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1.Introduction

Acute myocardial infarction (AMI) is the main cause of cardiovascular death
which entails serious concerns [1-2]. The most frequent arrhythmia in AMI
patients is atrial fibrillation (AF). AMI patients with newly diagnosed AF are
at higher risk of reinfarction, strokes, heart failure, and sudden cardiac death
[3]. Therefore, the treatment of AMI patients with newly diagnosed AF has
always been a hot spot in the field of cardiovascular research [4-6].

The gut microbiota resides in hosts’ intestine and participates in various
pathological and physiological processes of hosts. Current research shows
that the dysbiosis of gut microbiota has been proposed to be a pathogenic
factor in several diseases such as diabetes, hypertension, atherosclerosis and
thrombotic event [7-10]. So far, many articles with regard to cardiovascular
disease and gut microbiota have been published [11-13]. While the
association between gut microbiome and AMI with newly diagnosed AF is
still lack of relevant research. This study aims to detect the change of gut
microbiota in AMI patients with newly diagnosed AF through high-
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throughput sequencing and metabonomic analysis. We suggest the findings
from this study will be clinically beneficial for the diagnosis and treatment
of AMI patients with newly diagnosed AF.

2.Materials and methods

Study population

From August 2021, the research has recruited three AMI patients with newly
diagnosed AF (group A), nine AMI patients (group B) and eighteen patients
(group C) who underwent physical examination in the same hospital. The
study excluded patients who take antibiotics or ingest probiotics within three
months; patients using antibiotics in skin within one month; and patients with
intestinal diseases or a history of bowel surgery [14].

Sample collection and sample detection

Research subjects emptied their stool into special stool collection containers.
After the defecation was completed, research subjects need to scoop up 59
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deep stool and place it in the professional stool DNA preservation solution.
The stool samples were stored at -80°C until further processing.

The DNA of gut microbiota were extracted by using the QlAamp DNA stool
kit. We designed the target region and fusion primers according to the
requirements of the sequencing platform, and used a two-step method for
PCR amplification. The PCR amplification product obtained in the previous
step were recovered by using 2% agarose gel. We used the AxyPrep DNA
Gel Extraction Kit to purify the amplified PCR product. we used the Illumina
sequencing platform to perform high-throughput sequencing on samples we
collected. Finally, untargeted LC-MS based metabolomics research was
carried out by MS2-NEG and MS2-POS analysis [15-16].

Data analysis

The composition of gut microbiota among three groups were presented at the
classification level of phylum and genus. Wilcoxon rank sum test was used
to compare the abundance of each microbiota when value distribution
deviated from normality. When testing the differences of alpha diversity, T-
test was used to compare three indexes between two groups. NMDS plots
generated from weighted uniface distances were used to display the
discrepancy between different groups. Untargeted LC-MS based
metabolomics research was carried out by MS2-NEG and MS2-POS

phylum
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analysis. Finally, we conducted a correlation analysis between metabolites
and species.

3. Results
3.1 Composition of gut microbiota

This part mainly analyzed the gut microbiota composition of three groups at
phylum and genus classification levels. As shown in the figurel, Firmicutes,
Bacteroidetes and Proteobacteria dominated the gut microbiota composition
of three groups at phylum level. At genus classification level, Bacteroides
and Prevotella were two kinds of microbiota with the highest abundance. The
most differentially abundant microbiota among three groups was identified
by LEfSe analysis (figure 2).

At phylum classification level, the abundance of each species was different
among three groups. The microbiota with statistically significant differences
between AMI and AMI with newly diagnosed AF groups were Firmicutes
(P=0.036) and Actinobacteria (P=0.018). While at genus classification level,
the abundance of Prevotella (P=0.009), Parabacteroides (P=0.036) in AMI
with newly diagnosed AF group were lower than that in AMI group, while
the abundance of Bifidobacterium (P=0.018), Dorea (P=0.036) Eggerthella
(P=0.013), Peptoniphilus (P=0.039), Acinetobacter (P=0.016) were higher.

genus
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Figure 1: Differences of gut microbiota composition among three groups
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Figure 2: The results of LEfSe analysis.
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3.2 The differences of gut microbiota with regard to alpha and beta
diversity

With regard to alpha diversity, reflecting intra-individual variance, three
indexes (ace index, chao index, simpson index) were evaluated. There was a
difference in simpson index, indicating that the species diversity of three
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groups was different. Meanwhile, the species diversity of AMI with newly
diagnosed AF group was lower than that of AMI group (P=0.037).

For beta diversity, NMDS plots generated from weighted unifrac distances
were used to display the discrepancy between different groups (figure 3).
Beta diversity analysis revealed a highly significant separation.
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Figure 3: Beta diversity differed significantly among three groups

3.3 Untargeted LC-MS based metabolomics approach

In untargeted LC-MS based metabolomics approach, metabolomics with
VIP (variable importance in projections) value greater than one can be
regarded as differential metabolites. There were 20 metabolites with
statistical differences between AMI and AMI with newly diagnosed AF
groups based on MS2-NEG analysis. While according to the MS2-POS
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analysis, Hydroquinone, 4-Hydroxybenzaldehyde, Phenethylamine, 2-
Phenylacetamide, L-Glutamic acid, gamma-Glutamylleucine, 1-
AMINOCYCLOPROPANECARBOXYLATE, Oxypurinol, 6-

methoxyquinoline, Chenodeoxycholyllysine, Sphingosine, NAE 20:1 and N-
METHYL-D-ASPARTIC ACID were significantly different between two

groups (figure 4).
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Figure 4: hierarchical clustering heat map between AMI and AMI with newly diagnosed AF groups.

3.4 Correlation analysis
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Correlation analysis between differential metabolites and differential
microbiota (genus level) were presented in the form of heat map (figure 5).
Thermogram can reflect the correlation between microbiota and metabolites
through color gradient. As shown in the following figure, the abundance of
Prevotella was negatively correlated with 7-Methylguanine (P=0.002), N-
Acetyltyrosine (P<0.001) and L-Isoleucine (P=0.002) based on MS2-NEG
analysis. According to MS2-POS analysis, we found that Prevotella was
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negatively correlated with 4-Hydroxybenzaldehyde (P=0.005) and
Sphingosine (P=0.004). While the abundance of Parabacteroides was
negatively correlated with L-Tyrosine (P=0.007) and 6-methoxyquinoline
(P=0.004). In other words, the decrease of Prevotella and Parabacteroides in
AMI patients with newly diagnosed AF may lead to an increase in some
metabolites such as N-Acetyltyrosine, L-Isoleucine, 7-Methylguanine, L-
Tyrosine, Sphingosine, 6-methoxyquinoline and 4-Hydroxybenzaldehyde.
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Figure 5: Correlation analysis between differential metabolites and differential microbiota between AMI group and AMI with newly diagnosed AF group.

4.Discussion

The microbial community in the human gut includes trillions of interacting
microbes, which plays an important role in affecting human health and
diseases [17-19]. A theory called gut hypothesis of coronary heart disease
(CHD) has attracted the attention of cardiovascular physician. While the
association between gut microbiome and AMI patients with newly diagnosed
AF is still lack of relevant research. Therefore, we plan to conduct a large-
scale study to explore the characteristic changes of gut microbiome in AMI
patients with newly diagnosed AF. This article presented the preliminary
results of this study.

Through the preliminary exploration of gut microbiota in AMI patients with
and without newly diagnosed AF, we have obtained many valuable results.
Dysbiosis of gut microbiota has been found both in AMI patients and AMI
patients with newly diagnosed AF. The species diversity of gut microbiota
decreased most significantly in AMI with newly diagnosed AF group. The
reduction of species diversity will affect normal physiological processes in
patients, thus making AMI fall into a vicious circle [20-22].

In this study, we identified the differences of gut microbiota between the
AMI patients, AMI patients with newly diagnosed AF and controls. At genus
classification level, the abundance of Prevotella and Parabacteroides in AMI
with newly diagnosed AF group were lower than that in AMI group, while
the abundance of Bifidobacterium, Dorea, Eggerthella, Peptoniphilus,
Acinetobacter were higher [23-25]. Parabacteroides is one of the main
components of human gut microbiome. This microbiota has been proved to
regulate mucosal immune system, reduce inflammation and participate in
carbon metabolism. In addition, Parabacteroides can secrete short chain fatty
acids such as acetate and propionate to affect the health of the host [26-28].
Together, the changes of gut microbiota in AMI patients with newly
diagnosed AF was a decrease in the abundance of Parabacteroides which is
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associated with anti-inflammatory effects. This prolonged inflammatory
state may have a bad impact on the prognosis of these patients. We further
conducted a correlation analysis between differential metabolites and
differential microbiota. We have shown that Parabacteroides was negatively
correlated with L-Tyrosine and 6-methoxyquinoline. 6-methoxyquinoline is
an intermediate product of glycolysis. In another words, the decrease of
Parabacteroides in AMI patients with newly diagnosed AF will further
activate the glycolysis pathway. Enhanced glycolysis leads to excessive
accumulation of hydrogen ions and lactic acid in cardiomyocytes. This
change can cause endoplasmic reticulum stress and mitochondrial
dysfunction which will further aggravate myocardial injury [29-31]. While
L-Tyrosine is one of the key substances in the methionine metabolism
pathway. It is the precursor of bioactive substances such as catecholamine
neurotransmitters (such as dopamine, norepinephrine and epinephrine),
thyroid hormone and melanin. The increase of L-tyrosine in AMI patients
with newly diagnosed AF will cause the activation of substances such as
epinephrine, then affecting the cardiac remodeling [32-34]. In conclusion,
these changes will influence the glycolysis pathway and amino acid
metabolism, thus affecting the prognosis of patients [35-37]. However, the
increase of 7-Methylguanine, N-Acetyltyrosine, L-Isoleucine, 4-
Hydroxybenzaldehyde and Sphingosine caused by Prevotella have not been
confirmed to be associated with AMI [38-40].

As the preliminary research of a large-scale clinical study, our research also
obtained many valuable results. This study provided relevant information on
the characteristic changes of gut microbiota in AMI patients with newly
diagnosed AF. However, due to the limited sample size the results of this
study need to be further verification and confirmation. We suggest that
further research will be clinically beneficial for the specific diagnosis and
treatment of AMI patients with newly diagnosed AF.

5.Conclusions
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There was an imbalance of gut microbiota in AMI patients, including AMI
patients with newly diagnosed AF. The changes of gut microbiota in AMI
patients with newly diagnosed AF was a decrease in the abundance of
microbiota which is associated with anti-inflammatory effects. And the
species diversity of AMI patients with newly diagnosed AF tended to be
lower. The results of correlation analysis showed that these changes will
influence multiple metabolic pathways, thus affecting the prognosis of
patients.

Ethical Approval: This study has been approved by the Fourth
Affiliated Hospital of Soochow University Ethic Board and registered in
Chinese Clinical Trial Registry (ChiCTR2100050121). Research subjects
were assessed for eligibility and written informed consent.

Conflict of Interest: None

Author contribution: ZH, YJ, and YZ designed the study. ZH wrote
the first draft of this report. YZ and YJ helped to write the final version. All
authors read and met the criteria for authorship and agree with the results and
conclusions of the report.

Acknowledgment and Fundings

This work was supported by grants from National Natural Science
Foundation of China (81873486), the Science and Technology Development
Program of Jiangsu Province-Clinical Frontier Technology (BE2022754),
Clinical Medicine Expert Team (Class A) of Jinji Lake Health Talents
Program of Suzhou Industrial Park(SZYQTD202102), Suzhou Key
Discipline for Medicine(SZXK202129), Demonstration of Scientific and
Technological Innovation Project (SKY2021002), Suzhou Dedicated Project
on Diagnosis and Treatment Technology of Major Diseases(LCZX202132),
Research on Collaborative Innovation of medical engineering
combination(SZM2021014), Research on Collaborative Innovation of
medical engineering combination (SZM2022003), Suzhou Key Laboratory
of Diagnosis and Treatment of Panvascular Diseases(SZ2S2023021).
Research on Collaborative Innovation of Medical Engineering Combination
(SZM2022019).

Reference

1. Dalen JE, Alpert JS, Goldberg RJ, Weinstein RS. (2014). The
epidemic of the 20(th) century: coronary heart disease. Am J
Med. 127(9):807-812.

2. Pollard TJ. (2000). The acute myocardial infarction. Prim Care.
27(3):631-vi.

3. Frampton J, Ortengren AR, Zeitler EP. (2023). Arrhythmias
After Acute Myocardial Infarction. Yale J Biol Med. 96(1):83-
94.

4. Liu C, Sun Z, Shali S, et al. (2022). The gut microbiome and
microbial metabolites in acute myocardial infarction. J Genet
Genomics. 49(6):569-578.

5. Zhong X, Zhao Y, Huang L, et al. (2023). Remodeling of the gut
microbiome by Lactobacillus johnsonii alleviates the
development of acute myocardial infarction. Front Microbiol.
14:1140498.

6. Liu M, Wang M, Peng T, et al. (2022). Gut-microbiome-based
predictive model for ST-elevation myocardial infarction in
young male patients. Front Microbiol. 13:1031878.

7. Patterson E, Ryan PM, Cryan JF, et al. (2016). Gut microbiota,
obesity and diabetes. Postgrad Med J. 92(1087):286-300.

8. Yang Z, Wang Q, Liu Y, et al. (2023). Gut microbiota and
hypertension: association, mechanisms and treatment. Clin Exp
Hypertens. 2023;45(1):2195135.

Auctores Publishing LLC — Volume 6(4)-133 www.auctoresonline.org
ISSN: 2692-9759

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

Copy rights@ Xiaofei Mei.

Verhaar BJH, Prodan A, Nieuwdorp M, Muller M. (2020). Gut
Microbiota in Hypertension and Atherosclerosis: A Review.
Nutrients. 12(10):2982.

Zhu W, Gregory JC, Org E, et al. (2016). Gut Microbial
Metabolite TMAO Enhances Platelet Hyperreactivity and
Thrombosis Risk. Cell. 165(1):111-124.

Liu L, He X, Feng Y. (2019). Coronary heart disease and
intestinal microbiota. Coronary Artery Disease. ;30(5):384-389.
Zhou X, Li J, Guo J, et al. (2018). Gut-dependent microbial
translocation induces inflammation and cardiovascular events
after ST-elevation myocardial infarction. Microbiome. 6(1):66.
Li W, Li H, Wang S, et al. (2022). Regional pattern and
signatures of gut microbiota in rural residents with coronary
heart disease: A metagenomic analysis. Front Cell Infect
Microbiol. 12:1007161.

lizumi T, Battaglia T, Ruiz V, Perez Perez Gl. (2017). Gut
Microbiome and Antibiotics. Arch Med Res. 48(8):727-734.
Zreloff ZJ, Lange D, Vernon SD, Carlin MR, Cano RJ. (2023).
Accelerating Gut Microbiome Research with Robust Sample
Collection. Res Rev J Microbiol Biotechnology. 12(1):33-47.
Szostak N, Szymanek A, Havranek J, et al. (2022). The
standardisation of the approach to metagenomic human gut
analysis: from sample collection to microbiome profiling. Sci
Rep. 12(1):8470.

Liu Y, Zheng G, Jin X, Fan T, Chen Z, et al. Influence of Gut
Microbiota and Trimethylamine N-Oxide in Patients with
Coronary Heart Disease. Int Heart J.

Liu L, He X, Feng Y. (2019). Coronary heart disease and
intestinal microbiota. Coron Artery Dis. 30(5):384-389.

Long D, Mao C, Zhang X, et al. (2022). Coronary heart disease
and gut microbiota: A bibliometric and visual analysis from
2002 to 2022. Front Cardiovasc Med. 9:949859.

Alvarez J, Fernandez Real JM, Guarner F, et al. (2021). Gut
microbes and health. Microbiota intestinal y salud.
Gastroenterol Hepatol. 44(7):519-535.

Ramirez J, Guarner F, Bustos Fernandez L, Maruy A, Sdepanian
VL, et al. (2020). Antibiotics as Major Disruptors of Gut
Microbiota. Front Cell Infect Microbiol. 10:572912.

Chen L, Li S, Xiao Q, et al. (2021). Composition and diversity
of gut microbiota in Pomacea canaliculata in sexes and between
developmental stages. BMC Microbiol. 21(1):200.

Tett A, Pasolli E, Masetti G, Ercolini D, Segata N. (2021).
Prevotella diversity, niches and interactions with the human
host. Nat Rev Microbiol. 19(9):585-599.

Sharma G, Garg N, Hasan S, Shirodkar S. (2022). Prevotella: An
insight into its characteristics and associated virulence factors.
Microb Pathogy. 169:105673.

Tett A, Huang KD, Asnicar F, et al. (2019). The Prevotella copri
Complex Comprises Four Distinct Clades Underrepresented in
Westernized Populations. Cell Host Microbe. 26(5):666-679.e7.
Cui Y, Zhang L, Wang X, et al. (2022). Roles of intestinal
Parabacteroides in human health and diseases. FEMS Microbiol
Lett. 369(1): fnac072.

Ezeji JC, Sarikonda DK, Hopperton A, et al. (2021).
Parabacteroides distasonis: intriguing aerotolerant gut anaerobe
with emerging antimicrobial resistance and pathogenic and
probiotic roles in human health. Gut Microbes. 13(1):1922241.
Qiao S, Liu C, Sun L, et al. (2022). Gut Parabacteroides merdae
protects against cardiovascular damage by enhancing branched-
chain amino acid catabolism [published correction appears in
Nat Metab. 5(1):184. Nat Metab. 4(10):1271-1286.

Page 6 of 7



Cardiology Research and Reports

29.

30.

31.

32.

33.

34.

35.

This work is licensed under Creative
Y Commons Attribution 4.0 License

To Submit Your Article Click Here:

Leyva F, Wingrove CS, Godsland IF, Stevenson JC. (1998). The
glycolytic pathway to coronary heart disease: a hypothesis.
Metabolism. 47(6):657-662.

Kadir AA, Stubbs BJ, Chong CR, et al. (2023). On the
interdependence of ketone body oxidation, glycogen content,
glycolysis and energy metabolism in the heart. J Physiol.
601(7):1207-1224.

Martin-Puig S, Menendez-Montes 1. (2024).
Metabolism. Adv Exp Med Biol. 1441:365-396.
Slominski A, Zmijewski MA, Pawelek J. (2012). L-tyrosine and
L-dihydroxyphenylalanine as hormone-like regulators of
melanocyte functions. Pigment Cell Melanoma Res. 25(1):14-
27.

Yu X, Chen X, Amrute-Nayak M, et al. (2021). MARK4
controls ischaemic heart failure through microtubule
detyrosination. Nature. 594(7864):560-565.

Mathar D, Erfanian Abdoust M, Marrenbach T, Tuzsus D, et al.
(2022). The catecholamine precursor Tyrosine reduces
autonomic arousal and decreases decision thresholds in
reinforcement learning and temporal discounting. PLoS Comput
Biol. 18(12): €1010785.

Qi Q, LiJ, YuB,etal. (2022). Host and gut microbial tryptophan
metabolism and type 2 diabetes: an integrative analysis of host

Cardiac

36.

37.

38.

39.

40.

Copy rights@ Xiaofei Mei.

genetics, diet, gut microbiome and circulating metabolites in
cohort studies. Gut. 71(6):1095-1105.

Agus A, Clément K, Sokol H. (2021). Gut microbiota-derived
metabolites as central regulators in metabolic disorders. Gut.
70(6):1174-1182.

Dodd D, Spitzer MH, Van Treuren W, et al. (2017). A gut
bacterial pathway metabolizes aromatic amino acids into nine
circulating metabolites. Nature. 551(7682):648-652.

Liu Y, Zhu Q, Guo G, et al. (2024). Causal associations of
genetically predicted gut microbiota and blood metabolites with
inflammatory states and risk of infections: a Mendelian
randomization analysis. Front Microbiol. 15:1342653.

Wang X, Sun G, Feng T, et al. (2019). Sodium oligomannate
therapeutically remodels gut microbiota and suppresses gut
bacterial amino acids-shaped neuroinflammation to inhibit
Alzheimer's disease progression. Cell Res. 29(10):787-803.
Krga I, Tamaian R, Mercier S, et al. (2018). Anthocyanins and
their gut metabolites attenuate monocyte adhesion and
transendothelial migration through nutrigenomic mechanisms
regulating endothelial cell permeability. Free Radic Biol Med.
124:364-379.

Ready to submit your research? Choose Auctores and benefit from:

Submit Manuscript

YVVVYVYVYYVY

DO1:10.31579/2692-9759/133

fast, convenient online submission

rigorous peer review by experienced research in your field
rapid publication on acceptance

authors retain copyrights

unique DOI for all articles

immediate, unrestricted online access

At Auctores, research is always in progress.

Learn more https://www.auctoresonline.org/journals/cardiology-research-and-

reports

Auctores Publishing LLC — Volume 6(4)-133 www.auctoresonline.org
ISSN: 2692-9759

Page 7 of 7


file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://auctoresonline.org/submit-manuscript?e=77
https://www.auctoresonline.org/journals/cardiology-research-and-reports
https://www.auctoresonline.org/journals/cardiology-research-and-reports

