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B AR N T HAR e o B 58 SR 336 7 22 N (inverse variance weighted, 1VW) VBN EE MR ik, W, i
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MiBioGen consortium (n=18 340) and CVD data from the IEU Open GWAS database, covering four CVD types: atrial fibrillation
(n=1 030 836), coronary artery disease (n=547 261), hypertension (n=20 526), and heart failure (n=977 323). The inverse variance
weighted (IVW) method was employed as the primary analytical approach. Additionally, Cochran’s Q test was used to assess
heterogeneity of genetic instruments, the MR-Egger intercept test to evaluate horizontal pleiotropy, and leave-one-out analysis to
examine the sensitivity of single-nucleotide polymorphisms (SNPs) on the exposure-outcome causal relationship. The MR Steiger
test was applied to validate the causal direction between gut microbiota and CVDs. Results: The IVW analysis indicated that
Victivallales (OR=0.939), Howardella (OR=0.939), Anaerostipes (OR=0.922), Bifidobacteriaceae (OR=0.916), Lentisphaeria (OR=
0.936), Odoribacter (OR=0.909), Intestinibacter (OR=0.933), Lentisphaerae (OR=0.926), and Bifidobacteriales (OR=0.916) were
protective factors against atrial fibrillation, while Catenibacterium (OR=1.057), Lachnospiraceac UCGO008 (OR=1.051),
Streptococcus (OR=1.089), and Victivallis (OR=1.038) were risk factors. For coronary artery disease, Lactobacillales (OR=0.919)
and Parabacteroides (OR=0.866) were protective factors, while Veillonellaceae (OR=1.065), Lachnoclostridium (OR=1.093),
Lachnospiraceae (OR=1.094), Oxalobacter (OR=1.062), and Odoribacter (OR=1.160) were risk factors. For hypertension,
Mollicutes RF9 (OR=0.851), Coriobacteriia (OR=0.803), Coriobacteriales (OR=0.803), Coriobacteriaceae (OR=0.803), and
Intestinibacter (OR=0.819) were protective factors, while Christensenellaceae R7 group (OR=1.218), Desulfovibrio (OR=1.167) ,
and Peptococcaceae (OR=1.230) were risk factors. For heart failure, Bacillales (OR=0.955) and Anaerostipes (OR=0.899) were
protective factors, while Ruminococcus UCG009 (OR=1.107), Eubacterium oxidoreducens group (OR=1.117), Selenomonadales
(OR=1.106), Negativicutes (OR=1.107), Eubacterium eligens group (OR=1.139), and Flavonifractor (OR=1.144) were risk factors.
Cochran’s Q test showed no heterogeneity among SNPs of gut microbiota causally associated with CVDs (all P>0.05). The
pleiotropy test found no evidence of horizontal pleiotropy (all P>0.05). Leave-one-out sensitivity analysis confirmed the robustness
of the results. The MR Steiger directionality test supported the causal direction from gut microbiota (exposure) to CVDs (outcome).
Conclusion*Some gut microbiota have significant causal effects on CVDs; altering their abundance may influence CVD risk,
providing potential targets for microbiota-based intervention strategies.

[Key words] gut microbiota; cardiovascular disease; Mendelian randomization; genome-wide association study (GWAS); single-

nucleotide polymorphism (SNP)
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Tab 1 GWAS datasets for CVD

GWAS data ID Disease Sample size/n
ebi-a-GCST006414 AF 1030 836
ebi-a-GCST005195 CAD 547261
ebi-a-GCST008036 Hypertension 20 526
ebi-a-GCST009541 HF 977 323
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T WAR W 8 A W 45 VD XK PR SR G B 458 Y
LS RTERA P, AR SR SR FH LR oo 4 o 0 ROk
WP RAER T RAR R . e, ikl GWAS I B4
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4L, B EE R I T IEU Open GWAS i H
(https://opengwas. io/datasets/) . CVD ] GWAS %1 #i&
ETRAME BNk 1 s .

Case/n Control/n Population
60 620 970 216 European
122 733 424 528 European
11 863 8 663 European
47309 930014 European
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o P10 RARAEAES T HA R, HIB F<10
T B AR . FEFEARWT . F=p%ke . B
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OR=0.922) A FFw B
(Bifidobacteriaceae; OR=0.916) . Zh K Bk £ & 4
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Tab 2 Causal relationship between gut microbiota and CVD based on IVW method

Outcome

AF

CAD

Hypertension

HF

Exposure

Catenibacterium
Victivallales
Howardella
Lachnospiraceae UCG008
Anaerostipes
Bifidobacteriaceae
Lentisphaeria
Streptococcus
Victivallis
Odoribacter
Intestinibacter
Lentisphaerae

Bifidobacteriales

Lactobacillales
Veillonellaceae
Parabacteroides
Lachnospiraceae
Lachnoclostridium
Oxalobacter

Odoribacter

Mollicutes RF9
Peptococcaceae
Christensenellaceae R7 group
Coriobacteriales
Coriobacteriia

Desulfovibrio
Coriobacteriaceae

Intestinibacter

Ruminococcaceae UCG009
Eubacterium oxidoreducens group
Bacillales

Selenomonadales

Anaerostipes

Negativicutes

Eubacterium eligens group

Flavonifractor

MR
method

Ivw
Ivw
IVvw
Ivw
IVw
IVvw
IVvw
Ivw
Ivw
Ivw
IVvw
Ivw

IVw

Ivw
IVvw
VW
Ivw
Ivw
Ivw

IVw

Ivw
IVw
IVvw
Ivw
Ivw
Ivw
IVw

VW

IVw
I\AY
Ivw
IVw
Ivw
Ivw
IVvw

Ivw

SNP/n

8
10
11
13

14
14

14

15

B

-0.06

-0.06

-0.08
-0.08

-0.06

-0.09
-0.06
-0.07

-0.08

-0.08

-0.21

-0.19

@ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

se

0.025
0.023
0.019
0.025
0.037
0.034
0.024
0.039
0.018
0.046
0.031
0.022

0.034

0.032
0.026
0.050
0.038
0.039
0.020

0.047

0.068
0.086
0.100
0.085
0.085
0.062
0.085

0.083

0.030
0.043
0.022
0.044
0.043
0.044
0.057

0.053

OR (95%CI)

1.057 (1.005-1.112)
0.939 (0.896-0.984)
0.939 (0.904-0.977)
1.051 (1.001-1.104)
0.922 (0.857-0.993)
0.916 (0.855-0.980)
0.936 (0.887-0.983)
1.089 (1.008-1.177)
1.038 (1.001-1.077)
0.909 (0.831-0.996)
0.933 (0.877-0.993)
0.926 (0.886-0.968)

0.916 (0.855-0.980)

0.919 (0.862-0.980)
1.065 (1.011-1.122)
0.866 (0.784-0.956)
1.094 (1.012-1.183)
1.093 (1.011-1.181)
1.062 (1.019-1.106)

1.160 (1.056-1.275)

0.851 (0.743-0.974)
1.230 (1.038-1.458)
1.218 (1.001-1.483)
0.803 (0.679-0.950)
0.803 (0.679-0.950)
1.167 (1.033-1.318)
0.803 (0.679-0.950)

0.819 (0.696-0.965)

1.107 (1.009-1.137)
1.117 (1.026-1.215)
0.955 (0.913-0.998)
1.106 (1.013-1.208)
0.899 (0.825-0.974)
1.107 (1.014-1.208)
1.139 (1.019-1.274)
1.144 (1.031-1.270)

value

0.030
0.008
0.001
0.047
0.030
0.011
0.003
0.029
0.043
0.040
0.028
<0.001

0.011

0.010
0.018
0.004
0.023
0.025
0.004

0.001

0.019
0.016
0.049
0.010
0.010
0.012
0.010

0.010

0.022
0.010
0.010
0.023
0.013
0.023
0.022

0.011

2025,45(12)

Correct P value
causal (Steiger
direction test)

True 4.85%10™°
True 1.52x10°°
True 3.04x107°
True 2.52%107
True 5.20x10°°
True  1.42x107°
True 3.96x10°°
True 9.37x10°°
True 4.62x10™°
True 1.81x107°
True  2.28x10™°
True 5.06x107°

True 1.35x107°

True  9.28x1077
True 1.21x107°
True 6.31x107°
True  7.23x10™°
True  9.14x107°
True  6.05x10™°

True 6.42x107

True 7.23x107°
True 2.07x107°

True 9.97x107°

True 0.001
True 0.002
True 0.007
true 0.007
True 0.015

True 6.12x10°°
True 3.26x107°
True 5.84x107°
True 1.53x107°
True 3.77x107°
True 4.48%107
True  6.43x107°

True 1.06x107°
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Exposure Method SNP/n P value OR (95%CI)
Catenibacterium MR-Egger 5 0.926 —— 1.024 (0.818 to 1.282)
Weighted median 5 0.154 »:—'H 1.047 (0.983 to 1.114)
Simple mode 5 0.334 A:—M 1.043 (0.967 to 1.125)
Weighted mode 5 0.337 +H 1.043 (0.967 to 1.126)
Victivallales MR-Egger 8 0.275 <—-+ 0.906 (0.771 to 1.065)
Weighted median 8 0.043 H—: 0.939 (0.884 to 0.998)
Simple mode 8 0.085 H—: 0.907 (0.825 to 0.998)
Weighted mode 8 0.087 H—: 0.908 (0.826 to 0.999)
Howardella MR-Egger 10 0.834 —— 0.981 (0.826 to 1.166)
Weighted median 10 0.026 H—ql 0.943 (0.895 t0 0.993)
Simple mode 10 0.199 '—-—:4 0.939 (0.858 to 1.027)
Weighted mode 10 0.197 H—F 0.940 (0.861 to 1.026)
Lachnospiraceae UCG008 MR-Egger 11 0.954 % 1.008 (0.782 to 1.298)
Weighted median 11 0.417 H:-H 1.028 (0.962 to 1.099)
Simple mode 11 0.844 ﬁ'-% 1.011 (0.905 to 1.130)
Weighted mode 11 0.831 ﬁ% 1.013 (0.901 to 1.139)
Anaerostipes MR-Egger 13 0.873 <—l:—¢ 0.978 (0.749 to 1.277)
Weighted median 13 0.215 ——t 0.940 (0.853 to 1.037)
Simple mode 13 0.052 (%: 0.806 (0.663 to 0.981)
Weighted mode 13 0.739 % 0.981 (0.902 to 1.067)
Bifidobacteriaceae MR-Egger 11 0.230 <—-—F 0.864 (0.691 to 1.080)
Weighted median 11 0.142 H—:A 0.934 (0.852 to 1.023)
Simple mode 11 0.626 % 0.963 (0.831 to 1.116)
Weighted mode 11 0.221 — : ! 0.916 (0.804 to 1.045)
Lentisphaeria MR-Egger 8 0.275 e-—ﬁ 0.906 (0.771 to 1.065)
Weighted median 8 0.040 H—: 0.939 (0.885 to0 0.997)
Simple mode 8 0.101 »—-—f 0.907 (0.820 to 1.004)
Weighted mode 8 0.089 —— 0.908 (0.825 to 1.000)
Streptococcus MR-Egger 15 0.742 é—-—« 1.051 (0.785 to 1.407)
Weighted median 15 0.206 % 1.062 (0.967 to 1.166)
Simple mode 15 0.764 % 1.027 (0.864 to 1.221)
Weighted mode 15 0.669 % 1.037 (0.880 to 1.223)
Victivallis MR-Egger 10 0.452 H:-—< 1.013 (0.962 to 1.067)
Weighted median 10 0.668 ~:H 1.011 (0.960 to 1.065)
Simple mode 10 0.989 >—l|-% 1.001 (0.922 to 1.086)
Weighted mode 10 0.991 %:-— 1.011 (0.920 to 1.110)
Odoribacter MR-Egger 7 0.171 It 0.789 (0.589 to 1.056)
Weighted median 7 0.036 e-%: 0.873 (0.768 to 0.992)
Simple mode 7 0.137 <-—Ir< 0.841 (0.689 to 1.025)
Weighted mode 7 0.132 «—:ﬂ 0.841 (0.691 to 1.022)
Intestinibacter MR-Egger 15 0.071 i—: 0.819 (0.671 to 1.000)
Weighted median 15 0.056 H—E 0.922 (0.849 to 1.002)
Simple mode 15 0.362 —+ 0.931 (0.802 to 1.080)
Weighted mode 15 0.355 % 0.932 (0.808 to 1.076)
Lentisphaerae MR-Egger 9 0.183 e-—:—« 0.881 (0.745 to 1.042)
Weighted median 9 0.018 »—-H: 0.927 (0.871 to 0.988)
Simple mode 9 0.285 ——t— 0.943 (0.852 to 1.043)
Weighted mode 9 0.157 H—:* 0.932 (0.853 to 1.018)
Bifidobacteriales MR-Egger 11 0.230 <—I—:—< 0.864 (0.691 to 1.080)
Weighted median 11 0.166 —-—:— 0.934 (0.847 to 1.029)
Simple mode 11 0.655 »—-% 0.963 (0.820 to 1.131)
Weighted mode 11 0.231 H—: 0.916 (0.801 to 1.048)
P<0.05 was considered statistically significant 0.8 15
Protective factor ~ Risk factor

1 ET4MMRESWAEREN S AFEARX RHTRWHE
Fig1 Forest plot of causal relationship between gut microbiota and AF based on 4 MR methods
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W B (Veillonellaceae;; OR=1.065) . (Oxalobacter; OR=1.062) . LS HJE (OR=1.160)
Lachnoclostridium  (OR=1.093) . £ & H Fl ECAD MG R (F2). 7o 4R 5 ik AN J7
(Lachnospiraceae; OR=1.094) . & [ T W 8 S5 IVW A —E (F2),
Exposure Method SNP/n P value OR (95%CI)
Lactobacillales MR-Egger 15 0.848 % 0.984 (0.834 to 1.161)
Weighted median 15 0.029 - : 0.904 (0.826 to 0.990)
Simple mode 15 0.216 e-—:—‘ 0.895 (0.756 to 1.059)
Weighted mode 15 0.143 e-—r 0.884 (0.757 to 1.033)
Veillonellaceae MR-Egger 19 0.995 —— 1.000 (0.893 to 1.121)
Weighted median 19 0.265 H:—-— 1.044 (0.967 to 1.127)
Simple mode 19 0.509 %‘—' 1.055 (0.903 to 1.231)
Weighted mode 19 0.652 %’% 1.035 (0.892 to 1.202)
Parabacteroides MR-Egger 6 0.301 = : i 0.820 (0.591 to 1.139)
Weighted median 6 0.058 <= 0.873 (0.759 to 1.005)
Simple mode 6 0.346 %'—:—‘ 0.905 (0.749 to 1.093)
Weighted mode 6 0.206 é!—:— 0.867 (0.715 to 1.051)
Lachnospiraceae MR-Egger 17 0.045 :‘—'— 1.232 (1.021 to 1.485)
Weighted median 17 0.032 I—— 1.111 (1.009 to 1.224)
Simple mode 17 0.043 : —_— 1.224 (1.022 to 1.466)
Weighted mode 17 0.103 4—% 1.139 (0.982 to 1.321)
Lachnoclostridium MR-Egger 13 0.612 % 1.144 (0.897 to 1.460)
Weighted median 13 0.067 —— 1.100 (0.993 to 1.218)
Simple mode 13 0.245 %% 1.114 (0.937 to 1.324)
Weighted mode 13 0.273 . i 1.101 (0.934 to 1.297)
Oxalobacter MR-Egger 11 0.307 —_— 1.109 (0.919 to 1.338)
Weighted median 11 0.035 :—'4 1.058 (1.004 to 1.115)
Simple mode 11 0.166 —:—‘% 1.067 (0.980 to 1.162)
Weighted mode 11 0.187 = 1.063 (0.977 to 1.156)
Oldoribacier MR-Egger 7 0.933 ——— 1.154 (0.965 to 1.380)
Weighted median 7 0.093 -:—'— 1.115 (0.982 to 1.266)
Simple mode 7 0.233 >—:—-—‘ 1.120 (0.947 to 1.324)
Weighted mode 7 0.272 b : = i 1.107 (0.939 to 1.306)
P<0.05 was considered statistically significant 0;8 115

2 ETF4MMREDTHEREDNS CAD BRX R FHFHE

Protective factor

Risk factor

Fig 2 Forest plot of causal relationship between gut microbiota and CAD based on 4 MR methods

223 @R AN L5 TR PIRE R MR 43Hr
Al 1 Mollicutes RF9  (OR=0.851) , 4L #& I 0
OR=0.803) . H (Coriobacteriales;
OR=0.803) . F} (Coriobacteriaceae; OR=0.803), LI
I Intestinibacter (OR=0.819) &= IfilJEAY LRI £ 5
Ifii Christensenellaceae R7 group (OR=1.218) . LA
W J& (Desulfovibrio; OR=1.167) F1iH 1k Bk 1 B
(Peptococcaceae; OR=1.230) [ A N2 & M HE A
fabr R (F2), HMAFEENE, MR-Egger 7 k1)
SRR, AWHREN . B B Intestinibacter ()5
BLJT 1) 5 IVW SRR S, TnAch A%, iy il

(Coriobacteriia;

@ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

IACRE A5 B 00 J5 18] 5 IVW 7 ik —8, HARTE
RE R 4 B 5 k45 B Y &0 J5 1) 5 TVW
B (3).

224 HF MRNrEEM, ZFEFFEH (Bacillales;
OR=0.955) MIRAHEERR)E (OR=0.899) X HF HA{#
PHERT (322). ARBISEIE LI —LLfi7 JE AT HF 1M 5
R NR (£2), ##FHE RRE UCG09
(Ruminococcaceae UCG009; OR=1.107) . Eubacterium
oxidoreducens group (OR=1.117) . A AL HE H
OR=1.106) . B 1 #F w H
(Negativicutes; OR=1.107) . Eubacterium eligens group

(Selenomonadales;
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Exposure Method SNP/n
Mollicutes RF9 MR-Egger 13
Weighted median 13
Simple mode 13
Weighted mode 13
Peptococcaceae MR-Egger 9
Weighted median 9
Simple mode 9
Weighted mode 9
Christensenellaceae R7 group MR-Egger 10
Weighted median 10
Simple mode 10
Weighted mode 10
Coriobacteriales MR-Egger 14
Weighted median 14
Simple mode 14
Weighted mode 14
Coriobacteriia MR-Egger 14
Weighted median 14
Simple mode 14
Weighted mode 14
Desulfovibrio MR-Egger 10
Weighted median 10
Simple mode 10
Weighted mode 10
Coriobacteriaceae MR-Egger 14
Weighted median 14
Simple mode 14
Weighted mode 14
Intestinibacter MR-Egger 15
Weighted median 15
Simple mode 15
Weighted mode 15

P<0.05 was considered statistically significant

P value OR (95%CI)
0271 <E—— 0.732 (0.432 to 1.241)
0.044 .y 0.831 (0.694 to 0.996)
0269 = 0.833 (0.612 to 1.134)
0.243 L 0.835 (0.626 to 1.114)
0.529 s 1.035 (0.878 to 1.222)
0.071 I 1.245 (0.981 to 1.579)
0.224 L 1.318 (0.874 to 1.987)
0.191 S — 1.322 (0.901 to 1.940)
0.622 — 1.062 (0.726 to 1.554)
0.060 —— 1316 (0.988 to 1.753)
0.143 —— 1.444 (0.921 to 2.263)
0.149 . 1.438 (0.915 to 2.261)
082 ——— 1.067 (0.549 to 2.071)
0.052 = 0.792 (0.626 to 1.002)
0402 @l 0.840 (0.565 to 1.248)
0133 <@ 0.716 (0.475 to 1.078)
0852 M 1.067 (0.549 to 2.071)
0.047 - 0.792 (0.629 to 0.998)
0401  — @ 0.840 (0.566 to 1.246)
0111 <® 0.716 (0.488 to 1.051)
0.050 oo 1.462 (1.057 to 2.022)
0.094 e 1.155 (0.975 to 1.368)
0.257 - 1.196 (0.895 to 1.600)
0.112 e 1.240 (0.976 to 1.574)
0852 —f——— 1.067 (0.549 to 2.071)
0.047 — 0.792 (0.629 to 0.997)
0394  —m-— 0.840 (0.569 to 1.239)
0.139 <@+ 0.716 (0.472 to 1.085)
0612 —B— 1155 (0.670 to 1.992)
0.061 e 0.815 (0.658 t0 1.010)
0.096 <@ 0.654 (0.409 to 1.044)
0.688 o 1.106 (0.684 to 1.787)

05 25

Protective factor ~ Risk factor

3 ET4MMRESTFEMENESNERRXRIFMRE

Fig 3 Forest plot of causal relationship between gut microbiota and hypertension based on 4 MR methods

(OR=1.139) HifF#liF)E (Flavonifractor; OR=1.144)
(F2). HHN4FP AT RRON F H 5 VW i —
(K4,

2.3 &ML by

R FE G R Th RT BEAFAE ) 2P R, SR
Cochran’s Q K36 /h i) MR-Egger Fll IVW 77 1 % HF 58 45
RiAT b 450 (K3) iR, £ SNPXZJH
AR (¥P>0.05), L4, MR-Egger [F1IH 5>
Mrh R &M EZRrE (¥ P>0.05, F£3)., HTFHUEE
(DLANFERARE) HOASTR I 28 JE A oy B R %, 3K
AT W7 B T A A AR 0 T 5 0 =2 D ) PR R S Ik

http://xuebao.shsmu.edu.cn

flih, RZ B KT 28 R, Bk
MR (WA R BoR, HIER{E— SNPJF,
7 3 A R CVID RN TG B B s

2.4 MR Steiger Ji V4595

AW 38 1 MR Steiger J7 ) 74 46 56 45 H R 0,
A AN 53 A 0 a5t A% T EL AR 0 g 2 AR ) e R A
fit B 1 B 3 KT X CVD Y i B¢ i Steiger test P {H

<0.05, HAEMRFEMMIT; A RATHE T
ABETE I BUEY 9 2 E . CVD NS R IX — AR

KEMRB (F2).
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Exposure

Ruminococcaceae UCG009

Eubacterium oxidoreducens group

Bacillales

Selenomonadales

Anaerostipes

Negativicutes

Eubacterium eligens group

Flavonifractor

P<0.05 was considered statistically significant

4 ETA4MMRIESTIZEREYS HF BERXRRKE
Fig4 Forest plot of causal relationship between gut microbiota and HF based on 4 MR methods

®3 BEBEYX CVDBMKRRER KT SHES T

Tab 3 Heterogeneity and horizontal pleiotropy analysis of the effect of gut microbiota on CVD

Outcome Exposure

AF
Catenibacterium
Victivallales
Howardella
Lachnospiraceaec UCG008
Anaerostipes
Bifidobacteriaceae
Lentisphaeria

Streptococcus

Method SNP/n P value
MR-Egger 12 0410 -
Weighted median 12 0.077 -
Simple mode 12 0274 et
Weighted mode 12 0297 e
MR-Egger 4 0.459 -
Weighted median - 0.158 “I—H
Simple mode 4 0.375 ftiﬂ
Weighted mode 4 0.337 Ha—
MR-Egger 9 0.431 HHIH
Weighted median 9 0.125 ":
Simple mode 9 0312 o
Weighted mode 9 0.324 H:ﬂ
MR-Egger 12 0159 -
Weighted median 12 0.033 :H—
Simple mode 12 0.111 i
Weighted mode 12 0.123 “I—-H
MR-Egger 13 0.686 FI:H
Weighted median 13 0.175 il
Simple mode 13 0.384 H1IH
Weighted mode 13 0372 '
MR-Egger 12 0.159 -
Weighted median 12 0.048 }—H
Simple mode 12 0.107 s
Weighted mode 12 0.113 e
MR-Egger 7 0.041 : —a—
Weighted median 7 0.033 IPH
Simple mode 7 0.142 -
Weighted mode 7 0.160 Hl—ﬂ—
MR-Egger 5 0.670 ¢ :I {
Weighted median 5 0.123 nl—'—
Simple mode 5 0243 o
Weighted mode 5 0.188 I
05 25
Protective factor ~ Risk factor
Cochran's O
MR-Egger IVW
Q value P value Q value P value
0.370 0.946 0.488 0.974
3.948 0.683 4.155 0.761
7.364 0.497 7.622 0.572
8.051 0.528 8.162 0.612
12.334 0.339 12.561 0.402
8.821 0.453 9.111 0.521
3.948 0.683 4.155 0.761
20.126 0.092 20.223 0.123

@ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

OR (95%CI)

1.043 (0.962 to 1.132)
1.077 (0.992 to 1.169)
1.088 (0.942 to 1.256)
1.085 (0.938 to 1.256)
1.141 (0.858 to 1.518)
1.081 (0.970 to 1.205)
1.075 (0.938 to 1.232)
1.075 (0.949 to 1.217)
0.915 (0.744 to 1.127)
0.956 (0.902 to 1.013)
0.955 (0.880 to 1.038)
0.955 (0.878 to 1.040)
1.240 (0.940 to 1.638)
1.124 (1.009 to 1.252)
1.178 (0.979 to 1.417)
1.162 (0.974 to 1.386)
0.938 (0.693 to 1.270)
0.925 (0.825 to 1.036)
0.924 (0.778 to 1.097)
0.923 (0.778 to 1.094)
1.240 (0.940 to 1.638)
1.124 (1.001 to 1.262)
1.178 (0.981 to 1.414)
1.162 (0.979 to 1.378)
1.817 (1.184 to 2.788)
1.170 (1.012 to 1.353)
1.196 (0.971 to 1.473)
1.183 (0.963 to 1.454)
1.112 (0.715 to 1.728)
1.117 (0.970 to 1.285)
1.147 (0.942 to 1.395)
1.183 (0.961 to 1.456)

2025,45(12)

MR-Egger intercept

Intercept

0.010
0.005
-0.006
0.004
-0.003
0.004
0.005

0.002

Vol.45

P value

0.753

0.665

0.624

0.747

0.661

0.603

0.665

0.807
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Outcome

CAD

Hypertension

HF

Exposure

Victivallis
Odoribacter
Intestinibacter
Lentisphaerae

Bifidobacteriales

Lactobacillales
Veillonellaceae
Parabacteroides
Lachnospiraceae
Lachnoclostridium
Oxalobacter

Odoribacter

Mollicutes RF9
Peptococcaceae
Christensenellaceae R7 group
Coriobacteriales
Coriobacteriia

Desulfovibrio
Coriobacteriaceae

Intestinibacter

Ruminococcaceae UCG009
Eubacterium oxidoreducens group
Bacillales

Selenomonadales

Anaerostipes

Negativicutes

Eubacterium eligens group

Flavonifractor

2.5 KEGG RGO i &t 5 b

GO Mifig & & R (18 5A~C) o, Xf
CVD 7 Az PR, 19 1 18 A ) A 405 5 1 S DR A 2
Y%k FE (biological process, BP). Ui 43 (cell
CC) . 4y T3t (molecular function,

component,

http://xuebao.shsmu.edu.cn
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MR-Egger
Q value
7.007
3.621
14.962
7.455

8.821

13.551
14.934
4.608
21.818
5378
3.473

4.080

3.784
5.131
6.448
8.827
8.827
3.323
8.827

19.114

8.939
2.451
2.705
4.459
9.973
4.459
1.547

2919

Continued Tab

Cochran's Q MR-Egger intercept
vw
Intercept P value
P value QO value P value
0.535 8.153 0.518 0.019 0.315
0.605 4.634 0.591 0.010 0.360
0.309 17.041 0.253 0.010 0.203
0.383 7.841 0.449 0.007 0.566
0.454 9.111 0.521 0.004 0.603
0.406 14.344 0.424 -0.005 0.398
0.528 1.741 0.495 0.005 0.241
0.329 4.742 0.448 0.005 0.750
0.112 24.485 0.079 -0.008 0.195
0.911 6.793 0.870 0.011 0.259
0.942 3.692 0.960 -0.006 0.650
0.537 5.288 0.507 0.012 0.321
0.975 0.711 0.877 <0.001 0.957
0.643 0.331 0.178 0.055 0.358
0.597 7.960 0.538 0.008 0.575
0.717 9.577 0.728 0.012 0.575
0.717 9.577 0.728 0.013 0.145
0912 7.960 0.538 0.222 0.253
0.717 9.577 0.728 -0.020 0.403
0.119 21.572 0.087 -0.020 0.403
0.537 10.956 0.446 0.017 0.185
0.293 2.483 0.478 -0.002 0.887
0.910 2.870 0.942 0.006 0.697
0.924 5.180 0.922 -0.007 0.415
0.532 10.057 0.610 -0.002 0.777
0.924 5.180 0.922 -0.007 0.415
0.907 6.428 0.376 -0.038 0.078
0.404 2.919 0.404 0.002 0.903

MF) JZ2T, ¥R KI5 CVD B B A 56 1) D6k .
KEGG i i & 4 A4 R R, X S iz 8 G E i 4
WHERNZ5 TR S skl b f2, XAl fg 2
BTN CVD Al ek (E15D).

LSRR B0, 2005, 45(12) (@)
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A B
Negative regulation of gene expression ™Y RISC complex °
Positive regulation of gene expression Y Cell surface
—log,, (P value) ) (P val
Inflammatory response ° 40 Extracellular space o 0:‘;’ (l)o value)
Negative regulation of cell population I 30 Protein-containing complex 30
proliferation 20 0
miRNA-mediated post-transcriptional ° Ho Extracellular region 10
gene silencing [ ]
Immune response Count Extracellular exosome Count
i, . ® 40 ® 30
Positive regulation of DNA-templated ® 45 Plasma membrane{ @ ® 30
» . transcription @® 50 ® 70
Positive regulation of transcription by ® 55 Cytoplasm{ @ ® %
RNA polymerase Il ® 60
Negative regulation of transcription by | o Cytosol{@
RNA polymerase I
Signal transduction { « Membrane {@
4 6 8 10 2 4 6 8
Enrichment score C Enrichment score D
mRNA base-pairing translational o Inflammatory bowel disease °
repressor activity Th17 cell differentiation °
mRNA 3-UTR bindin; . Chagas disease . _
¢ —log,, (P value) Ii tis B log,, (P value)
Enzyme binding ° 30 epatitis P 30
Lipid and atherosclerosis ° l %g
Signaling receptor binding . 20 Tuberculosis 15
. L - 10 i i 10
Protein homodimerization activity || MlcroRNz?rsl f;ﬁ:ﬁ;:i ® Eg
Identical protein binding] @ Count Human T-cell leukemia virus 1 infection Coggt
. o .. ® 30 NOD-like receptor signaling pathwa b
DNA-binding transcription factor activity ® 40 Kapgsi sar%oma—gsls)ociatez : 43“5)
RNA polymerase II cis-regulatory region ® 50 ~ herpesvirus infection ® 45
sequence-specific DNA binding]| © : 28 Coronavirus dlsease—COVIDjl9 ® 50
DNA binding| « hCytokine-cytokine receptor 1n'teract10n
Pathways in cancer{ @
ATP binding|e Pathways of neurodegeneration-| |
HEEEER multiple diseases | | | |
2.5.5.0 7.5 10.0 5 10 15 20

Enrichment score

Enrichment score

Note: A. Biological process (GO). B. Cell component (GO). C. Molecular function (GO). D. KEGG analysis.
E5 #0nCVDWEMEYEMETERRN GO e KEGG BB E &7
Fig 5 GO function and KEGG pathway enrichment analysis of genes carried by gut microbiota affecting CVD

3 itig

ABFFEHEAT TR MR 434, DA I 18 A= 4
HEMCVD Z R HIR KGR, WS REETHIEMAEY)
WEWRTEURYY CVD B TR 2% . O g
UESE, JiE B A T R R T oG R
UERRT, ATLAKEH W SRR A, JF AR
SR 2 S/ 1 I S i 1 7 B (1 = A A L 73
TMAO) . %L #E g Wi iR
(short-chain fatty acids, SCFA) FIWRZAHITR, 8k
IEMI 20 CVD HEJ . GUO %5 ™ ByfFoe M, )
BCPEAR AT AU 1 T AR RV T A B S A
7, X SO EA RS R A G X RIRE ]
PR AERE O EAd R 22 G2, R A AR 7 L hRE g ek
705 Jigy T AR W %) S B S HAR Py Bk B2 . KOREN
25 g LTI R ST R, N2 Bl R AR R Ak B

(trimethylamine-N-oxide,
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A AU DNA, DR A: P RE T R 5 2 ko RE il 4k
A, H MR E BEH 40 DNA 753K [ 3 ik e
PR TG T A

AF 2R ELO MM B BRR N EERNRZ — A0
FEMEE T, 9B i U E I REXT AF BAT (R4
L AR E A YRR R R R B, RE
[ T LR W EAE AF TR FAYT R T B B
o BUEFFE (H . BL) B3 aT GEREAIT AF KU
UL FT B BE % 14 56k T 3 B I ) BE 9 7=/ SCFA %54
AR B AN, DU R B A MR 32 25 A TR
Z—, CYIER AT LLE i 2 b el i 18 B T g
FEF T BB e, A4S Toll BEAZ IR 2 4 S 1y o 28 i 1
FHTRAE 0 (AR A, 354 n] Al
il 5 TR S R AH G AF KUBS I (41 CAD ., & il
FHF) RAEER P, ERR AR B
AF B BRI ET 2 — Lo . R4k
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LI g 4 eI, il R RO A 5 B4
TG BRI T RE S S R RAE N, B0 LG B R
JE RN 45 #L PR, DT RZ W AF Y R A R R R . T
Victivallales, FEREJE . REFEREE . FEKIEE
P FEERIE R R W& ) Intestinibacter XF
AF W52 /e H A S pr b, (A2 3R
WY (WNSCFA. TR . WR) BA REPRIENE
M, ATREXT AF 77 A 5200 . SCFA 18 i 30 A% A 1~ «B
(nuclear factor kB, NF-xB) {55 i, k> 2% %E K
FHIRERL; [RIBTid Al A a8 50 v T ALy o34k, 155
FRER 320, L B A B B e g R Y, TR
AR — A AR FER Y, T
W20 A M1 FI M2 RA P, (R Eph 2 dr s, DAl
HONEDRE R i ARE Ik, EMIR A O AR R R
e BT AEAE ARETR, AFR—RhE W, AMUss
HHF, 2B A= i XU 5 R AT LAE 2 A5 iz 1
TR PIRE 3 A0 B0 AF (9005, AR T et 3, s
PR R A XU o

X CAD, AHFGY & BFLFT w6 Fl Parabacteroides
BARPVEN . g 55 & CAD i F B fa i K %
CA shitss ' R, FUAT B AR A6 o i AR A
FEIAE, 75— R Bz sh bk REri iy & e . 7
NARBIFFE 940w 03 2 b 2 AR T R —— 25 i 2L
FFRHY 7601 ALY FLAT 3 KY 1032, BEGSFEAR H M
=HEAKCF, JFRFEARE H A-V KRS AR
AR R RS . eAh, AR A, TR
BREBL . Lachnoclostridium . B2 EL . HIRFT H &
FEASFTH RSB IN CAD RIS . Hip, HAEBRE
Bl . Lachnoclostridium N B R B JE T IEBERE ],
TR 4> AR TMAO () KRB = 22—,
TMAO & 2R . AT 3 3l ik ok A £ A6 JE g 17 o 22
AR 1 BRRAT B S 2 B, R
Z Wi (lipopolysaccharide, LPS) [ i idf 57 i ul 5¢ 2%
WA L R bR e ARG, 383 Ok 5l 4 B PEAR
RAE AL D B Bk RERE AL 7, AT a3 MR S A
KI, SSATIEJEXT AF 19 kA R0 O 1 D AR A%
N, HIJE CADWfERR R . RAFT B X AF &R
AT REVA IR T SCFA T HREh ™ mfE i, Tmedh
T Bl k3 R B Ak i RV RE & #E2 BUAE T 5 R4k
il AR S S 2 CAD R A kR, XA ek —
0 LB PR AT IR S
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e I A A 3K T P e LA LA R 2 —
SR B A D R R R 5 2 5 H R A R e HET M A
WIEf . fEABETE Y, FRATTEEE 5 Ahoxh.Oo il A8 e 2
ALY E AN B . S B Al JC B HEYE R
ZUAR PR I3 st s i s BTGRP, (R AE VA
T AR O T R R E AR, IFRDE R B
TIPS . RS, AKES 528 F4
Yireiee, GAEIRT IR SRR BT, AR HERR DI 1 AL
S, teAh, ZURE I AR E S TR i
VR A S ThRE, PhBhERETE EACHET .
IS RasE B g B AR, AT AT BB XTI R 4 7= A
MR B BeAh, ZORE TR BT AR ) SCFA AT i i
O - 1045 B v ) SCFA-G B PR 24K 43/41 155
K, T LA N B B R, JRR
R-MERKRRG ., wdBREH2NAETER, W
il L K R A A R M, p A KR T A
B, B A N R IR, R AR RVER P

HF 2 Z 1 CVD IMZR IR B, H 1B = 80k 5
FIBET- % FEARREGE T, FRAT1% € T 8 Fh 5 HF ££7F
DU SE R ANBARE . 45 R 5 2 Wi — 30 MR i 5t
R IAEAEZE S, RTREIE B A BT SR (I 5t ik
FFEAFEAIR . T HF B Ban, Ok iR
ARG I S W] 5 | B AN JE RN Bt .
B BB A2 A i EE v, R ERUE R
B, IERA AR P e A MR ER , 2 AE HF
BB PIE LR EEBIERAE Y AR A, 6FhiniE
AR Wy T] BE T 3 77 4 TMAO X HE R HEAEHEVE . e
PRETHFSE =Y &0, TMAO nf fgid i 2 Fh L B0
FOMEDIRE, GEAESOMIER S, 1R
WG, IFE—2B i 4 B I A R RN, LA
SEHCOAELRR T RE RS DI R HE A,
AN, FHARGE 5 FE 1 TMAO AT 3 & A B B bk i
G, FURAESE NGk o K 40 j g 5 AT RS g
ZH . TMAO M REMEHEMARTE K . 5 FANME T,
FOWUEF AT RO R 11, RO i 4
IHREF= A A FIFE I 5 X B L BN TF R AT X T L
VIR HF TSRS P24 T 2821, B an -tk
BIET. tSAE RS AR . R, R TMAO
AR A AR T2 40 ot B TR A IR T A

RYEHETTLE R, ARSI MR MR T —FhR
WA APV E NI . B W S

LSRR B0, 2005, 45(12) (@)



1618 | LifsmAR2E (B

PRI Z I CHRAG Ji, IXAE T IR AR T LR 5
HAQHM:. ki, MiEMEYRIERE 2, HR%
PERIBLHI AT RS S K . IRA R SE R Y

ARIFFRAFEAE — L PR . 55—, R RAI MR
A THRGNRA R . 3 m 4 R ek 5 T4
PE, (AR Z A FKOF S22 72—
IR, XA RAR KR IR T RS
HEARTRGAR., 5=, PN 45 GWAS #%
F meta 73471, AT 2GR 7RG
FAMPEFP R S B AL RAE, (H At ] B R AR F B
FIA AR 55—, MR R K R RS
N7, PRt 2 8 DR 2R 118 S i) A7 75 3 o Bt L) R X
BE—HIE, S, AZJEIREAR TR, AR R RE
TTHA T, SBH, X 4T GWAS WS 5% £2 8k
T NEE, R A BT 9 (0 235 51 32 B0 1 TR AR,
FEHET 2 AR A R R T

ARG R T EMEYRES CVD Z M AFFE IR
P S EOR MR G, JF IS WA T E A
AR R TE IR T 8T . BRI S, ARFsRas R %
B, % I 0 = CVD I3 R, T 5 — s )
YRR KU R -2 5 CVD il g

[1] LI'Y, CAO G Y, JING W Z, et al. Global trends and regional
differences in incidence and mortality of cardiovascular disease,
1990-2019: findings from 2019 global burden of disease study[J].
Eur J Prev Cardiol, 2023, 30(3): 276-286.

[2] XUWIE, AUt et 2. (OISR S Pl 2023) 2
SURREE[I]. I AU MR 44 R, 2024, 40(8): 599-616.

LIU M B, HE X Y, YANG X H, et al. Interpretation of Report on
Cardiovascular Health and Diseases in China 2023[J]. Journal of
Clinical Cardiology, 2024, 40(8): 599-616.

[3] SHIH Q, TER HORST R, NIELEN S, et al. The gut microbiome as
mediator between diet and its impact on immune function[J]. Sci
Rep, 2022, 12(1): 5149.

[4] OJO O, FENG Q Q, OJO O O, et al. The role of dietary fibre in
modulating gut microbiota dysbiosis in patients with type 2 diabetes: a
systematic review and meta-analysis of randomised controlled trials[J].
Nutrients, 2020, 12(11): 3239.

[5] TELLE-HANSEN V H, GAUNDAL L, BASTANI N, et al
Replacing saturated fatty acids with polyunsaturated fatty acids
increases the abundance of Lachnospiraceae and is associated with
reduced total cholesterol levels: a randomized controlled trial in
healthy individuals[J]. Lipids Health Dis, 2022, 21(1): 92.

[6] WANG Z N, KLIPFELL E, BENNETT B J, et al. Gut flora metabolism
of phosphatidylcholine promotes cardiovascular disease[J]. Nature, 2011,
472(7341): 57-63.

[7] UFNAL M, JAZWIEC R, DADLEZ M, et al. Trimethylamine-N-
oxide: a carnitine-derived metabolite that prolongs the hypertensive
effect of angiotensin Il in rats[J]. Can J Cardiol, 2014, 30(12): 1700-
1705.

@ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

2025,45(12)

#MFE 44 #4/Supplementary materials

https://xuebao.shsmu.edu.cn/CN/column/item70.shtml

F) 2% 11 32 75 BA/Conflict of Interests

JI A AEE AR 25 0P 5

All authors declare no relevant conflicts of interest.

{£& TT#k/Authors’ Contributions

BES 38 @ R0/ETh> a1 RISl i C T E IS [N -
5y XIW. R k& INEES SRS ESBE. ITE
YRS 2 50T ) B e 2R 1 i 5252

YAN Kuipo was responsible for the research design of the article. MA
Huihua was responsible for data collection and analysis, and
manuscript writing. LIU Gang, XU Yazhou, ZHANG Lei, and SUN
Yangqin contributed to the writing and revision of the manuscript. All
authors have read the final version of paper and consented to its

submission.

* Received: 2025-04-17
* Accepted: 2025-06-17
* Published online: 2025-12-28

[8] LID D, LUY, YUAN S, et al. Gut microbiota-derived metabolite
trimethylamine-N-oxide and multiple health outcomes: an umbrella
review and updated meta-analysis[J]. Am J Clin Nutr, 2022, 116(1):
230-243.

[9] BACKHED F, LEY R E, SONNENBURG J L, et al. Host-bacterial
mutualism in the human intestine[J]. Science, 2005, 307(5717): 1915-
1920.

[10] SAVAGE D C. Associations of indigenous microorganisms with
gastrointestinal mucosal epithelia[J]. Am J Clin Nutr, 1970, 23(11):
1495-1501.

[11] MAZMANIAN S K, LIU C H, TZIANABOS A O, et al. An
immunomodulatory molecule of symbiotic bacteria directs
maturation of the host immune system[J]. Cell, 2005, 122(1):
107-118.

[12] LI M, WANG B H, ZHANG M H, et al. Symbiotic gut microbes
modulate human metabolic phenotypes[J]. Proc Natl Acad Sci USA,
2008, 105(6): 2117-2122.

[13] WANG H R, REN S J, LV H L, et al. Gut microbiota from mice with
cerebral ischemia-reperfusion injury affects the brain in healthy mice[J].
Aging (Albany NY), 2021, 13(7): 10058-10074.

[14] WAN S Z, NIE Y, ZHANG Y, et al. Gut microbial dysbiosis is
associated with profibrotic factors in liver fibrosis mice[J]. Front Cell
Infect Microbiol, 2020, 10: 18.

[15] JIE Z Y, XIA H H, ZHONG S L, et al. The gut microbiome in
atherosclerotic cardiovascular disease[J]. Nat Commun, 2017, 8(1): 845.

[16] TANG W H W, BACKHED F, LANDMESSER U, et al. Intestinal
microbiota in cardiovascular health and disease: JACC state-of-the-
art review[J]. J Am Coll Cardiol, 2019, 73(16): 2089-2105.

Vol.45 No.12 Dec. 2025



LS

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

WAN Y, WANG F L, YUAN J H, et al. Effects of dietary fat on gut
microbiota and faecal metabolites, and their relationship with
cardiometabolic risk factors: a 6-month randomised controlled-
feeding trial[J]. Gut, 2019, 68(8): 1417-1429.

DELANNOY-BRUNO O, DESAI C, RAMAN A S, et al. Evaluating
microbiome-directed fibre snacks in gnotobiotic mice and humans[J].
Nature, 2021, 595(7865): 91-95.

SMITH G D, EBRAHIM S. 'Mendelian randomization": can genetic
epidemiology  contribute  to  understanding  environmental
determinants of disease?[J]. Int J Epidemiol, 2003, 32(1): 1-22.
DAVEY SMITH G, HEMANI G. Mendelian randomization: genetic
anchors for causal inference in epidemiological studies[J]. Hum Mol
Genet, 2014, 23(R1): R89-R98.

SEKULA P, DEL GRECO M F, PATTARO C, et al. Mendelian
randomization as an approach to assess causality using observational
data[J]. J Am Soc Nephrol, 2016, 27(11): 3253-3265.

WANG J, KURILSHIKOV A, RADJABZADEH D, et al. Meta-
analysis of human genome-microbiome association studies: the
MiBioGen consortium initiative[J]. Microbiome, 2018, 6(1): 101.

KURILSHIKOV A, MEDINA-GOMEZ C, BACIGALUPE R, et al.
Large-scale association analyses identify host factors influencing
human gut microbiome composition[J]. Nat Genet, 2021, 53(2):
156-165.

WU F S, HUANG Y, HU J L, et al. Mendelian randomization study
of inflammatory bowel disease and bone mineral density[J]. BMC
Med, 2020, 18(1): 312.

BURGESS S, BUTTERWORTH A, THOMPSON S G. Mendelian
randomization analysis with multiple genetic variants using
summarized data[J]. Genet Epidemiol, 2013, 37(7): 658-665.

LONG Y W, TANG L H, ZHOU Y Y, et al. Causal relationship
between gut microbiota and cancers: a two-sample Mendelian
randomisation study[J]. BMC Med, 2023, 21(1): 66.

LAWLOR D A, HARBORD R M, STERNE J A C, et al. Mendelian
randomization: using genes as instruments for making causal
inferences in epidemiology[J]. Stat Med, 2008, 27(8): 1133-1163.
HEMANI G, TILLING K, DAVEY SMITH G. Orienting the causal
relationship between imprecisely measured traits using GWAS
summary data[J]. PLoS Genet, 2017, 13(11): ¢1007081.

TANG W H, WANG Z N, LEVISON B S, et al. Intestinal microbial
metabolism of phosphatidylcholine and cardiovascular risk[J]. N
Engl J Med, 2013, 368(17): 1575-1584.

KOH A, DE VADDER F, KOVATCHEVA-DATCHARY P, et al.
From dietary fiber to host physiology: short-chain fatty acids as key
bacterial metabolites[J]. Cell, 2016, 165(6): 1332-1345.
WAHLSTROM A, SAYIN S I, MARSCHALL H U, et al. Intestinal
crosstalk between bile acids and microbiota and its impact on host
metabolism[J]. Cell Metab, 2016, 24(1): 41-50.

GUO Y, LUO S Y, YE Y X, et al. Intermittent fasting improves
cardiometabolic risk factors and alters gut microbiota in metabolic
syndrome patients[J]. J Clin Endocrinol Metab, 2021, 106(1): 64-79.
KOREN O, SPOR A, FELIN J, et al. Human oral, gut, and plaque
microbiota in patients with atherosclerosis[J]. Proc Natl Acad Sci
USA, 2011, 108(Suppl 1): 4592-4598.

HUTCHINSON A N, TINGO L N, BRUMMER R J. The potential
effects of probiotics and ®-3 fatty acids on chronic low-grade
inflammation[J]. Nutrients, 2020, 12(8): 2402.

BRON P A, KLEEREBEZEM M, BRUMMER R J, et al. Can
probiotics modulate human disease by impacting intestinal barrier
function?[J]. Br J Nutr, 2017, 117(1): 93-107.

RUSCICA M, PAVANELLO C, GANDINI S, et al. Nutraceutical
approach for the management of cardiovascular risk—a combination
containing the probiotic Bifidobacterium longum BBS536 and red
yeast rice extract: results from a randomized, double-blind, placebo-
controlled study[J]. Nutr J, 2019, 18(1): 13.

LIU J L, AN N, MA C, et al. Correlation analysis of intestinal flora
with hypertension[J]. Exp Ther Med, 2018, 16(3): 2325-2330.
MAYERHOFER C C K, KUMMEN M, HOLM K, et al. Low fibre

http://xuebao.shsmu.edu.cn

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

& Tt R 50 PR 0 LS R« AL kbbb | 1619

£
%%

intake is associated with gut microbiota alterations in chronic heart
failure[J]. ESC Heart Fail, 2020, 7(2): 456-466.

WANG M, XIONG H, LU L, et al. Serum lipopolysaccharide is
associated with the recurrence of atrial fibrillation after
radiofrequency ablation by increasing systemic inflammation and
atrial fibrosis[J]. Oxid Med Cell Longev, 2022, 2022: 2405972.

KONG B, FU H, XIAO Z, et al. Gut microbiota dysbiosis induced by
a high-fat diet increases susceptibility to atrial fibrillation[J]. Can J
Cardiol, 2022, 38(12): 1962-1975.

INZAUGARAT M E, JOHNSON C D, HOLTMANN T M, et al.
NLR family pyrin domain-containing 3 inflammasome activation in
hepatic stellate cells induces liver fibrosis in mice[J]. Hepatology,
2019, 69(2): 845-859.

LIU P N, YU S S, LIU J R, et al. Effects of Lactobacillus on
hyperlipidemia in high-fat diet-induced mouse model[J]. Arch Med
Sci, 2020, 19(3): 792-799.

CHEN L H, LIU W E, L1 Y M, et al. Lactobacillus acidophilus
ATCC 4356 attenuates the atherosclerotic progression through
modulation of oxidative stress and inflammatory process[J]. Int
Immunopharmacol, 2013, 17(1): 108-115.

HUANG Y, WANG J F, QUAN G H, et al. Lactobacillus acidophilus
ATCC 4356 prevents atherosclerosis via inhibition of intestinal
cholesterol absorption in apolipoprotein E-knockout mice[J]. Appl
Environ Microbiol, 2014, 80(24): 7496-7504.

AHN H Y, KIM M, CHAE J S, et al. Supplementation with two
probiotic strains, Lactobacillus curvatus HY7601 and Lactobacillus
plantarum KY1032, reduces fasting triglycerides and enhances
apolipoprotein  A-V  levels in non-diabetic subjects with
hypertriglyceridemia[J]. Atherosclerosis, 2015, 241(2): 649-656.
AREAF, PR, PN, 5 I B SR A = T e
CHRTRYT BT R[], AW TR, 2021, 37(11): 3745-3756.
LIY M, CUI M Z, SUN J, et al. Gut microbiota and its metabolite
trimethylamine-N-oxide (TMAO): a novel regulator in coronary
artery disease[J]. Chinese Journal of Biotechnology, 2021, 37(11):
3745-3756.

KATSIMICHAS T, THEOFILIS P, TSIOUFIS K,
microbiota and coronary artery disease: current
perspectives[J]. Metabolites, 2023, 13(2): 256.

WANG Y, XU Y Y, YANG M, et al. Butyrate mitigates TNF- a
-induced attachment of monocytes to endothelial cells[J]. J Bioenerg
Biomembr, 2020, 52(4): 247-256.

CHEN W J, ZHANG S, WU ] F, et al. Butyrate-producing bacteria
and the gut-heart axis in atherosclerosis[J]. Clin Chim Acta, 2020,
507:236-241.

YU Y J, RAKA F, ADELI K. The role of the gut microbiota in lipid
and lipoprotein metabolism[J]. J Clin Med, 2019, 8(12): 2227.
TORTELOTE G G. Therapeutic strategies for hypertension:
exploring the role of microbiota-derived short-chain fatty acids in
kidney physiology and development[J]. Pediatr Nephrol, 2025.

LUO Q, HU Y L, CHEN X, et al. Effects of gut microbiota and
metabolites on heart failure and its risk factors: a two-sample
Mendelian randomization study[J]. Front Nutr, 2022, 9: 899746.
CHIONCEL O, AMBROSY A P. Trimethylamine N-oxide and risk of
heart failure progression: marker or mediator of disease[J]. Eur
J Heart Fail, 2019, 21(7): 887-890.

SUN X L, JIAO X F, MA Y R, et al. Trimethylamine N-oxide
induces inflammation and endothelial dysfunction in human
umbilical vein endothelial cells via activating ROS-TXNIP-NLRP3
inflammasome[J]. Biochem Biophys Res Commun, 2016, 481(1/2):
63-70.

KEITEL V, REINEHR R, GATSIOS P, et al. The G-protein coupled
bile salt receptor TGRS is expressed in liver sinusoidal endothelial
cells[J]. Hepatology, 2007, 45(3): 695-704.

ROMANO K A, MARTINEZ-DEL CAMPO A, KASAHARA K, et
al. Metabolic, epigenetic, and transgenerational effects of gut
bacterial choline consumption[J]. Cell Host Microbe, 2017, 22(3):
279-290.e7.

et al. Gut
therapeutic

[Axmig] HEFT

i SRR (B0 2025, 45(12) (@)



