics for a month before
the study. There were no vegetarians or vegans
among the examined. All patient had HF stage
B or C (McDonagh T. et all., 2023). The study
was conducted at the base and was approved
by the ethical commission of the Kiev City
Clinical Hospital No. 12. Informed consent
was obtained from all subjects in accordance
with the Declaration of Helsinki and ethical
commission submission. Baseline characteristics
of investigated groups are performed in table 1.
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), valericacid (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 acids
(MCFA) include caproic acid (C6:0), isocaproic
acid (C6:1) and caprylic acid (C8:0) (Michelle
SW et all., 2019). Cardiometabolic risk factors
which was explored are: total cholesterol (TC),
tryglicerides (TG), low density lipoproteins
(LDL), high density lipoproteins (HDL),
lipoproteins o (Lpa), apolipoprotein A1 (ApoAl),
apolipoprotein B (ApoB), C-reactive protein
(CRP), interleukine — 6 (IL-6), TMA and TMAO
(Lizogub V.G. et all., 2019, Li J.J. et all., 2022).
Results were presented as mean + standard error

Ukrainian scientific medical youth journal, 2024, Issue 1 (144)

http://mmj.nmuofficial.com

19


https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/ISSN/2786-667X#

UKkrainian Scientific Medical Youth Journal

Issue 1 (144), 2024

Creative Commons «Attribution» 4.0

ISSN 2786-6661
eISSN 2786-667X

Table 1. Baseline characteristics of investigated groups, mean =+ standard error

Characteristic /group I group I group CG P1-2 | P2-3 | P1-3
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
History of myocardial infarction (%) 30,87 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 | 28.12+£2.10 | 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
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
Total bilirubin (mmol/1) 11.3+0.09 12.4+0.08 11.7+0.11 | 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

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
by Scheffe's or Dann multiple comparison
methods depends with two critical regions for
variables distribution respectively; Spearman's
rank correlation coefficient was detected. ROC-
curves with area under ROC-curve (AUC)
calculation for gut microbiota component and
their combinations were built for I and II groups
(Faizi et all., 2023; Mandrekar JN, 2010). All
calculations were done in MATLAB R2014a
(License number 271828).

Results

Fecal SCFA composition was studied in all
investigated groups. Total amount of fecal SCFA
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in I (71,13%) and II (41,89%) patients’ groups
is significantly decreased in comparison with
CG. Also, increasing of acetic (62,35%) and
decreasing butyric (92,21%), valeric (72,36%),
caprylic (99,84%) acids levels in 2 group in
comparison with CG was found. In the I group
was found significant arising of isovaleric
(62,35%) and abundance of butyric (63,36%),
valeric (97,75%), caproic (93,39%) acids in
comparison with CG. In the II group significant
increasing of valeric (1128,43%) and decreasing
butyric (78,75%), isovaleric (56,29%), caprylic
(99,21%) acids levels was revealed in comparison
with I group. Isocaproic and isobutyric fecal
acids were absent into the CG samples, but they
appeared in I and II groups patients’ tests. Results
are shown in figure 1.

PI-2 < 0,05 *
P2-3 < 0,05 **
PI-3 < 0,05 ***

C5:0 C5:1 C6:0

CG

C6:1 C8:0

Fig. 1. Fecal short chain fatty acids in investigated groups, mg/g
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Moreover, in II group was found significant
increase of USFA (485,44%) and decrease of
MCFA (66,04%) levels in comparison with CG.
In I group was found significant grouth of USFA
(258,54%) and decreasing of MCFA (98,49%)
in comparison with CG. Also, in II group was
significant decreasing MCFA (95,54%) and USFA
(38,76%) levels in comparison with 1 group.
Results are shown in figure 2.

Secondary, lipid profile, inflammatory
markers and TMA, TMAO levels of investigated
groups were evaluated. In the I and II group
was a significant increasing of TC (32.64%
and 43.06% respectively), TG (80.36% and
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55.36% respectively), LDL (70.78% and
72.73% respectively), Lpa (41.17% and 54.95%
respectively), ApoB (85.12% and 140.50%
respectively), CRP (136.26% and 232.97%
respectively), IL-6 (65.22% and 103.11%
respectively), TMA (22.50% and 42.25%
respectively), TMAO (50.00% and 136.31%
respectively) and decreasing HDL (16.09%
and 29.31% respectively) compared with CG.
In the II group significant increase of ApoB
(29.91%), CRP (40.93%), IL-6 (22.93%), TMA
(16.13%), TMAO (57.54%) levels were detected
in comparison with a I group. Results are shown
in table 2.

PI-2 < 0,05 *
P2-3 < 0,05 **
PI-3 < 0,05 ***

USFA
CG

MCFA

Fig. 2. Fecal short chain fatty acids in investigated groups, mg/g

Table II. Cardiometabolic risk factors of investigated groups, mean + standard error

Characteristic /group I group IT group CG P1-2 P2-3 P1-3
TC (mmol/l) 5.73£0.37 6.18+0.31 4.32+0.21 | P>0.05 | P<0.05 | P<0.05
TG (mmol/l) 2.02+0.18 1.74+0.14 1.12+0,09 | P>0.05 | P<0.05 | P<0.05
LDL (mmol/l) 2.63+0.29 2.66+0.24 1.54+0.11 | P>0.05 | P<0.05 | P<0.05
HDL (mmol/1) 1.46+0.13 1.23+0.14 1.74+0.12 | P>0.05 | P<0.05 | P<0.05
Lpa (mg/dl) 22.53+1.26 24.73+1.48 15.96+1.23 | P>0.05 | P<0.05 | P<0.05
Apo Al (g/l) 2.02+0.16 2.34+0.27 1.62+£0.09 | P>0.05 | P>0.05 | P>0.05
Apo B (g/l) 2.24+0.19 2.91+0.13 1.21+0.18 | P<0.05 | P<0.05 | P<0.05
CRP, mg/1 2.15+0.20 3.03+0.19 0.91+0.12 | P<0.05 | P<0.05 | P<0.05
IL-6, pg/ml 2.66+0.16 3.27+0.16 1.61+£0.09 | P<0.05 | P<0.05 | P<0.05
TMA, mmol/l 21,89+0,45 25,42+0,37 17,87+0,50 | P<0.05 | P<0.05 | P<0.05
TMAO, mmol/l 2,5240,11 3,9740,13 1,68+0,11 | P<0.05 | P<0.05 | P<0.05
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Further, heatmap correlation matrices was Table 3. Area under ROC-curve to each
generated between lipid profile and fecal SCFA bacterium in patients I and II group, P<0.05

levels. The largest amount of correlations was

checked between fecal SCFA composition and Suijmisrobiot SUS
such clinical characteristics as TMAO (total | Total amount of SCFA 0.7507
number = 8), TMA (total number = 7) and CRP C2:0 0.5577
(total number = 6) levels. At the same time, the C3:0 0.6437
highest amount of correlations was between total C4:0 0.7127
amount of SCFA (total number = 9), MCFA (total C4:1 0.6572
amount = 7), butyric acid (total number = 6) C5:0 06855
gnclllr(éa?r’dlometabohc risk factors. It is shown in Cs:1 0.6017
SHIE > C6:0 0.6538
Car(tl)i()lmeta- e co—o oo xxE C6:1 0.6527
riskfzgtcors/ é 903388 S S8 @ % L;) C3:0 0.6782
SCFA SFA 0.6461
TC USFA 0.5213
ESL MCFA 0.6988
HDL
ApoAl 1 1o
ApoB 0,9
Lpa 0,8
CRP 0.7
IL-6 >
TMA E 0.6
TMAO G 0.5
= — moderate positive correlation, 0.3< r<0.7; »n 04
m — strong positive correlation, r>0.7; 0,3
O — no significant correlations; 0.2
= — moderate negative correlation, -0.3> r>-0.7, 0,1
m — strong negative correlation. r<-0.7 0 0 0,1 020304 050,60,7 0,8 0,9 1,0
Fig. 3. Fecal SCFA levels correlations with clinical Specificity
and laboratory changes, P<0.05 2 (1)’(9)
ROC-analysis was done for each SCFA for 0,8
better understanding their diagnostic value in 0,7
pathogenesis of AF paroxysm in CAD patients. 206
We calculated AUC for each sign. Results are g 0.5
shown in table 3. g o4
AUC was more then 0,7 (acceptable) ” 0’3
was found in three sings: total amount of ’
SCFA (AUC =0.7907) and butyric acid 0.2
(AUC = 0.7727). They are shown in figure 4. 0,1
Discussion %0 0.10203040506070809 10
SHFA are mainly produced by such Specificity
probiotics as Roseburia, Eubacterium rectale, Fig. 4. ROC-curve analysis for SCFA in |

Blautia and Ruminococcus from dietary plant and IT groups, P<0.05: 1 — total amount of SCFA,
polysaccharides. Lack of this species leads to AUC =0.7907; 2 — butyric acid, AUC = 0.7127.
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impaired intestinal mucosal barrier function and
increased bacterial endotoxin secretion, which
were directly correlated with host metabolic and
inflammatory disorders (Xiao S. et all., 2019;
Patterson E. et all., 2016). SCFA cardioprotective
effect is based on modulation T regulatory
cell amount. Also, decreasing of total SCFA
concentration is common foe diabetes, arterial
hypertension,  nonalcoholic  steatohepatitis
formation (Mandrekar JN, 2010). So, in general
SCFA concentration is very important for gut
microbiota stability (Lizogub V.G. et all., 2019).

Different SCFA are different in their role and
tissue distribution. Butyrate is the main energy
resource for colonocyte. Propionate activate
liver gluconeogenesis. In the host organism they
available to inhibit host histone deacetylases,
which takes part in the protein’s synthesis
(Coppola S. et all., 2021). Furthermore, different
microbes produce different SCFA. For example,
butyrate is mainly produced by Gramm positive
microorganisms, as Firmicutes, acetate and
propionate —by Gramm negative microorganisms,
as Bacteroides. The type of SCFA production
depends of different factors, including diet, gut
microbiota composition, species evolution and
colonic environment. After colonocytes absorb
SCFA and they coming into blood flow. These
SCFA can be used for carbohydrates and lipids
synthesis of like cytokines for metabolism
regulation. SCFA are able to activating brown
adipose tissue, regulating liver mitochondrial
function, maintaining body energy homeostasis,
controlling appetite and sleep (He, J. et all., 2020).

SCFA plays essential role in lipids
metabolism. By the latest data butyrate increase
oxidation of fatty acids in brown adipose tissue,
reduce the size of adipose cells, regulate activity
of transcription factors, what leads for decreasing
levels of triglycerides and fatty acids (He, J. et
all., 2020; Schoeler M. et all., 2019). All of this
confirmed the importance of SCFA and especially
butyric acid in CAD pathogenesis. By literature
data total amount SCFA decrease is associated
with CAD presence (Lizogub V.G. et all., 2019).

Role of SCFA in AF pathogenesis is still
undoubted, but there is a multiplicity of data
about their role in AF risk factors pathogenesis
(Hu, T. et all., 2022; Gawatko M. et all., 2022).
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So, SCFA further investigations are promising for
new AF risk factors investigation and correction.
Conclusions
Fecal short chain fatty acids changes in patients
with atrial fibrillation paroxysm and coronary
artery disease were found in our investigation:
1.Isocaproic and isobutyric fecal acids
appears in coronary artery disease and atrial
fibrillation patients’ samples in comparison
with control group.
2.In the patients with atrial fibrillation
and coronary artery disease significant
increasing of wvaleric (1128,43%) and
decreasing butyric (78,75%), isovaleric
(56,29%), caprylic (99,21%) acids, medium
chain fatty acids (95,54%) and unsaturated
fatty acids (38,76%) levels was revealed in
comparison with coronary artery disease
patients without arrhythmias (P<0,05).
.The largest amount of correlations was
between total amount of short chain fatty
acids, medium chain fatty acids (total
amount = 7), butyric acid (total number = 6)
and cardiometabolic risk factors (P<0,05).
4.The acceptable role of total amount of
short chain fatty acids (AUC = 0.7907)
and butyric acid (AUC = 0.7727) in AF
paroxysm occurrence in CAD patients was
proven by ROC-analysis.
Perspectives of subsequent scientific
research
To propose the new ways of gut microbiota
and cardiometabolic risk factors correction will
be interesting for future investigations.
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Posib exkaabHMX KOPOTKOJAHIIOIOBUX KHPHUX KUCJIOT B IATOTreHe3i MapoKcu3my
¢idpnasnii nepeacepaAs y XBOPHX Ha ileMiYHy XBOpoOy cepus
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Anomauyin: cxnad Kuwkogoi mikpobiomu ma ii memadonimu € 8adcIUB0K CKIA0080I0 300P08 s
moounu.  Kopomxonanyiozosi oicupni kuciomu (KJDKK) € sidomumu  memabonimamu Kumkogoi
Mikpobiomu. Ix necmaua xapaxmepna ona Oucninioemii ma 3ananvuux 3min. Ane ix ponb y namozenesi
Qiopunayii nepeocepos (DI1) ma iwmemivnoi xeopoou cepys (IXC) ooci ne sueuena. Mema: oyinumu 3minu
KOPOMKONAHYIO208UX HCUPHUX KUCTIOM Y (PeKanisix y nayieHmis 3 napoxcuzmom iopunsayii nepedcepos
ma iwemMiuHow X80poboI cepys ma BCMAHOBUMU X 36 530K 3 GIOOMUMU KAPOiOMemaboniuHuMu
gaxkmopamu puzuxy. Mamepianu i memoou: Obcmednceno 300 xeopux. Mu posnoodinunu ix na 3 epynu.
1 epyna — 149 xeopux na IXC 6e3 nopywens pummy, 1l epyna — 124 nayienmu 3 IXC ma napoxcuzmom
@I ma xoumponvra epyna (KI') — 27 nayieumie 6e3 IXC ma apummiil. @exanvni KIDKK suznauanu
3a 00noMO2010 2a3080i xpomamozpaghii 3 mac enekmpouHolo Oemekyieto. Pezynomamu: YV nawomy
oocnioxceni susagneno sminu emicmy KIDKKy kaniy nayienmis 3 napokcusmom @IIma IXC. [3okanponosa
ma i3omacisHa gexanivHi Kuciomu eusgnaomscs y 3paskax xeopux na IXC ma @II nopisusno 3 KI.
V xeopux na ®II ma IXC cymmeso niosuwiysascs emicm eanepianogoi (1128,43%) ma 3uusrcysascs
macnanoi (78,75%), izoeanepianosoi (56,29%), xanpunosoi (99,21%) xuciom, cepeoHbonaHy0208UX
aorcupnux kuciom (95,54%) ma nenacuuenux scupnux kuciom (38,76%) nopisuano 3 xeopumu na 1XC
oez apummiu (P<0,05). Haubinbwa xinbkicms xopensayiti oyna midxc s3aeanvror xinvkicmio KJ/DKK,
CEPEOHbONAHYIO20BUX HCUPHUX KUCTOM (3a2anbHA KilbKicmbs = 7), MaciaHoi kuciomu (3a2aivHa
Kitbkicms = 6) i kapoiomemaboniunumu paxmopamu pusuxy (P<0,05). ROC-ananizom 0osedero
sadxcaugy pois 3azanvhoi kinekocmi KIDKK (AUC = 0.7907) ma macnanoi kucnomu (AUC = 0.7127) y
sunuxHenni napoxcusmy @Iy xeopux na IXC. Bucnosku: Y xeopux na napoxcuzm giopunayii nepedceposb
ma iwemiyHy xXeopooy cepys GUSEIEHO NOPYUIEHH CUHME3Y KOPOMKOIAHYIOOBUX IHCUPHUX KUCILOM.
3anpononysamu Ho6i cnocobu Kopekyii KuuKkosoi Mikpobiomu ma xapoiomemaboniyHux (axkmopis
pusuxy 6yoe yikago 0isi MAuOYMHIX 00CIi0HCeHD. Copyright: © 2024 by the authors;

licensee USMYJ, Kyiv, Ukraine.
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