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Abstract: As a major risk factor for cardiovascular disease worldwide, hypertension poses threats
that cannot be ignored. In recent years, the role of gut microbiota in the pathogenesis of
hypertension has gradually become a research hotspot. This review systematically explores the
relationship between gut microbiota and hypertension and elaborates on the mechanisms of gut
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microbiota regulation of blood pressure by mediating inflammatory responses, influencing the
microbiota-gut-brain axis, and producing specific metabolites. Furthermore, this article discusses
the potential application value of gut microbiota-based intervention strategies in the prevention and
treatment of hypertension and reveals the potential targets and evidence of gut microbiota in the
treatment of hypertension and its complications, paving a new way for the exploration of

therapeutic methods.

Keywords: gut microbiota; hypertension; blood pressure regulation
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Table 1 Changes in gut microbiota in hypertension
Object of study Gut microbial change Conclusion References
62 patients with normal blood pressure ~ Most of the differential genus were There were significant [22]
and 67 patients with hypertension clustered to the Bacillota and differences in the intestinal
Bacteroidetes phyla, and microbiota between the
Ruminococcaceae, Prevotellaceae, hypertensive and normotensive
Porphyromonadaceae, groups
Lachnospiraceae, Veillonellaceae
families
Normotension, borderline hypertension, A correlation between stool metabolome Observations support an [23]
and nocturnal hypertension and 24 hour BP levels was evidenced, association between gut
with increased fecal levels of acetate, microbiota composition and
propionate, and butyrate levels in blood pressure levels, possibly
hypertension patients. via stool abundance of SCFAs
2 355 hypertensive (defined as having The microbial genera with the most The strength of gut microbial [24]
systolic blood pressure, SBP>140 or differential co-abundances included co-abundances is associated with
diastolic blood pressure, Ruminococcaceae UCG-002.id.11360,  hypertension severity
DBP>90 mmHg) and Ruminococcaceae UCG-013.id.11370,
4 644 non-hypertensive participants Corynebacterium 1d.449, and
Flavobacterium id.1142
The gut microbiome of 30 participants ~ Compared with the controlled Treatment resistance in resistant  [25]

with resistant hypertension, 30 with
controlled hypertension, and 30
nonhypertension

hypertension group, the genera Rothia
and Sharpea in resistant hypertension
were more abundant. Compared with
the nonhypertension group, the genera
Escherichia - Shigella, Lactobacillus,
and Enterococcus were more abundant

hypertension patients may be
related to the gut microbiota
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Figure 1  The gut microbiota regulate blood
pressure. The gut microbiota affects blood pressure
regulation through three pathways: dysbiosis,
microbiota-gut-brain axis, and metabolites. Dysbiosis
can lead to increased intestinal permeability,
triggering an inflammatory response and raising
blood pressure. The microbiota-gut-brain axis
transmits signals to the brain through the vagus nerve,
influencing the regulation of blood pressure by the
central nervous system. Metabolites such as short-
chain fatty acids, bile acids, and trimethylamine N-
oxides produced by gut microbes can also affect

blood pressure levels.
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Table 2 Mechanisms of microbiota-derived metabolites in blood pressure regulation

Metabolite Blood pressure  Mechanisms References
change

Short chain Lower 1. Activate Treg cells, enhance mRNA levels of Tjpl [49]

fatty acids 2. Reduced expression of IL17a and IL6

Short chain Lower 1. Activate Olfr78 to raise blood pressure [50]

fatty acids 2. Activate Gpr41 to lower blood pressure

Trimethylamine- Increase 1. Activate the protein kinase R-like endoplasmic reticulum kinase pathway [51]

N-oxide 2. Enhance Ang II-induced vasoconstriction and acute vasopressor responses

Bile acid Lower Inhibit nitric oxide synthase and cyclooxygenase-2 to attenuate migration and [52]

inflammatory responses of vascular smooth muscle cells

>4 actamicro@im.ac.cn, 7 010-64807516



JEM S | AEYIEEA, 2025, 65(8)

3497

BN TR SRR I B AR A S = W e A
FHOC S L, 4920 2 5 JIELA A AR A
A A R - = F Jrg 2088 Bt (Cua ) 0 PR 0 42 il
(CrtA)FEFT 3k Bt Myt & 2 IRAR G T 2 i
RN, IR IE A = H R, S5 & A
E—2AR R TMAONY., TMAO T2 N K T g
B AT Y 52 4% oy FHLEIA LU L. — 5T,
RV Y TMAO 8 5 755 8 T et 35 9 B 20
MBI RE . TMAO i i 7% TXNIP-NLRP3 %
Me/MAFI SIRT3-SOD2 {5 53 I 12 it 1 M 4L A
B, PR A AN B AR, R A i A
Hy, FEEIN AL RS BT, BRI NO
AR R, R il A A7 sk Dh el 5 —
Jiif, TMAO il NF-«xB {55 5 i B4 7 48 4 [
[ an g PR BE Rl F- (tumor necrosis factor, TNF)-o.
FIE 20 M4  (interleukin, IL-1B)]18977 4, 3
VA 1L 45 40 9 25 B 43§ -1 (vascular cell adhesion
molecule-1, VCAM-1) Fl 41 ifg [8] Zh Fff 4 F -1
(intercellular cell adhesion molecule-1, ICAM-1)#Y
Feik, g1 & A% AN L BRI VR A0 iR T
LR 20 A2 B0 DK s A A A T ke 1) T 20 T
HIE BT S Bl 3 A e T a7, A
HEO MBI I & A AR T, X TMAO 4b3#
BN IETT 24 h FI1 48 h (5% A A AU 4 2
TG LB, TMAO AbBEES T P i D RE et
FEIN R 20 LG 0T R A AR N OKSE R, TR
48 h AL FR | 1Y) 22 S 3Rk HE IR 2 MR
AR O 9 S R B Y 7™ A=, TS24l 1 i As
1 Jifd 4 B it (extracellular matrix, ECM) 14 45 #4 2H
S DN B 2N M R i AR A AR G, X
HHERY, TMAO 551 N B D e R g2 i i
P77 2 5 AU ZAE (1) 73§ HERRE A
T 3% P9 R 4 i EE v i AR Y e A, iFgE R
W15 1L TMAO W EZARAY AR LL, TMAO ik
JEE v AN AR e I B XU 3 T 12%, o T
TMAO ¥ £ 5 2 il Hs KU 58 i 22 i) A7 78 TE AR O
KR SR, ARG R BRAE TR TR T 4
M2 5FHEE T 5. MEMAE T FERER.

5 KB, TMAO W 7 5 2L A AR Y
R, THEMBEZRMEREE, JFA
TMAO ¥ Ji£ bifi 5 B[] f) 4 % 1 35 mUe) . i 4h,
Ho AR B PR 2R (B an AR FE A B A sy, andR
B K B IR AE) © g UE B 23 42 5 TMAO 7K
-, FREIRE IR AT EXT TMAO AHC & iR 1
AT, 5 16S rRNA JEPR I AR
A% Ji % (liquid chromatograph-mass spectrometer,
LC-MS)fUifif 227 J5 %] Dahl UK BT 7E
e I H /U g 3 iy 1 0T 1 i 8 Ak 2 0 A 2 T
DR T TS, TRzt il A YA
BRI 4 72 Ak 5 B R O, TR
SCFAs 7= 4 B s /b Fil TMAO % ™), % F
TMAO 2 HH 7 1B TR W = A A, R
EtX5) 7B A WU E AT TMAO A7 i 1 #inT
B Ay T 77 330 S A S5 4 FA T 14 SR 721
2.3.3 BAs XH1ERIFZE

JIEL Y % 2 PO v R A,
A G 3 2 5 i 15 i 38 B W B 0 - 0, &
T3 L0 P B2 2 -1 Rk RN Al 75 3 A — 4
TR A BN B — A AL R A Bl R AR 2 F 1 &
SRS, Y FTAF I A v T AR R K M, B
AR B A R R 45 A (P IR R 1 C-24-N- ik L 4K
fife, AERUFESIRTHIR . Z R A IEAN R, A5
e . BRARZFMIAT 1 . FLAT TR FOBUBE T 7
J&, YR RRER KA B e, 3R U 1 R
RG] e SRR ARG, R
i EA I, [H AT i 18 e AR 40w rAE
TR A IR PR R, IR R A
YRR TE FALZAREL G 23 B SZ AR DGR
151 JE BE X 32 K (farnesoid X receptor, FXR).
A= Z D Z AR G B HEERSZ IR Gpbarl (TGRS),
I 8 7 R 2 S R Y, R
i TE T A P R RN LY TR 22 ] ) 8 9 A A LAY
T R A5 R R A T DA ok i 4 1) 422 4 FH
T T A R, A0 A A T Y S i
FXR 454, fRHFTTR R 2EE,

http://journals.im.ac.cn/actamicrocn



3498

ZHOU Bin et al. | Acta Microbiologica Sinica, 2025, 65(8)

3 EThHEmEnNLE TR
K

[ 18 A W 5 e I 22 TB) A7 AE 25 2% U o
WG, T LU S VR I 0 A (3R 3). il
AT i T Tl e T T 8 IR Y 2 bRz (1K) 2),
S LR BRA YT BB T BT AR FIT I
3.1 REFIATME

TR 55 1 T T 0 2 ) 6 R AR P X £
MR EAEEE L, BBy aeie i
IR e AR A i 53 B TR £ B2, T X
Ji 8 B3 SOR R E R 18 AR P B AR BRI T S
R IEE, ARE ST i O B R AR
AT 3 B0 8 TR RE AR A R LA T 1 i AR 4k

®3 ETHEMEYNMEFEG

XA RESS il & — RINEBR Y, B
Xof £ I A P E R M 0
3.1.1 AIREESHLTE S MmE

Hb PR IR B (Mediterranean diet, MedDiet) L)
1Y) REVE R kAR AR R,
A6 b m VR R R R BT R e 0 s R A
P I A5 RS, A4 1t A 7K S A0 £k A i
FE % A R AR, — TG RIS B, #h 7T
ML FRIE B A 4EmT LieksE 24 h sha&S %, sk
DO IR = (WA SETE 7/ N S = G S BUE Y = D4
AT AT R A5 € TR ) A X = R IR i 1B T E )
BECN . AL, A Lk O IR B Tk (dietary
approaches to stop hypertension diet, DASH) 3 #%
TERA ] DA RS e i e A 3 R A A

CEAENEI,

Table 3  Gut microbiome-based blood pressure interventions

Interventions Subjects of the study Result Conclusion References
Mediterranean ~ European adolescents 1. The higher adherence There is an interaction between  [86]
diet participating in the Healthy =~ adolescents have to the genes and diet, and the
Lifestyle in Europe by Mediterranean diet, the lower Mediterranean diet can lower
Nutrition in Adolescence their systolic and diastolic blood blood pressure levels in
cross-sectional study pressure levels adolescents
2. For adolescents who carry
fewer alleles for the risk of high
blood pressure, the
Mediterranean diet can lower
blood pressure levels
Probiotic Hypertension in 1. Increase acetate-producing Probiotic prevent the [87]
Bifidobacterium deoxycorticosterone acetate  bacterial populations and development of endothelial
breve (DOCA)-salt rats intestinal acetate levels dysfunction and hypertension in
2. Ameliorate acetylcholine- DOCA salt rats
induced nitric oxide-dependent
vasodilation in the aortic ring
Acetate Obstructive sleep apnea- 1. Lower the levels of Egrl in Increasing acetate concentrations [57]
induced hypertensive rats the heart and kidneys may protect OSA against
2. Reverse intestinal dysbiosis adverse effects on the
and inhibits intestinal microbiota, gut, brain, and blood
inflammation pressure
Fecal Spontaneously hypertensive 1. Upregulate the expression of ~ Butyric acid-producing bacteria  [88]
microbiota rats tight junction-related proteins can improve blood pressure
transplantation 2. Promote the restoration of regulation by promoting mucosal

intestinal mucosal barrier
structure and SHRs function

barrier integrity
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Figure 2 Targeted treatment of hypertension by gut microbiota. Multiple intervention strategies regulate blood
pressure by modulating the gut microbiota through different mechanisms. Specifically, dietary interventions and
microbial metabolites, such as propionate and butyrate, exert a more lasting effect, affecting blood pressure
through a long-term regulatory process. In contrast, microbiota transplantation has a more rapid regulatory effect
and exhibits an acute effect on blood pressure. As for the combination of probiotics, prebiotics, and postbiotics, it
is more suitable for hypertensive patients with metabolic syndrome to improve blood pressure through chronic

adjustments.
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