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[ Abstract ]

In recent years, with the in—depth study of cardiovascular disease and intestinal microecology, the relationship between

The interaction between intestinal flora and human body is related to the pathogenesis of many diseases.

cardiovascular disease and intestinal flora has been gradually recognized, which provides a new direction for the treatment of
cardiovascular disease.This paper reviews the relationship between intestinal flora and hypertension, coronary heart disease
and heart failure from the perspective of intestinal flora imbalance, in order to provide some reference for further exploring the
relevant mechanism of intestinal flora and cardiovascular disease.

Cardiovascular diseases; Intestinal flora; Metabolites of intestinal flora; Mechanism; Review

[ Key words ]

O MU A LT A 7 3 i — B AR EE 2 Y
B ES . EARREE AR AOTR  S i L TR
PR, O BN A R EOE R S A NI R T =
@R T IE R N HARSE ™ W) LS A BE AR TR (short—chain
fatty acids, SCFAs) . JHit A2, A1k =W % (trimetlylamine
oxide, TMAO ) FI LAY AMRA UG BT FE , IR O il 4578
W A A S R, S R AR O VA B VR T U 4
B ARSCEE N TE R BE SR T iE RS
JE. 0 B T AR OC T, BTE P IR R I E
RS0 AR AR SCHL RIS, —E S B A
E¢UH: BERAAMNFESHBTE (81804045) ;
BRI KERARGF TEFHTA (2016CYJS08A01 )
1.250014 tWARATFRTT, AR EZRY

2.250011 INARAE BRI, WA BR 2~ i I B2 e Lo Bk
EEEH: HCF, E-mail: suwenge68@163.com

WHE

EE A RIL

H TE TR S0 A LE L 3 1 Wl F) 25 R B A BPR
HRE— A AREE o NRE B — 2T 44
ABIRGE, MEHELTMREY, MHXLepiEy 50
Iﬁﬂﬁ%,ﬁﬁﬁﬁﬂ&%%ﬁ%ﬁmmﬁﬁm%@mﬁ
A%%ﬁ%ﬁﬁ PRI o i BT LA S A

CAERARERE RIS, HoA fi i TR A RO
H@ FURRFT B, RARMERA TS EER, TG
AU R S5 EYIHA. REmIER ). kBN
AR AT (AT A E RS BT
RZMPHG, P EBUEY G R R G PR IR
ARCEAE I AE, RmRA R . mERE A, BRI
HOH R i, — ELHE BRI 5 s M M 3 5 35 21 SR At oz
HLATRES AP o

i3 AR A SR SE R A 2R TR AR Y, RS AL RN
TREH i T R R SR SR B A 3R 5 B AR s 30D T R A



SIEFHC I 005 2% 5 202 146 H 252945 6111

BRMAE: hup: //www.syxnf.net S13-

TN EGE , EHACENE s BB R 259 AT Tr
AEFEH W mE R, SRS AT, R
A i WD, A EE (IR AR ) SR,
PEMF TR 576 F AT ERRES, &Rk 2R .

Rt . Utk SRS T J2 W 3 TR R 4 i B AR A AR AFALE
HAZHEAA SR A @B HA TR, fERZ 3T
ML T, B RE . 18 £S5 Z AL T3S AR
— B Z BT (EFRIRE SRRSO | ke KA
fih KSR BT (INHTAERSE) ), E WA R AR,
TR RIS 18 R SAR PR 2 TIADIRAS, 1 DL 4
TRt EREPE s
2 BEEMESEMEMNEXE
2.0 FEIEBH R YAN &5 R R R 4
BARXT 60 11 J52 2 M v 1 He o S8 75 60 {51 ekt BT B 110 S fi
REATHATIN G, G55 B A 1 e ol s 18 1 T A v 2
PR B W SR AN R |« BEBK R AZERI AT R 2
T el o X 125 g T AT AR v SCIFAs 77 A T 00 280 407 7 i 1 i R
AR MR . — I Sei s R N, H A e IR
[ B B w BE RN AR R A JERERE ] S AT T
FE IR R A D LS WIS R R, R I AR
B R A AR AR TR R, H R I i
JE A AR IO/ BUA N 2 S BOCH /N UL T
2.2 S A R AR 3 R SCFAs (
LGOI . TIRANT IR ) N2 R B A 2 5 M 5 1 1
TEHRZ—"" . AR RY, SCFAs ] L i 55
AR 78 ( olfactory receptor 78, Olfr78 ) Fll G EREEZ R 41 (G
protein—coupled receptor 41, GPR41) 454G Z /W F & 48 2
Ik EAG, PN RTE S A ABR/ NS IKEY 01678 Tk i
BR B, SRR TS AN, NIRRT LLE i 25 G i A
P 1 f9 GPR41 TR BRI R A ) . aRpFse
O1fr78 1 GPRAT PN [7] 1) 52 44 5 [l — BC 44 S WX i s 3 45
PR T HRAVER], ML ATE MR . GPR41 7ERARACE Y
MR PR TR R, H R BB N R Y LGP sk B s (HEEE N
FR/K VTt OW78 i , I 230 A= 3 FE Y R B e LA
B7 AR R A9 %% 2 . PLUZNICK ' B9 W, ik 2 aT LT
e OLr78 BEPRI B e /NER Iy L, AL AT B o R PLEL T
i T TR AR L A 1 SCRAs, HETTSZ IR T IR . 2]
DA 2o 9855 S i 28 5k i B AR B P s ik, BRAEAT
SPEs RN, B R BT R IRE IR, T R
i T RISz AR AR IA D, X T RE S BCTAKE R TR IR Y Il
FEMFEFIREAR, 1A AT BB/ SCFAs 34 52 8l 2 K hAix 11 1)

SRR A AT RERLE O A, Wi A AT i B

St 1 BRI e . ek [ e & D
P T SRR . AR R, Wi R A
e T I BB B NG I TR AR 2 (4n
HWEN ) 257 Rt .

TEH AR, oA T Al e U e e ta s .
— FLl 1B G G VR 23 s i f T I, B e SR B 5| R 4%
PERONE, T EUNE T . B, 38 S R A AT e R

PE TR RGN AN 2 R Ge . 52l L ) e R4 i 1l 45
PR T
3 BBERESEORINEXE
301 EOREEBIERRR A SO R I IE RS
e A EA BT ASIR] . CUT 45 1™ 3 aof 25 388 k00 1 T BE 40 29
ot Lo 1 B A8 RN 35 (0 (e B S AR i TR R A B, T
o SR AURF R DT o O T e B, SRR T DR o 1
i TS
3.2 ATE TR XS T Lo f R PR 2R A5
321 JpEWERESIERE BEIEATRRY], 516 B, il
TR S 22 1 e A it e S PRI RE ), HCRBAE B A2 241
AHEAR SR ORI SY), ofd EiRALREE; tbAl, il
WRE A2 1 SCFAs W] LIAE %0 . ME 1 BRI g 17 5 ARSI
Pyt GIE R R EENE L 3 MRS AR KA
(1) PAIERRERT LAt EAREIHALI B, IR IR
SCFAs, HEMI{EHERRIIARER; (2) Wil s n] Lhid i i gk i
75 NG Wi A X F (fasting—induced adipocyte factor, FIAF)
FEARYR TG AN 2 DR DT A Ak, TR = b Y
fEFFR TR NERE:  (3) IATE BIREE AT LUE R 835 P IRE R
JPR 2R 2R ¢ N1 5 485 32 e 2 1 T 1 R B 10 R AL A R A R
SR BN, JBZ2HE (lipopolysaccharide, LPS) ¥ £,
PETIETE S R SARRE 2k
322 JAHIEWERE SR BRERTIR R, IR 8 O
o A A DRV B S s TR DR R, HOR R, R R R
SRR AR ARG, IR 5 L OB ORGP HG
KT WIER RS SRS W PLH F R kiE i 2, F2IA
B AR AT RE S BOR RN B AR e (miE bR
BERIR ) L 1T SCFAs FIIE 1R P8 o0 BB IR 114 g 18 e B A
TEFF, HETTSEAGERF SCRAs FIBRIT IR e 25 B4k,
I TATRE S IAIAE AT LAGE A 8 SCFAs 45428 . LPS BEiH £ |
2 SR R AR 5 2 R 55 20 M D e 1 . IR 5 18 1k R A
IS, SETR MR S, R SRR R
323 JREREBFSMARRE MRS 5O R Y.
Bk FERE AL — i R BT IR B (118 M S RE MR, R e O
1 F BRI Z —. BEAEDFIER WL, i 38 o 1 o i g o
B8 CAnAEGE . TMAO ) 232 7 3h Jhik s+ A AL 148 e
WP RS 7 o Wil AR 2K L 25 50 SCFAs ZK T IR I
TMAO & BBi/b , BETT R E ARG oGt , PR Ag R
FU %2l 1 Xt 839 44 323RK % 101 TSN . it ik e
R BHEEC (body mass index, BMI) FHIMLARFEFRIEAT R G0 00 1
KB, MBI R RN RE BMI, = MRS A
FERRE TR, B o Ot 3 T R T RE R AR A B 2
TE AR S, R K 20 7 el o 1) H
324 JHIEWEREE A ORI RTRENLE]  BHT, BEE X i
BRI I A SR A, O IS A T T 2
IR R BN, BH BB ER S S5 E.0m 0
WAEERAPLRI T REA R . (1) i W E o {2 3F TMAO /™
A TS N RE O A A XU = — I BE 1 BA B AT 5 1 AEFT il
I TMAO A 555 0o B2 87 A B PR O JIL A R o



.14.

BKEFR, ZFRPA T 353 BBk 8 ik ik 5 & B
R MRl R R, SR TR, SIS TMAO KTl
B0 T I A o WL 0 T T R R sk e AL fr s -, 1%
WFFEXT 4 B TMAO 7K F-Fh i3 1 5 sh bk R Ak AR TR 4L T4
N 3ZHE AEPERABIESE, E/NRIKE A I TMAO s
B I TMAO 7K T, 3 JCORE R 32 20 AR 358 2 ok o A £
TeBE e i AU 2 3 P, HHLEI AT RES TMAO HA B
Wit vk, AT 2 Sl ks Al AL T e 2 i 4 B A1 A R
RN E A S R T R R A TMAO 7 B
i T B AR (R A T, TMAO SR8 F = H e, i = H e il
ot e AR S A L PR Bl S T Pl 55 3 0 ol = A
(Y, SRIE BT F A B2 A B AL A TMAO . (2)
i T8 A AR AT LA SE 3 2 5 PR R AR T etk el o 0 i A T
TEATLAAMIRR o —T0 e T RE Lo S5 IR R A 5 i 1
TR IOBIE ST R, Sl 000 £R 3 I PR IR 7K ST 25 T fle R o R 2
HIE O A B STl 7, D3l e A Ve T R
Dt PR AR , 5105 A5 P R TR , R G O A
4 BEEBESOHEBHEXYE

4.1 077 B I IE RN I EOR B 2 I A R
BR, O 7 0B R T TR R AL A R A AR AR 22 5,
MAYERHOFER %5 " 58 53 i 2 16SrRNA JE 9 & B, 15
X R ML, O R T R AL, R
BRSO, JERERE T T S U] R . cut 45 il
T XF 53 PG s T EIE SR AN 41 ) el B R A 2 RE AR
AT R SR A A R B, 8O 7 5208 R 3 RN e B I
J i R RFALRAT A 22 5, FLrh I8 0 0 B8 R W il R
e AP PEmD | IR R 2

4.2 B EEETD SRR REER ST R, iE R
A RESE AT 2 AL A s e 2 AR (f0FE TMAO. SCFAs
AR ) TS0 5 Y L O R R L
T B RE G, AREREEEAZ . AR, VTR
SRS HUE I B (I 2L B ARG LPS )
IR ERIRER, SRS & SRR RN, (R0 T
FEHERE O ISR A T BRI 6 879 1A
DIFEE B, ARER, WEZAEREERE LI TMAO
K5 EBR RO BEFE (UL JURESE ) A4 PET R 5L I
M, FE7R TMAO 1T IAE R0 ) 30 TS A KL Ak Sz ) A
L cur s T BRI, 0 R R Il R A Y
B A Can T EER ) AR FACY) (4 TMAO ) Lhil A,
FERIATE SCFAs RYAH B (3 [CFFEE ) Wb, 35 ICHF
WEREE N TR AW Z—, T BRERTED 5 MAERE i
FREESER My i A B, S b T R R KRR T
PR SRR Sk S, JINE AR IR, U b R BEZ 4
A R UNLPS 0Bl , tE— 2 i Je i A 4 B e s
TMAO W] 45 FBOH AT B /NG 0] S 21 4 AL AN D) BE B A, 31X
AT RER AR RO Sy vy ik e A TR e AL 22— BT, RV AR
INKIE—FIMES 5T, BFIT WIS 0 7 508 £ I
S50 R BT, L S IR R L T
NS BB RGEMA R H, 4R S 0%

PJCCPVD  June 2021, Vol.29 No.6 hitp: //www.syxnf.net

TR LU A9 T RE RGO ) il SR U, HaZ
HE) TIRRTFFCAIES:, 0 TANG 45 2 BFge kM, Bz
PRAT LA TERE R He ) e, IR 5~ (NF) - B
ik, WERRMERNL, BEECIRE .

5 BEEBENEBELESIER

BEE. S e 3 N T ki i1k Kack LB FUR - ). 7B}
BRI T A R AR L A T A P o BRE A 0 19141 o ok o 1
oA P v i P A A 2 — B R b A VAT S, ERR
MERER, H2ZJ5 89 2 J R EAT R R 259 6 4~ H AL
MY —2Re 25, (B RS ERIES B m N, s HrH
PRI RE P E RS T I R, SRR 3l 1 I
WAL O LAM %5 VO HRIE R, ANFEREE T AT LA/
O JUVEEFEIE L, GAN %5 BFF8 & B, b 78 26 /4 B RE G 0
FIEZE/ N LI R . TANG % % S e K i 22 30 M 3%
PiA R (HAPERIPRN YD AL ) AT 3% TMAO KA 3, 4t
PEFATME] TMAO /4, i FAHEA: 35 % TMAO KPR
SRR . =W ERIRAE X FR “ffRsE” , JE—F R A
P 3 LN S AR T 1T 51 R A PR R L, HARTE R T, IR
AN A7 = . BEAERTFE R, BT =l IRAE S
., W R AU 2 — MR TR, R E T
PR R R R DUt 2 L ST R,
MR 42 S PE T AR R AOARIGYT (AT 2R A Y S e
TRYT ) TR IE o A i T TR T AT B T R A KU
MAYERHOFER % " 150 1l 7.0 % 5t 1. 53 4 < 40% 1o F
S Ty il A BENLIr R 3 4, 432 THUE R AR ST
s AR AR B RE ARSI (), S5 R BN, ST
oA Z MR W] A TR A I RS5O I REX 15 B 2%
16 A o o TR R 0 ) 3 R TR T RS R T
UESE. MAYERHOFER % ' fF 58 & B, 0 ) 5208 8 % it
WRERTSUE ] BE SREF e AT G, W58 il i U ik
BT HUE R, PE W B ) i B P T — e e
o
6 NG

i ERTIR, W IE RS O RO A B IR G,
T AR ERE o T A O U B R R T —Fh
BHIARENAITIA, HE SRR U R A
P T AR 5 T LAAE S Bl 36O IS R 19 A3 2T B (i A 2k
—HRIT,

HHTrak: REEBRTLFOMBE B, Lak/ A
K, FBBEHL; AXLFRATIF G TR, FaFL
FEHARA T, BRAEIE; FNB R IATR / FA R E S Rt
e XLayear; RER, =, HEZHATELET;
Bk, BRRE, FLERFTIFHRFEMATA

AL RA B R
Sk
[1] VEMURI R, GUNDAMARAJU R, SHASTRI M D, et al.Gut

microbial changes, interactions, and their implications on human

lifecycle: an ageing perspective [ J ] .Biomed Res Int, 2018,

2018: 4178607.DOI: 10.1155/2018/4178607.



SIEFHC I 005 2% 5 202 146 H 252945 6111

BRMAE: hup: //www.syxnf.net S15-

[2] FASSARELLA M, BLAAK E E, PENDERS J, et al.Gut
microbiome stability and resilience: elucidating the response to
perturbations in order to modulate gut health[ J ].Gut, 2021, 70( 3 ):
595-605.DOI: 10.1136/gutjnl-2020-321747.

[3] GILBERT J A, BLASER M J, CAPORASO J G, et al.Current
understanding of the human microbiome| J ].Nat Med, 2018, 24( 4 ):
392-400.DOI: 10.1038/nm.4517.

[4] YAN Q, GUY, LIX, et al.Alterations of the gut microbiome in
hypertension [J] .Front Cell Infect Microbiol, 2017, 7: 381.
DOI: 10.3389/fcimbh.2017.00381.

[ 5] PLUZNICK J L.Gut microbiota in renal physiology: focus on short—
chain fatty acids and their receptors [ J ] .Kidney Int, 2016, 90(6):
1191-1198.DOI: 10.1016/.kint.2016.06.033.

[6]LIJ, ZHAO F, WANG Y, et al.Gut microbiota dysbiosis

contributes to the development of hypertension [J] .Microbiome,

2017, 5 (1) : 14.DOI: 10.1186/s40168-016-0222-x.

MIYAMOTO J, KASUBUCHI M, NAKAJIMA A, et al.The role of

—
-
[

short—chain fatty acid on blood pressure regulation [ J | .Curr Opin
Nephrol Hypertens, 2016, 25 (5) : 379-383.DOI: 10.1097/
mnh.0000000000000246.

PLUZNICK J.A novel SCFA receptor, the microbiota, and blood
pressure regulation [ J ] .Gut Microbes, 2014, 5 (2) : 202-207.
DOI: 10.4161/gmic.27492.

NATARAJAN N, HORI D, FLAVAHAN S, et al.Microbial short

—
oo
[

—
=]
[

chain fatty acid metabolites lower blood pressure via endothelial G
protein—coupled receptor 41[ J | Physiol Genomics, 2016, 48( 11 ):
826-834.DOI: 10.1152/physiolgenomics.00089.2016.

[10] YANG T, MAGEE K L, COLON-PEREZ L M, et al.Impaired
butyrate absorption in the proximal colon, low serum butyrate
and diminished central effects of butyrate on blood pressure in
spontaneously hypertensive rats [ J ] .Acta Physiol: Oxf, 2019,
226 (2) : e13256.D01: 10.1111/apha.13256.

[11] POLL B G, XU J, JUN S, et al.Acetate, a short—chain fatty
acid, acutely lowers heart rate and cardiac contractility along with
blood pressure [ J | .J Pharmacol Exp Ther, 2021, 377 (1) :
39-50.DOI: 10.1124/jpet.120.000187.

[12] KIM S, GOEL R, KUMAR A, et al.Imbalance of gut microbiome
and intestinal epithelial barrier dysfunction in patients with high
blood pressure [ J ] .Clin Sci: Lond, 2018, 132 (6) : 701-718.
DOI: 10.1042/cs20180087.

[13] ZUOK, LIJ, XU Q, et al.Dyshiotic gut microbes may contribute
to hypertension by limiting vitamin D production [ J ] .Clin
Cardiol, 2019, 42 (8) : 710-719.DOI: 10.1002/clc.23195.

[14] HAYES C L, DONG J, GALIPEAU H J, et al.Commensal
microbiota induces colonic barrier structure and functions that
contribute to homeostasis [ J ] .Sci Rep, 2018, 8 (1) : 14184.
DOI: 10.1038/s41598-018-32366-6.

[ 15] JAKOBSSON H E, RODRIGUEZ-PINEIRO A M, SCHUTTE A,

et al.The composition of the gut microbiota shapes the colon mucus

barrier [ J ] .EMBO Rep, 2015, 16 (2) : 164-177.DOI:
10.15252/embr.201439263.

[ 16 ] TORAL M, ROBLES-VERA I, DE LA VISITACION N, et al.
Critical role of the interaction gut microbiota —sympathetic nervous
system in the regulation of blood pressure [ J | .Front Physiol,
2019, 10: 231.DOI: 10.3389/fphys.2019.00231.

[17 ] TORAL M, ROBLES-VERA I, DE LA VISITACION N, et al.
Role of the immune system in vascular function and blood pressure
control induced by faecal microbiota transplantation in rats [Jl.
Acta Physiol: Oxf, 2019, 227 (1) : e13285.DOI: 10.1111/
apha.13285.

[18 ] CUIL, ZHAO T T, HU H B, et al.Association study of gut flora
in coronary heart disease through high—throughput sequencing

[J] .Biomed Res Int, 2017, 2017: 3796359.DOI:
10.1155/2017/3796359.

[ 19 ] DEN BESTEN G, LANGE K, HAVINGA R, et al.Gut—derived
short—chain fatty acids are vividly assimilated into host carbohydrates
and lipids [J] . Am]J Physiol Gastrointest Liver Physiol, 2013,
305 (12) : G900-910.DOI: 10.1152/ajpgi.00265.2013.

[20 ] FLINT H J, SCOTT K P, DUNCAN S H, et al.Microbial
degradation of complex carbohydrates in the gut [ J ] .Gut
Microbes, 2012, 3 (4) : 289-306.DOI: 10.4161/gmic.19897.

[21] QIAO Y, SUN J, XIA S, et al.Effects of resveratrol on gut
microbiota and fat storage in a mouse model with high—fat-induced
obesity [ J] .Food Funct, 2014, 5 (6) : 1241-1249.DOI:
10.1039/¢3£060630a.

[22] KOBYLIAK N, VIRCHENKO O, FALALYEYEVA
T.Pathophysiological role of host microbiota in the development of
obesity [ J ] .Nutr J, 2016, 15: 43.DOI: 10.1186/s12937-016-
0166-9.

[23]ZHI C, HUANG J, WANG J, et al.Connection between gut
microbiome and the development of obesity [ J | .Eur J Clin
Microbiol Infect Dis, 2019, 38 (11) : 1987-1998.DOI:
10.1007/s10096-019-03623—x.

[ 24 ] WA 2 BUBE IR & IO R TRATIRBLRIARE R R BT D .
Kt REPERRF, 2015.

[25] ZHAO L, LOU H, PENG Y, et al.Elevated levels of circulating
short—chain fatty acids and bile acids in type 2 diabetes are linked
to gut barrier disruption and disordered gut microbiota [J ] .
Diabetes Res Clin Pract, 2020, 169: 108418.DOI: 10.1016/
j.diabres.2020.108418.

[26] Wahl, LR, 2%, 4. HEERS 2 2BRKCRMN
Wt [J] . LR, 2019, 40 (9) : 1069-1071.DOI:
10.3969/j.issn.1000-0399.2019.09.032.

[27] WANG Z, TANG W H, BUFFA J A, et al.Prognostic value of
choline and betaine depends on intestinal microbiota—generated
metabolite trimethylamine-N-oxide[ J . Eur Heart J,2014,35( 14 )
904-910.DOI: 10.1093/eurheartj/ehu002.

[28 ] TANG W H, WANG Z, LEVISON B S, et al.Intestinal microbial



.16.

metabolism of phosphatidylcholine and cardiovascular risk [ J] .
N Engl J Med, 2013, 368 (17) : 1575-1584.DOI: 10.1056/
nejmoal109400.

[29] FU J, BONDER M J, CENIT M C, et al.The gut microbiome
contributes to a substantial proportion of the variation in blood lipids
[J] .Circ Res, 2015, 117 (9) : 817-824.DOI: 10.1161/
circresaha.115.306807.

[30 ] SENTHONG V, LI X S, HUDEC T, et al.Plasma trimethylamine
N-oxide, a gut microbe—generated phosphatidylcholine
metabolite, is associated with atherosclerotic burden [ J] .
J Coll Cardiol, 2016, 67 (22) : 2620-2628.DOI: 10.1016/
j.jacc.2016.03.546.

[31] WANG Z, KLIPFELL E, BENNETT B J, et al.Gut flora
metabolism of phosphatidylcholine promotes cardiovascular disease

[J] .Nature, 2011, 472 (7341) : 57-63.DOL: 10.1038/
nature09922.

[32] KOETH R A, WANG Z, LEVISON B S, et al.Intestinal
microbiota metabolism of l-carnitine, a nutrient in red meat,
promotes atherosclerosis [ ] ] .Nat Med, 2013, 19 (5) : 576-
585.DOI: 10.1038/nm.3145.

[33] TROSEID M, AndERSEN G 0, BROCH K, et al.The gut
microbiome in coronary artery disease and heart failure: current
knowledge and future directions [ J ] .EBioMedicine, 2020, 52:
102649.DOI: 10.1016/j.ebiom.2020.102649.

[34] Ex, ZRE 5w O 5 WIE TS0 A D 5 DRI A AY O 2
gt L3 ] BUCHERA ARYF, 2012, 17 (6) : 327-330.
WANG L, LI Q.Imbalance of fecal microbiota in patients with
coronary heart disease is correlated with uric acid metabolism [ J ] .
Modern Digestion & Intervention, 2012, 17 (6) : 327-330.

[35 ] RXBBE, WREEMR, 407 OB IRIR A5 il RS>
A [1] P EAREAEY) IR0, 2018, 13 (5) & 524~
527.DOI: 10.13350/j.cjpb.180516.

ZHAO QQ, SHENY B, LID F.The relationship between uric acid
metabolism and the composition of intestinal flora in patients with
coronary artery disease [ J ] .Journal of Parasitic Biology, 2018,
13 (5) : 524-527.DOI: 10.13350/j.cjpb.180516.

[36 ] MAYERHOFER C C K, KUMMEN M, HOLM K, et al.Low fibre
intake is associated with gut microbiota alterations in chronic heart
failure [ J ] .ESC Heart Fail, 2020, 7 (2) : 456-466.DO1:
10.1002/ehf2.12596.

[37] CUILX, YEL, LIJ, etal.Metagenomic and metabolomic analyses
unveil dysbiosis of gut microbiota in chronic heart failure patients

[J] .Sci Rep, 2018, 8 (1) : 635.D0I: 10.1038/541598-017~
18756-2.

[38 ] YISSACHAR N, ZHOU Y, UNG L, et al.An intestinal organ
culture system uncovers a role for the nervous system in microbe—
immune crosstalk [ J ] .Cell, 2017, 168 (6) : 1135-1148.e12.
DOI: 10.1016/j.cell.2017.02.009.

PJCCPVD  June 2021, Vol.29 No.6 hitp: //www.syxnf.net

[39] 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 cachexia [Jji.
J Am Coll Cardiol, 2014, 64 (11) : 1092-1102.DOI: 10.1016/
jjace.2014.06.1179.

[40] JIAQ, LIH, ZHOU H, et al.Role and effective therapeutic target
of gut microbiota in heart failure [ J ] .Cardiovasc Ther, 2019,
2019: 5164298.DOI: 10.1155/2019/5164298.

[41] LI W, HUANG A, ZHU H, et al.Gut microbiota—derived
trimethylamine N-oxide is associated with poor prognosis in patients
with heart failure [ J | .Med J Aust, 2020, 213 (8) : 374-379.
DOI: 10.5694/mja2.50781.

[42 ] MAYERHOFER C C K, UELAND T, BROCH K, et al.Increased
secondary/primary bile acid ratio in chronic heart failure [ J ] .J Card
Fail, 2017, 23(9 ): 666-671.DO1: 10.1016/j.cardfail.2017.06.007.

[43] TANGWHW, LIDY, HAZEN S L.Dietary metabolism, the gut
microbiome, and heart failure| J ] .Nat Rev Cardiol, 2019, 16(3):
137-154.DO1: 10.1038/s41569-018-0108-7.

[44] EME, FAJp B BRSO R PITBER [ ] .
B Rl BE %% 45 IR, 2017, 37 (5) : 729-733.DOL: 10.3969/
j.1ssn.1001-6325.2017.05.029.

WANG Y, CAT J.Gut microbiota and cardiovascular disease [J] .
Basic & Clinical Medicine, 2017, 37 (5) : 729-733.DOI:
10.3969/j.issn.1001-6325.2017.05.029.

[45]Q1'Y, ARAndA J M, RODRIGUEZ V, et al.Impact of antibiotics
on arterial blood pressure in a patient with resistant hypertension—a
case report [ J | .Int J Cardiol, 2015, 201: 157-158.DOI:
10.1016/j.ijcard.2015.07.078.

[46 ] LAM V, SU J, KOPROWSKI S, et al.Intestinal microbiota
determine severity of myocardial infarction in rats [J] .Faseb J,
2012, 26 (4) : 1727-1735.DOI: 10.1096/fj.11-197921.

[47] LAM V, SUJ, HSU A, et al.Intestinal microbial metabolites are
linked to severity of myocardial infarction in rats [J] .PLoS One,
2016, 11 (8) : e0160840.DOI: 10.1371/journal.pone.0160840.

[48] GAN X T, ETTINGER G, HUANG C X, et al.Probiotic
administration attenuates myocardial hypertrophy and heart failure
after myocardial infarction in the rat [ J ] .Circ Heart Fail, 2014, 7

(3) : 491-499.D01: 10.1161/circheartfailure.113.000978.

[49 ] MACKAY R J, MCENTYRE C J, HENDERSON C, et al.
Trimethylaminuria: causes and diagnosis of a socially distressing
condition [ J | .Clin Biochem Rev, 2011, 32 (1) : 33-43.

[50 ] MAYERHOFER C C K, AWOYEMI A O, MOSCAVITCH S D,
et al.Design of the GutHeart—targeting gut microbiota to treat heart
failure—trial: a Phase I, randomized clinical trial [ J ] .ESC
Heart Fail, 2018, 5 (5) : 977-984.DOI: 10.1002/ehf2.12332.

(ki HI: 2021-01-16; &I H . 2021-03-24)
(ASChit s ke )



