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[ Abstract] In recent years, with the progress of multi-omics and next-generation sequencing technology,
the association between gut microbiome and cardiovascular diseases has attracted great attention around the
world. Gut microbiota, as a “microbial organ” , directly regulates the host’s health status through lipopolysac-
charide, metabolites like trimethylamine oxide and short-chain fatty acids, and affects the host’s immunity
through bacteria and their products. “Gut-heart axis” may be a breakthrough in the prevention and treatment of
cardiovascular diseases. The paper briefly discusses the relationship between gut microbiome and cardiovascular
diseases, the possible ways in which gut microbes affect cardiovascular health, and the regulation of gut micro-
biota by various factors.
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1.1 EAREhRKIRRERE 1L 1 O B SR

etk B ik ks R A AL O IERA  ( coronary atheroscle-
rotic heart disease, CHD) LLaEIR Bl ik ok A A8 £k Ay 9 B
B, AR O I Y B AR TSR,
CHD HBEWE AT EE ( Enterobacteriaceae) |
BRTH B ( Streptococcus ) P 03 = TR X R, T
TER M BB | SRR IS RE 4o, 6 Y S
MR SF A 2 A AR J1 RS il b (Y A1 T R
JEISIAFTERY, — RPN PR 2 5 18 A A 7E
ST RN T B 7S L i 5 1 M & WS A BN
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8 Wi 2 ( short chain fatty acids, SCFAs) AT
b,
L2 DARE

IR (PR 0 ) BE T
BN RS~ W2 B i w11V -8 AW NS <35 E 23 /7B I=N |
TERRIE Z 2RIV EREZ AR, FE TR, BA
SCFAs F2/EW i S B T B g i s
EﬂlET'D%A%%E/‘J%ﬁ%@%ﬁ, ﬂn%ﬁﬂﬁﬂ:% (Campy—
lobacter) . YPITIRE (Salmonella) ., EHH ( Shigella)
SEEBURE AR O ERE B E NS EERY
DRSO BRI AR B B, (OES I 1B T R Y
R ERAIC, MO R 0 G R RS P R
KB, s BRI RE S, BEZ 4k Kk EE A T
Ke. BRES AL, SEMBUR 2B RAESN, JedkOag i
JRUOV D SEARR T P 3 R R B Bk S LT
R e RO SRR h R B, DR
(1) i T8 TR R O RS PRI T 40 e S AR T
H A IBLEIT i — PR R
L3 BhE

SRR NFREA LE oy it s A 300 60 e 1 AT £ 1
EERFASHARL, HEMAEY R 2T, L
YR IRICH B (Prevotella) &2 EEHEIE
[, 2P R ML (fecal microbiota transplanta-
tion, FMT) AHCHIFTEUESE, & I H 8 ) 218 1 A
AT TC TR /N B IR T8, GEs 1 TR I Y B2
S ORI, e i T R S i Y
FEPE B P s ARSC, T IR DR AR T s 4 A X
PR MRS B IEAHK, 05 BCR R (Alistipes ) |
HAHER (Lactobacillus) W EAG RS
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JEARTAR MR A I A ) -5 95 9 2 28 G Tk 1) 4 G
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B AL B L AL TMAOM . BB, TMAO 3
i 40 i3 3 e 221Kk CD36, W K2R A Ik,
T AN i P UL [ A, B AR AN 5 R P450 KR
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o0 LA fi BRE T AN B A, 30— 00 S 50 0 5T
N, RIFAFTE  ( Parabacteroides merdae) [ 18 € tH
A2 R ApoE ™/ BB KR RERE AL AE AR, )i 3
il ARG A B, 2 R ADURT TR A AR R T
BCAAs HZMACE, BSCFAs ARt BF5%
BAKE 2 TR L R 21 1Y) BCAAs 3 fiff 2 R R R I, 2 A1 40
FETEX B Dkok RERE AL A B R IV 2%, TESE T A A
BCAAs (43R B T E 8Bkl HERi AL
2.3 BEEMHAREZXeER0m0 0E KR

KAVIKTE £ 5 34 w4k [ g4k . B GE R,
GRINT, X G TS 52 70 HE 26 25 A1 T AT REBE AT 0,
A T T B0 I Y £ 1S B A2 S A e B2 i Y
&, RVERERR B M B A TES A B 5 AL
WUPLEREE I ARML, B0 A B U TR Ak e v 4 K T4
AN, X O UER B 7 A2 58 SURCRE, 51k IR
WO ERE T RN BUORAEAS B, T W
HEEHZIEFTBH ( Bacteroides thetaiotaomicron) L 1F
TERAUNE DL . ZIE AT T8 70 b A — b IR 28 ) I mT 35
TE ILER R 1R S P CD4T T 4L, IR AT IgA | IgG
PR XA ATRE T R 2, Wi R B
JCAY Th17 $ g 5 W ik TGl 4% 250, U5 & R E
O . BHE T 5, W IR YO I 5 A R A T Y
G = 3 W] [ S 00 L R Y ARt
PGB, X5 T 5% S itk 0 LA 4 S8 35 3 LAt
A 2R B T AR 1) I R AN TR Y, AT RN R
O A AL Y T 2K

3 BERBEESHMERNEZERN T AT OLE
1

18 T R B 5 1A ORI L AR LA A
P, ML A BRI E R | B, B, 258, AR
SN FR R (T, k) TR SR R A R E
IIRERBLAEYY, TG A R A S PR AR AL, i X [
LA A A A Y, AR BRI X A Ak TR
Sy, hE A RLAR R S AR S TR
ORI, #2008 BRI R X



B RE S O MR . O A 2y

AR RE RO RN, F A BT S A B R
PR YRR

F 20 22 70 A A BN VR i IEE G RT3
S AWC I EETE 7/ DO S RPN N A T P S AP S
e, MR, 2 R S R T
Nature & 32 H)—DHF 5% 7R R S I3 B B T 259
— TR 25y, SR IE R R R R ()
PR o5 LB . FERT R 7 ORI, IR A
/N BT AAOCEY R BN R R WA B 7T 2
290 T RS R A, IRAMTT R
B 2k e ik 25 A 1E - (acute coronary syndrome, ACS)
S Tl T R EBUR L | PR TS B, T RE
LT T 2 Wy 3 A R 7 i 3 TR R ZE ROR B RE S T A
ACS [ Z 4, ATLURMUED , A i A AU B
B2l 2 25 P [V X T LIRS, K S 259)-
fi B E R LA S R R, A, B
PIBAA B, WA BRIl &9 2 B PR AR AR 1
W PR A CHD 535 1 i 18 T 2 4 L I v AR
R AE R TS AR W e

IR, IE A SRR 200, BRM
TR R, AR A B TR & A R
XF PR SR B, d A, R IR TR R
R NREBIRE GRS, AR 4 R 2 347 56
I, DTG R ML 4 BAB I FE AL T 52 ik — 2D A e

4 INGE

LRk, BOREZRBT IR R I T B iE YR
0 MG 2 (6] A B2 AR {H H AT 5T & BT
RESUR “Ma-CoXiid” Aok —ff, 5 2 B A7) 1E
b FERGHER AR, RLAE R R 2 U R R
18, HE— DB R il S O A R 2 18] 1Y 5= 2R A
RIKFR, BRI RFC AL, O VB B 3 43
ARG YT RN

EEREK: RO A FTER LK, REFSITHRL,
PR G T AR R . 5T L KAT IR AT
REH% | IWFHFHFREL,

FIZMR: AN FERRAEA B R

& £ X M

(1] PEOMAEEESERRS RS, EO S RS
PRy 2021 M (1], PEMEHLE, 2022, 37.

[10]

[14]

553-578.

The Writing Committee of the Report on Cardiovascular
Health and Diseases in China. Report on Cardiovascular
Health and Diseases in China 2021: an Updated Summary
[J]. Zhongguo Xunhuan Zazhi, 2022, 37 553-578.
Sender R, Fuchs S, Milo R. Are We Really Vastly Outnum-
bered? Revisiting the Ratio of Bacterial to Host Cells in Hu-
mans [J]. Cell, 2016, 164 337-340.

Jie Z, Xia H, Zhong SL, et al. The Gut Microbiome in Ath-
erosclerotic Cardiovascular Disease [ J]. Nat Commun,
2017, 8. 845.

Liu H, Chen X, Hu X, et al. Alterations in The Gut Micro-
biome and Metabolism with Coronary Artery Disease Severity
[J]. Microbiome, 2019, 7; 68.

Talmor-Barkan Y, Bar N, Shaul AA, et al. Metabolomic
and Microbiome Profiling Reveals Personalized Risk Factors
for Coronary Artery Disease [J]. Nat Med, 2022, 28.
295-302.

Fromentin S, Forslund SK, Chechi K, et al. Microbiome
and Metabolome Features of the Cardiometabolic Disease
Spectrum [J]. Nat Med, 2022, 28. 303-314.

Kummen M, Mayerhofer CCK, Vestad B, et al. Gut Micro-
biota Signature in Heart Failure Defined from Profiling of 2
Independent Cohorts [ J]. J Am Coll Cardiol, 2018, 71
1184-1186.

Beale AL, O’Donnell JA, Nakai ME, et al. The Gut Micro-
biome of Heart Failure with Preserved Ejection Fraction
[J].J Am Heart Assoc, 2021, 10: e020654.

Pasini E, Aquilani R, Testa C, et al. Pathogenic Gut Flora
in Patients with Chronic Heart Failure [ J]. JACC Heart
Fail, 2016, 4. 220-227.

Sandek A, Swidsinski A, Schroedl W, et al. Intestinal
Blood Flow in Patients with Chronic Heart Failure: A Link
with Bacterial Growth, Gastrointestinal Symptoms, and Ca-
chexia [J]. J Am Coll Cardiol, 2014, 64. 1092-1102.
Carrillo-Salinas FJ, Anastasiou M, Ngwenyama N, et al.
Gut Dysbiosis Induced by Cardiac Pressure Overload
Enhances Adverse Cardiac Remodeling in a T Cell-ependent
Manner [J]. Gut Microbes, 2020, 12 1-20.

Li J, Zhao F, Wang Y, et al. Gut Microbiota Dysbiosis Con-
tributes to the Development of Hypertension [ J]. Microbi-
ome, 2017, 5. 14.

Dinakis E, Nakai M, Gill P, et al. Association Between the
Gut Microbiome and Their Metabolites with Human Blood
Pressure  Variability [ J ]. 2022, 179:
1690-1701.

Chaudhari SN, McCurry MD, Devlin AS. Chains of

Evidence from Correlations to Causal Molecules in Microbi-

Hypertension,

Vol. 13 No. 5 729



[ U 3

[19]

[25]

[26]

[27]

ome-Linked Diseases [ J].
1046-1056.
Khan I, Khan I, Kakakhel MA, et al. Comparison of Micro-

Nat Chem Biol, 2021, 17:

bial Populations in the Blood of Patients with Myocardial In-
farction and Healthy Individuals [ J].
2022, 13 845038.

Rajendhran J, Shankar M, Dinakaran V, et al. Contrasting

Front Microbiol ,

Circulating Microbiome in Cardiovascular Disease Patients
and Healthy Individuals [J]. Int J Cardiol, 2013, 168
5118-5120.

Amar J, Lange C, Payros G, et al. Blood Microbiota Dysbi-
osis Is Associated with the Onset of Cardiovascular Events in
A Large General Population; The D. E. S. 1. R. Study
[J]. PLoS One, 2013, 8. e54461.

Zhou X, LiJ, Guo J, et al. Gut-Dependent Microbial Trans-
location Induces Inflammation and Cardiovascular Events
After ST-Elevation Myocardial Infarction [J]. Microbiome,
2018, 6. 66.

Ott SJ, El Mokhtari NE, Musfeldt M, et al. Detection of Di-
verse Bacterial Signatures in Atherosclerotic Lesions of Pa-
tients with Coronary Heart Disease [J]. Circulation, 2006,
113 929-937.

Yuzefpolskaya M, Bohn B, Nasiri M, et al. Gut Microbiota,
Endotoxemia, Inflammation, And Oxidative Stress in
Patients with Heart Failure, Left Ventricular Assist Device,
And Transplant [J]. J Heart Lung Transplant, 2020, 39.
880-890.

Violi F, Cammisotto V, Bartimoccia S, et al. Gut-Derived
Low-Grade Endotoxaemia, Atherothrombosis and Cardiovas-
cular Disease [J]. Nat Rev Cardiol, 2022, 15. 1-14.
Wang Z, Tang WHW, Buffa JA, et al. Prognostic Value of
Choline and Betaine Depends on Intestinal Microbiota-Gener-
ated Metabolite Trimethylamine-N-Oxide [J]. Eur Heart J,
2014, 35: 904-910.
Wang Z, Klipfell E, Bennett BJ, et al. Gut Flora
Metabolism of Phosphatidylcholine Promotes Cardiovascular
Disease [J]. Nature, 2011, 472. 57-63.

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

Wang Z, Roberts AB, Buffa JA, et al. Non-lethal Inhibition of
Gut Microbial Trimethylamine Production for the Treatment of
Atherosclerosis [J]. Cell, 2015, 163 1585-1595.

Li XS, Wang Z, Cajka T, et al. Untargeted Metabolomics
Identifies Trimethyllysine, A TMAO-Producing Nutrient Pre-
cursor, As A Predictor of Incident Cardiovascular Disease

Risk [J]. JCI Insight, 2018, 3. €99096.
Li XS, Obeid S, Wang Z, et al. Trimethyllysine, A Trime-

730 September, 2022

[29]

[35]

thylamine N-Oxide Precursor, Provides Near- and Long-
Term Prognostic Value in Patients Presenting with Acute

Coronary Syndromes [ J ]. FEur Heart J, 2019, 40.

2700-2709.
Zhao M, Wei H, Li C, et al. Gut Microbiota Production of
Trimethyl- 5-Aminovaleric Acid Reduces Fatty Acid

Oxidation and Accelerates Cardiac Hypertrophy [ J]. Nat
Commun, 2022, 13, 1757.

Li L, Zhong SJ, Hu SY, et al. Changes of Gut Microbiome
Composition and Metabolites Associated with Hypertensive
Heart Failure Rats [J]. BMC microbiol, 2021, 21. 141.
Kadir AA, Clarke K, Evans RD. Cardiac Ketone Body Me-
tabolism [J]. Biochim Biophys Acta Mol Basis Dis, 2020,
1866 165739.

Carley AN, Maurya SK, Fasano M, et al. Short-Chain Fatty
Acids Outpace Ketone Oxidation in the Failing Heart [J].
Circulation, 2021, 143. 1797-1808.

Tang TWH, Chen HC, Chen CY, et al. Loss of Gut Micro-
biota Alters Immune System Composition and Cripples
Postinfarction Cardiac Repair [ J ]. Circulation, 2019,
139 647-659.

Song T, Guan X, Wang X, et al. Dynamic Modulation of
Gut Microbiota Improves Post-Myocardial Infarct Tissue
Repair in Rats Via Acid-Mediated Histone
Deacetylase Inhibition [J]. FASEB J, 2021, 35. e21385.
Pluznick J. A Novel SCFA Receptor, The Microbiota, and
Blood Pressure Regulation [ J]. Gut Microbes, 2014, 5.
202-207.

Yang T, Santisteban MM, Rodriguez V, et al. Gut Dysbiosis

Butyric

is Linked to Hypertension [ J]. Hypertension, 2015, 65:
1331-1340.

Bartolomaeus H, Balogh A, Yakoub M, et al. Short-Chain
Fatty Acid Propionate Protects from Hypertensive Cardiovas-
cular Damage [J]. Circulation, 2019, 139; 1407-1421.
Mayerhofer CCK, Ueland T, Broch K, et al. Increased Sec-
ondary/Primary Bile Acid Ratio in Chronic Heart Failure
[J]. ] Card Fail, 2017, 23. 666-671.

Wu Q, Sun L, Hu X, et al. Suppressing the Intestinal Far-
nesoid X Receptor/Sphingomyelin Phosphodiesterase 3 Axis
Decreases Atherosclerosis [ J ]. J Clin Invest, 2021,
131 e142865.

Wilck N, Matus MG, Kearney SM, et al. Sali-Responsive
Gut Commensal Modulates TH17 Axis and Disease [J]. Na-
ture, 2017, 551. 585-589.

Xue H, Chen X, Yu C, et al. Gut Microbially Produced In-
dole- 3-Propionic Acid Inhibits Atherosclerosis by Promoting
Reverse Cholesterol Transport and Its Deficiency Is Causally

Related to Atherosclerotic Cardiovascular Disease [J]. Circ



B RE S O MR . O A 2y

[44]

[47]

Res, 2022, 131; 404-420.

Barreto FC, Barreto DV, Liabeuf S, et al. Serum Indoxyl
Sulfate Is Associated with Vascular Disease and Mortality in
Chronic Kidney Disease Patients [J]. Clin J Am Soc Neph-
rol, 2009, 4. 1551-1558.

Poesen R, Claes K, Evenepoel P, et al. Microbiota-Derived
Phenylacetylglutamine Associates with Overall Mortality and
Cardiovascular Disease in Patients with CKD [J]. J Am Soc
Nephrol, 2016, 27. 3479-3487.

Nemet I, Saha PP, Gupta N, et al. A Cardiovascular Dis-
ease-Linked Gut Microbial Metabolite Acts via Adrenergic
Receptors [ J]. Cell, 2020, 180 862-877. e22.
Bhattacharya S, Granger CB, Craig D, et al. Validation of
The Association Between a Branched Chain Amino Acid Me-
tabolite Profile and Extremes of Coronary Artery Disease in
Patients Referred for Cardiac Catheterization [ J]. Athero-
sclerosis, 2014, 232. 191-196.

Shah SH, Sun JL, Stevens RD, et al. Baseline Metabolomic
Profiles Predict Cardiovascular Events in Patients at Risk for
Coronary Artery Disease [J]. Am Heart J, 2012, 163:
844-850. el

Qiao S, Liu C, Sun L, et al. Gut Parabacteroides Merdae
Protects Against Cardiovascular Damage by Increasing Com-
mensal Bacteria-Driven Branched-Chain Amino Acid Catabo-
lism [ J/OL ]. (2021- 09 ) [ 2022- 08- 10 ]. https://
www. researchgate. net/publication/356941523 _Gut _Para-
bacteroides_ merdae_ protects_ against_c ardiovascular_ dam-
age_ by_ increasing_ commensal _ bacteria-driven_ branched-
chain_ amino_ acid_ catabolism.

Gowthaman U, Eswarakumar VP. Molecular Mimicry: Good
Artists Copy, Great Artists Steal [J]. Virulence, 2013, 4.
433-434.

[52]

[53]

[55]

(HieHi «

Gil-Cruz C, Perez-Shibayama C, De Martin A, et al. Micro-
biota-Derived Peptide Mimics Drive Lethal Inflammatory
Cardiomyopathy [J]. Science, 2019, 366. 881-886.
Suzuki TA, Ley RE. The Role of The Microbiota in Human
Genetic Adaptation [J]. Science, 2020, 370; eaaz6327.
Forslund SK, Chakaroun R, Zimmermann-Kogadeeva M,
et al. Combinatorial, Additive and Dose-Dependent Drug-
Microbiome  Associations [ J ]. 2021, 600;
500-505.

Vieira-Silva S, Falony G, Belda E, et al. Statin Therapy Is
Associated with Lower of Gut
Dysbiosis [J]. Nature, 2020, 581 310-315.

Hu X, Fan Y, Li H, et al. Impacts of Cigarette Smoking

Nature

Prevalence Microbiota

Status on Metabolomic and Gut Microbiota Profile in Male
Patients with Coronary Artery Disease: A Multi-Omics Study
[J]. Front Cardiovasc Med, 2021, 8: 766739.

Zhao X, Zhou R, Li H, et al. The Effects of Moderate Alco-
hol Consumption on Circulating Metabolites and Gut Microbi-
ota in Patients with Coronary Artery Disease [J]. Front Car-
diovasc Med, 2021, 8. 767692.

Tian R, Liu H, Feng S, et al. Gut Microbiota Dysbiosis in
Stable Coronary Artery Disease Combined with Type 2 Diabe-
tes Mellitus Influences Cardiovascular Prognosis [ J]. Nutr
Metab Cardiovasc Dis, 2021, 31. 1454-1466.

Hu X, Zhou R, Li H, et al. Alterations of Gut Microbiome
and Serum Metabolome in Coronary Artery Disease Patients
Complicated with Non-alcoholic Fatty Liver Disease Are As-
sociated with Adverse Cardiovascular Outcomes [ J]. Front

Cardiovasc Med, 2022, 8. 805812.

2022-08-12 5. 2022-08-24 7rZk. 2022-09-07)
(A3 . FEER)

Vol. 13 No. 5 731



