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R K PRk R R PCS 5 HF 22 8] 77 76 W
k&R, HalgeE ot 2L 25 HF R £k
Jie, AL EE AR HE R N KOs L 3N S RE S A o
PCSif it “ROS-W - K™ Hlrhn & 20/48 ¥ .0 )
B, B, 456 M EEAR PCS 7K S 0] B8 X 15 B Al
WBITHF A EZEZE L., RIOTATLUE S THiE™
PCS B AR Bk . 1R W B 500 A A9 5%, Bk Nrf2 3800 71
i KBt SE A

g Bk, IS, TMAO. PCS., IAA ¥3t A
‘Wi — sk — O UE ST Bowih, #E HE fhdt
2OCRIE— A4 BOBRE, INSHERAS
AT . TMAOME.OHLREE S /M ERE, 1S
I PCS W [ 3K 8l 5 S50 = A, TAA W2 Bf
PRy — R R . WS FIE B, TMAO A
T S8 BE () ) k- RN BE N T 2, R Y ET A UG
BT AR R 1S 5 PCS EH H IR] ik R o A4 XL
B, fE2ME R R AR EZ M IAAEYE &
A WL RAE. 1S, TMAO, PCS 1] 44



b | AZE SN g 3 114

HATE W2l e 229 -

ABA HF Koy, TR AR R
kRN FE T R, M 2 RN+ —
fil T B BIRL, ORI P AR O HE 9
Bi7 $1 OB AT AT

3 % it

GDUTS Al fig il i f i o WUBETE . N B D RE R
. SRAEFNEF AL S HLH] , 2 2552 0 HF /Y ik 5 #1
Pia , Mk R R R HE B2 0 2 0 500
8TOBAN CMERET BB, WEd CHLE — Ik
o— 00" =4elE, BT BmE b
BEPL . xF s, w48 "W SR LA
9 HE B — 205 Wil 5L i . AR RET =
YEReAl . B —, FERBTIERE IR R AT TS, HIE R
B — BASI B G4 A B R R D — A — O T g
PUREE; 55—, J8 8 Z d o BEALN IR 2817 IR
PRAGAIE , 50 25 R bR K W KU 4 J2 BhE e g
B—wiE— Y THBEL AR B,
ORI R e fl v i, HEBEIR T TREE R4 . FMO3
0 4] 7R L R e B R R D7 S i AL IE
P RS UE—~HE i A A7 FIER, 8 R — T
RO A L 3 IR AL T GDUTSAR
WEETE, P IRR R A SN R, 9 HE B3
AR T B T 4 AT B SR

[ &% 3]

(1] A B2 20 VA R 25 23 2, b Il B D B 2 00 a0 5 PN B = U
gy E B2 0 ) g Lol 2= 012 55 ELG ) i
LW AR I 46 B 2024 [T ] ARG LB TG 28 35, 2024, 52(3)
235-275.

[2] Shahim B, Kapelios CJ, Savarese G, et al. Global public health
burden of heart failure: An updated review[J]. Card Fail Rev.
2023,9:ell.

[3] McDonagh TA, Metra M, Adamo M, et al. 2021 ESC
guidelines for the diagnosis and treatment of acute and chronic
heart failure[ J]. Eur Heart J,2021,42(36) : 3599-3726.

[4] Szlagor M, Dybiec J, Miynarska E, et al. Chronic kidney
disease as a comorbidity in heart failure [J]. Int J Mol Sci,
2023,24(3):2988.

[5] LuC,Wul,Tang MY et al. Indoxyl sulfate in atherosclerosis
[J]. Toxicol Lett, 2023, 383:204-212.

[6] Pasini E, Aquilani R, Testa C, et al. Pathogenic gut flora in
patients with chronic heart failure [J]. JACC Heart Failure,
2016,4:220-227.

[7] Forkosh E, Ilan Y. The heart-gut axis: New target for
atherosclerosis and congestive heart failure therapy [J]. Open
Heart,2019,6(1):e000993.

[8] Nagatomo Y, Tang WH. Intersections between microbiome

[11]

[14]

[17]

[18]

[19]

[20]

[21]

[23]

and heart failure: Revisiting the gut hypothesis [J]. J Card
Fail,2015,21(12):973-980.

Kamo T, Akazawa H, Suda W, et al. Dysbiosis and
compositional alterations with aging in the gut microbiota of
patients with heart failure [J]. PLoS One, 2017, 12 (3) :
€0174099.

Organ CL, Otsuka H, Bhushan S, et al. Choline Diet and its
gut microbe - derived metabolite, trimethylamine N - oxide,
exacerbate pressure overload - induced heart failure [J]. Circ
Heart Fail,2016,9:e002314.

Violi F, Cammisotto V, Bartimoccia S, et al. Gut-derived low-
grade endotoxaemia, atherothrombosis and cardiovascular
disease[ J]. Nat Rev Cardiol,2023,20(1) :24-37.

Madan S, Mehra MR. The heart-gut microbiome axis in
advanced heart failure [J]. J Heart Lung Transplant, 2020,
39(9):891-893.

B, B mOANTE A R L T8 R AR AR
P12 WE A BT B WF ST HE R D] R P2 il 4z, 2021,48(1 D)
4261-4274.

Violi F, Castellani V, Menichelli D, et al. Gut barrier
dysfunction and endotoxemia in heart failure: A dangerous
connubium?[J]. Am Heart J, 2023,264:40-48.

Lugman A, Hassan A, Ullah M, et al. Role of the intestinal
microbiome and its therapeutic intervention in cardiovascular
disorder[J]. Front Immunol, 2024,15:1321395.

Ahmad AF, Caparros-Martin JA, Gray N, et al. Insights into
the associations between the gut microbiome, its metabolites,
and heart failure[J]. Am J Physiol Heart Circ Physiol, 2023,
325(6):h1325-h1336.

Jing L, Zhang H, Xiang Q, et al. Role of trimethylamine N-
oxide in heart failure [J]. Rev Cardiovasc Med, 2024,
25(7):240.

Cunha RSD, Azevedo CAB, Falconi CA, et al. The Interplay
between uremic toxins and albumin, membrane transporters
and drug interaction[ J]. Toxins (Basel),2022,14(3):177.
Kishimoto H, Nakano T, Torisu K, et al. Indoxyl sulfate
induces left ventricular hypertrophy via the AhR-FGF23-
FGFR4 signaling pathway [J]. Front Cardiovasc Med, 2023,
10:990422.

Nakano T, Katsuki S, Chen M, et al. Uremic toxin indoxyl
sulfate promotes proinflammatory macrophage activation via
the interplay of OATP2B1 and DIl4-notch signaling [J].
Circulation, 2019,139(1) : 78-96.

Ito S, Yoshida M. Protein-bound uremic toxins: New culprits
of cardiovascular events in chronic kidney disease patients[J].
Toxins (Basel),2014,6:665-678.

Rossi M, Campbell KL, Johnson DW, et al. Protein-bound
uremic toxins, inflammation and oxidative stress: A cross-
sectional study in stage 3 - 4 chronic kidney disease[J]. Arch
Med Res,2014,45:309-317.

LvJ,Chen J, Wang M, et al. Klotho alleviates indoxyl sulfate-
induced heart failure and kidney damage by promoting M2

macrophage polarization [J]. Aging (Albany NY) , 2020,



230 -

FEUSE T — ARG A IR PR EE R 0 T i IR

[28]

[29]

[30]

[31]

[32]

12(10):9139-9150.

EH AR Nl R 19 50 1L BB AR G B S SR (T ]
o L A WE ST, 2023, 21(3) 1 203-207.

He S,Jiang H, Zhuo C, et al. Trimethylamine/trimethylamine-
N-oxide as a key between diet and cardiovascular diseases[J].
Cardiovasc Toxicol, 2021,21(8):593-604.

Wang Z, Klipfell E, Bennett BJ, et al. Gut flora metabolism of
disease [J].

phosphatidylcholine cardiovascular

Nature,2011,472(7341):57-63.

promotes

Tang WH, Wang Z,Fan Y, et al. Prognostic value of elevated

levels  of intestinal microbe - generated metabolite
trimethylamine-N-oxide in patients with heart failure: Refining
the gut hypothesis [J]. J Am Coll Cardiol, 2014, 64: 1908-
1914.

E R BRI, 55 A = KT S )
MASTEDF Tt [T ], B2 24 541, 2024 ,43(03) :414-418.

Wang Z, Klipfell E, Bennett BJ, et al. Gut flora metabolism of
phosphatidylcholine cardiovascular disease [J].
Nature,2011,472(7341) :57-63.

Li Z, Wu Z, Yan J, et al. Gut microbe-derived metabolite

promotes

trimethylamine N-oxide induces cardiac hypertrophy and
fibrosis[J]. Lab Invest, 2019,99:346-357.

Wei H, Zhao M, Huang M, et al. FMO3-TMAO axis
modulates the clinical outcome in chronic heart-failure patients
with reduced ejection fraction: Evidence from an Asian
population[J]. Front, 2022,16(2) : 295-305.

PR, EAL T, BRI R PR B 3R = i -N- S X 240K
S0 0 M0 B B BIL R S IR R S T ) AR R TR
Ak, 2022,39(4) :848-852.

[33]

[38]

[39]

Li M, Ding Y, Wei J, et al. Gut microbiota metabolite indole-

3-acetic acid maintains intestinal homeostasis
through mucin sulfation [J]. Gut Microbes, 2024, 16 (1) :
2377576.

EAEN A H, B8 A i R R T A P sk R
55 g 3 T B R0 0 0% R LTDL b G o A W g 2021,
19(4):324-329.

TIRKEE , B AR, SR 77 A2 RO ) S 0 R T 1 T R U 1Y
RGN [T]. h AL LA 225, 2021,49(10) : 1006-1013.

Zwaenepoel B, De Backer T, Glorieux G, et al. Predictive

epithelial

value of protein-bound uremic toxins for heart failure in
patients with chronic kidney disease [J]. ESC Heart Fail,
2024,11(1):466-474.

Han H, Zhu J, Zhu Z, et al. P-cresyl sulfate aggravates cardiac
dysfunction associated with chronic kidney disease by
enhancing apoptosis of cardiomyocytes[J].J Am Heart Assoc,
2015,4:e001852.

Gryp T, Vanholder R, Vaneechoutte M, et al. P-cresyl sulfate
[J]. Toxins (Basel),2017,9(2):52.

Lin CJ,Wu V,Wu PC, et al. Meta-analysis of the associations
of p-cresyl sulfate (PCS) and indoxyl sulfate (IS) with
cardiovascular events and all-cause mortality in patients with
chronic renal failure.[J] PLoS One,2015,10(7) :e0132589.

o FRTE, E AL IR L 1 A A%V R O R0 1 A R
HERE PR LT PR G 2 A, 2024, 24(2) £ 136-142.
Wu PH, Lin YT, Chiu YW. et al. The relationship of indoxyl
sulfate and p-cresyl sulfate with target cardiovascular proteins

in hemodialysis patients[J]. Sci Rep,2021,11(1):3786.
(AL HH.2H)



