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[Abstract] Periodontitis is a prevalent chronic infectious and inflammatory disease worldwide, which imposes
harms extending far beyond the oral cavity. A large body of research has demonstrated that periodontitis is closely
associated with various systemic diseases, such as diabetes mellitus, cardiovascular diseases, inflammatory bowel disease,
and rheumatoid arthritis. Serving as a crucial pathway connecting the oral cavity to the entire body, the oral-gut axis
becomes the core mechanism through which periodontitis affects systemic health, primarily via the ectopic colonization of
salivary microbiota, intestinal dysbiosis, intestinal barrier disruption, and systemic inflammation. This review summarizes
recent studies focusing on how periodontitis influences systemic comorbidities via the oral-gut axis, encompassing clinical
studies, animal experimental and in vitro research. We summarize the research progress regarding how periodontitis
perturbs intestinal homeostasis through ectopic colonization of oral pathogenic bacteria, immunoinflammation, host
factor regulation, and metabolic disorders, and eventually affects systemic diseases via the oral-gut axis. This review aims

to provide a new perspective for the prevention and treatment of periodontitis-related systemic comorbidities.
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® Inflammatory bowel disease
® Rheumatoid arthritis

® Metabolic disorders

® Alzheimer’s disease

® Osteoporosis

® SCFAs
e BCAAs
@ Virulence factors

® Microbiota alteration ® Intestinal barrier disruption
e Immune dysregulation

e Chronic inflammation

® Metabolic changes
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Fig 1 Periodontitis affects systemic comborbidities via oral-gut axis

SCFAs: short chain fatty acids; BCAAs: branched chain amino acids.
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Fig 2 Key pathogens and regulatory pathways mediating the impact of periodontitis on systemic diseases via oral-gut axis

BCAAs: branched chain amino acids; SCFAs: short chain fatty acids; GLP1: glucagonlikepeptide-1; T2DM: type 2 diabetes mellitus: ZO-1: zonula occludens 1; IBD:

inflammatory bowel disease; PPAD: peptidylarginine deiminase; ACPA: anti-citrullinated peptide antibodies; RA: rheumatoid arthritis; OP: osteoporosis; TMAO:

trimethylamine N-Oxide; FMO3: flavinmonooxygenase 3; AMI: acute myocardial infarction; LPS: lipopolysaccharides; MAFLD: metabolic dysfunction-associated fatty

liver disease; AD: Alzheimer's disease; PD: Parkinson's disease.
FEI N Sy DKEE B T BRESTURR S | e 1 1L A5 A 78 AR AL, B
L RO NURESE , IiAeh AN R E . HF9EaRB, 28 A
285 3y ok ok A R AL M 1 A 8 2 VAR G, o 3 TR A
ZETL AT 0 ASHE R, e rp gy 1 B R Y A =
H % (trimethylamine N-Oxide, TMAO) ] fE/ 3 & %
B, XTAOSF W IWFIE & B, ApoE ™/~ o JAl S B AU /N Bl
SJE I TMAO /K- Fir, JHIE #5501 420 3 (flavin
monooxygenase 3, FMO3) k1N, H %8 G R 2 i
F2 AR, BRI A v] R 17 T 1 T TR O R A
P e ASHERR (1K2) .

e I CVDRY B 2 fE R A % . CHENSE il i il
PRAE T TR AU AIF ST, 254168 rRNAJN | 2 3 P 4130

K SEBAIE S, o T 4 A W e/ ok s 3 TR
KRB, HiZ2e SRS R 8 1 s K e
WAL P 2 O, Horh 5 SRR R (Veillonella) 7 R E
FET R EEEIBE . VeillonellafF g K HEHAR
R, FlE R HENOAE SRR I o V5 e il AR
R R R A sk R A SR/ R I, HOAZE
WEVR IR Veillonellan] 75/ U TE E#E, HoEM & 510
FEIEAHDG, $755 17 J5E- 7 30 T A% 36 71T B2 5 1L 1) 2L
FALH (E2) .

Z M0 JIUFESE (acute myocardial infarction, AMI) &
R BT, 20 ) R L IR SR T Y 32 B
o A Y sh B2 & O A Ve 5 AMUR A=



1

SB35 2 gm0 2R G R K I ek e S e 19

RIBAAKRLE, — TN A 3715 AMIEE 5 36151l fi B X it
HRIBESE, E I D L R R TRTBE S i SRR AN 165
rRNAS KM P 455 sh P S5k 52, AMUE# H A9
aZ PRI T, ME R Y o AR R, 1 Bk
P AT SE 2 - Rl e A T R, I k2 R B L
FEAERR RS HASTENLH Ry 1R B IR TR ) IR SRR . BB Wk
WE I S5 B0 R 7 AE AR 18 S AT IO TLR2/NF-k B A E il
%, S ETNF-a, IL-65502 48 P 1 AL, e SR Sl ik A i
P00 K MR TR 18 [ 5 407 T R TR 55 4t B Y i A
AL, FECT BRA I | B BRI RS2, K N
RN, 2] 4 B SR FLC WU (1512)
2.3 IBD

IBDJ&— 26 LUME M IE KA A% OAFIE R BAR, 5
WIGBHE TS % (UC) Flve B % (CD), 55 A & 17
TESL[E B S RE ML, - Tl D e 2 T 3 R 1 %
Lo I PRBFFEIESE, IBD I o8 JH % MU 3 B35 Tt s, F
JEVEREE (P. gingiviisHIF. nucleatum ) 76778 N =F BEHEINEY,,
T3 — T4 A 601 TBD £ 3 145151 {55 %o L 1 i B A 5
(127> H B )38 3t 165 rRNAT 4347 el 1% J 3 T
J& BRIBD 71 5 gy T8 A 0 AR DI RE 355 v Tt B o it
2, Ho F AR 8 S AR I, HLRU 2 R 98 R RE
585 CD BB REPRGAARSC, (BT 5T A 1 MY
LA W0 A 4 BT 2 JR) 42 Jmy B TR A, T st T O B B
Wo SSisit— R T AL : ATARASHI
SF1E S 26 CD AR | 205 i B A7 R M 2 ) T Bl vk
UCH MR B AE R TC R /MR, UESE H R IR 7
17 TG T i TR AR 0 T S5 67 7 A2 5 Th LA L 3% Ak S S
SORE ) SRHER N o S5 AT BIF9E 1) 2.5% DSSIF S 457 42 /)N
SR ) = =28 JR B B (P. gingivalis, P. intermedia
FIE. nucleatum), ZIRALP. gingivalis] i Z ME L5 R,
HAZOHLH AR 4 S 3 8 1 ZO- 1 R AR
T b B B W, B0 g 3 3 R B I P EE R KCF-, TP,
gingivalis 28 53 28 Bk W 3% 2K 1% in 5 88007, 447K P.
gingivalisA] ELIEAE T 5 1845 F 00718 bR e i, il
B I R AE" ", i A R R S5 IBD R CHEFR AL T ML IE 4
(K2).
24 ERUBMXTR

RAJE—FHLIRBEAAE | B R IE Y B B et
PRI, I R Mast A% | BREE M e = TLAE 2 M I R . RA
55 55 R RAFAE R AT OCHR, 11 - el s 2560 R 50
HEOCHRHLE 2 —. P9 RIT, FUHRALFH FIRA R fa AFE
1 A AL 2 5, W Veillonella 5 TR IR R ®
(Prevotlla) . MW JE (Tannerella) FEF+ &, M

Defluviitaleaceae UCG-011., I8 7% 18 ( Neisseria oralis)
FREREAR, Ah, I B A R T TE AR DGR [ 4 1
I [6] 2 515 F RS LERE, XTRAK A K HA #
FEVEF, HE B P. gingivalisn] $LFEL/N U IE W K 18 fe
PERRAS, HE MM T R AR, H AT 5 E W P.
gingivalis Al 2R F RIS R I 1. 2 8 (peptidylarginine
deiminase, PPAD) A] Hp[r] ™A= IR R b B HH0)a, 5S40
JRE LR ALK (anti-citrullinated peptide antibodies,
ACPA) A 1, WG 5 R SN 2 5 RAR IR, ST —
TG B PR AN F 55 PFAL T RASS 2 259 H 2 e (MTX)
H53EF AR A JH38Y7 (non-surgical periodontal therapy,
NSPT)Xf RA G 15 - iy 38 T A 10 52 ), 45 21 W
MTX AT FEAI - 18 R a2 R, 202 1 RS TR B2 A
P, (HX 2 Ji 48 80TC 10 2% 52005 MINSPT AT g 2 R 52 101 Ji
REZ RN 2T 3R I 18 T R BT AR RATR YT
N TEAR W, H DI B0 -5 RAKE I 3 B2 7)
(Disease Activity Score in 28 Joints, DAS28 ) FHCEK, i#f—
ESIE T H - ERASEEEERE A AR (1812) o
2.5 REHEXIERRERR

MAFLD X FRAEPRG AR 519 (nonalcoholic fatty
liver disease, NAFLD), Hij € 520 425k 1/3 iU4E N\ 11
A — RIS PENTR . A RGEA D, i F -
Y38 - JFP AR At C - - ) 5 RS OGT . HAZ OB
BEAR A R SO TR 28 W R A T 1 1 AN 1 D e
WEEZR (AHLPS) S5 221 T DK AL e AT JUE , 005 TP K uffer 2
Jl B TLR4/NF-Bif #%, fE #E1L-6, TNF-a%5 R AE H T B
i, SET IR DAV | 2R Ak B3, s S
HE— 2 E 2 1 U FH : KURAJIA 7 5 Sy B ol
2 2 R B0 T A /N B R ABE AN, e B RR B R AT
FR AT 3E T - - T R A O O oD O I NE 2
AL, PRI N AR AE, 135 G 2 R AH S MAFLD Y TR
A PE S SRR AN I . WANGHE TE R IR B 155
/N BRE AL v, 22 1 25 T 2091 30 3 4 i) 4% S8 3 e
VAT, RS DA AT 38 5 T i 3 o B T R e . (2 ik
YU 5 LTS TLRAJ A I8 %, I SR (o 202 - R IR
GAIR- ADRAH, BTN FFRE A5 1, ELAFE R 9 18 AT 2 B
WA, AR S5MAFLD SR AL T O -7 - i 5
I FRHLEIESE . A, K ECF A REB S Y05 B,
S JR 98 75 5 K R 00 5 R A8 1, P B g 3 TR 2
8 (Firmicutes/ Bacteroidetes V. {E Tt 55, Ruminococcus s %,
AR B Allobaculums /L) | i B HERE AR T
W K A8 BE R IR, METIL- 135 LPS/KFEFm5| A2 Y
RAE, G5B RSN ML UE S, 2 JR 98 W] figsd o F -1 - Bl A



20 PR AE2A A (B 2D

5 5745

Sl A RS, S T ESCD 1/ AMPKAF 553 [, fe#¢
BRI SRS (E2) .
2.6 WERZKER

UEAEBFFE R, 1 -Ji A0 5 00 TR I - 8 A 10 % 2 il
ZRATVEBERG I 2GR . BT R 20 B0 (Alzheimer's
disease, AD)VE Ny UL Al # 22 R GEiRATVESN, LI B-TE
KRR 1 (AR TR B A 28 S E A% g FRAFAIE, Fop 2
O AT R T R AR, BT R A AR R R A R 1
(amnestic mild cognitive impairment, aMCI) Bz, QIUZE™
iBid 168 rRNAMF/3#732 B AD | 32laMCIE# B
S2MNHNIE T AR T BBERRE, IF45 G LC-MS/MSK:
DRV A2, 222 2B B 45 R R : ADEE A i %
JEE AR B R TaMCLIE A MO HNIE B AR, R A
VRS ETLATRES SADM R AR E . Sk
PE—HAIESL, 7E APPswe/PS1AEYH: FE K AD /NS
9 55 A VR VR TR A 22 T PT E AT, 175 JE TR
AT B St WA 3, 4 SR PR ok i i o B 4= A A
PSR G, WO A 20 e ST 240 L, (2 i A PBREERHERR B b 28 4%
SiE (GFAP R IE I B ZIME | Tbal /NI B4R BEH0E ) , 2
FEINHIBERF, BUAR, P. gingivalisit) 35 )1 R F 1] B4z
VG T - LR - i3 B A 28 K, i — 2B TR b 24 457

Z I 5 R AN TE I A ) 2L AE A 4 #7955 (Parkinson's
disease, PD) A IRI4EAE I, UESE W 1B A WA Qi) K 2
T3 PR RT3 35 T 28 S RE 5 AR AN O A 28R A
PE4E . CLASENZFH B9 & B, PDIA I i £ 5 47
TE & - R e 08, RICAGIE N T IRA 45 W
(Hll Faecalibacterium prausnitzii, Roseburia) J8/V> . B0
(W Escherichia coli, Klebsiella pneumoniae)$¥ 22, I HP.
endodontalis 45 H 1 B 0] i 1E RS A7 il S 28 N
MR 1 F (WlompA . gmhA) &4, XL
AT S 2R R I A N R AR R A RES S
PDIAFITIRE T K, TE S 11 - 17 - i b A 5 19 1 R 2 )
PD A B A () S EEHL A
2.7 BIREHIE

B JR B AME (osteoporosis, OP) 28 BN B FRAIK
H/NRMEE BN, B2 S5 tkE k. WETER 5T 4
7R IF JR 9 AT e B BB AN AE A f e PR 2R 1B PR SR SCHIE
PR o T Eh ) B A AR GT T A ) SRR AIL
il 0 A K 18051 2 ) 4 RE A WV R AR T S OB (OVX)
KB 2 S S B2 ] 9% RE  va Y TR R AT I 35 B O VXER
SUBCE- B e, (BB T B8 R, 5 J6] 2 ek
TR S 57 502 L M 3, B UR Jg 30E J5e e, on  J 8 4 0 O 2
78 i S R R L N . o T AR O R — 2P 2 B AR AR

R L, e MR R RIS E S JE 4 T
W - EOVX K MK £, M-I %
P IR JIIEdE . ApoE~//INELA K E R ILAE, B
Fa S 2 AR R B B N B TR AN , S5 “ A JH R -1
TH A BE- B RS A BB AL LIAET R A AU 9T K
B, 8 5 AT i /0N R T8 B RO R (Firmicutes TH i
Bacteroidetesl& i), 1 i 45 7 1% B R AE M i 16 8 75
PERE 5 B RS AR S IIE S DR SR S, 2]
1 2 JE 9 T AL 4 I T TR B SR ApoE~//INE 4 B B
R (E2).

3 REFREE

JSAE R J 9 a2k 11 - g it e 4 By 5 B AR DG IF Y
H 4t 2, HIFTEE Z AR . YRTPHFEIES 2k A 3)
PR, k1A S h M i) S 2F S SRR XE LA 2618
PRI JE R B R B AR, 75 2R AR P e — P BE
EARE AR, HATHRS ORI mase & e, 2R
ARG 2B R R, BRZ 0 RIS, R
RESRALSR A R PR O ZRAESE, HLER TS Ae A i ),
A S T A ey, 10 RTRE A7 7 o B 2 S,
—RBFFEAE T REA R A EE L. 34, fEf sl i
NSk L G SN SR 1 S IS N - 21 I E i1
TREE XS 1 - il ) I i) 000 PRARK B, k= IR0 A TR R
st I TR B B . AERLRIEE T T, fiE A
5 BRI I S AR L AN TR0 R A4 57 PO 8 AT
TRASNT o AR AT HH SIS a TR | 5 5k
P22 AU S 2 A R e 22 B S FTE R A
figp AT 2 J) 9 S I A AL, [+ Pk 3R £ S B B0 T ) 7
FIF | i A AR S i, WA ) 2 2 ) e
PEVRPE 2% . TFREZ O R MR RIS PR BA SIS 7015
PEFSE, S KB ER T JH 5 8 H 1 TE B R R fiE
L2 A B S A RS, 3 — 20 WA 11 - i Bl g D SRAE
TE AR - R XA T 3 SR, i 2B B L L pe 2R
R MFE R AR T B b RAS 1L . 38k, TP AT 1
J¥ - I A AR 3 IXUBS: TSR, Ay oF ) S AR G 4 B 9
P B4 SRS TUTS . RS T S RGR T T S BB SRS

* * *

FEETTRRE B KRB ST SO L 2 BRI, TS T s e 5
P, ZEE M i R ST AT DFEr R B U5, 0 o
ST SR MBS S F S S SR TAfEE LA
[ TRy SO P AR AT, LA 2 R RUAS A T e 2 E A, Tl R
TARMFTA 7 5T

Author Contribution ZHANG Shuwei is responsible for



1

SB35 2 g aEa -5 2R G R X BT ek e S e 21

concetualization, funding acquisition, methodology, and writing--original

draft. LI Yuchao, YANG Ze, and HUANG Haifeng are responsible for

investigation, methodology, and resources. PAN Yaping is responsible for

conceptualization, funding acquisition, project administration, and writing-

-review and editing. All authors consented to the submission of the article to

the Journal. All authors approved the final version to be published and

agreed

to take responsibility for all aspects of the work.

Rl Ira e & R U AER 5 e

Declaration of Conflicting Interests

All authors declare no completing

interests.

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

2 % x W

ELABDEEN H R Z, BERGGREEN E, JENSEN K H, et al. Prevalence of
periodontitis in a 70-year-old population in western Norway according to
the ACES 2018 classification framework: a cross-sectional study. J Clin
Periodontol, 2025, 52(5): 754-761. doi: 10.1111/jcpe.14128.

WO, IEIR AR ZF J 5 % 42 B R e 5 ) B LRI B e i it
JRH. DEPIRFIIR, 2025, 33(6): 433-444. doi: 10.12016/j.is5n.2096-
1456.202550049.

CHEN B, YAN F H. Progress and prospects in the research on the impact
of periodontal disease on systemic diseases and its mechanisms. J Prev
Treat Stomatol Dis, 2025, 33(6): 433-444. doi: 10.12016/j.issn.2096-1456.
202550049.

QUINTERO S, AIT-AISSA K, MUNKHSAIKHAN U, et al. Exploring the
relationship between periodontal diseases and osteoporosis: Potential role
of butyrate. Biomed Pharmacother, 2025, 182: 117791. doi: 10.1016/j.
biopha.2024.117791.

WU J, YAO L, LIU Y, et al. Periodontitis and osteoporosis: a two-sample
Mendelian randomization analysis. Braz ] Med Biol Res, 2024, 57: €12951.
doi: 10.1590/1414-431X2024e12951.

SALHI L, Al TAEP Y, SALMON E, et al. How periodontitis or
periodontal bacteria can influence Alzheimer's disease features? a
systematic review of pre-clinical studies. ] Alzheimers Dis, 2023, 96(3):
979-1010. doi: 10.3233/JAD-230478.

RUBINSTEIN T, BRICKMAN A M, CHENG B, et al. Periodontitis and
brain magnetic resonance imaging markers of Alzheimer's disease and
cognitive aging. Alzheimers Dement, 2024, 20(3): 2191-2208. doi: 10.
1002/alz.13683.

XU Q, WANG W, LI'Y, et al. The oral-gut microbiota axis: a link in
cardiometabolic diseases. NPJ Biofilms Microbiomes, 2025, 11(1): 11. doi:
10.1038/541522-025-00646-5.

YU J,LYU J, ZHU T, et al. Oral-gut axis in inflammation: periodontitis
exacerbates ulcerative colitis via microbial dysbiosis and barrier
disruption. BMC Oral Health, 2025, 25(1): 894. doi: 10.1186/s12903-025-
06269-8.

YE X, LIU B, LIU Z, et al. Genetic susceptibility and metabolic pathways
linking oral health to metabolic dysfunction-associated steatotic liver
disease. ] Periodontol, 2025. doi: 10.1002/jper.70029.

KIM M Y, PANG E K. Relationship between periodontitis and systemic
health conditions: a narrative review. Ewha Med J, 2025, 48(2): e27. doi:
10.12771/em;j.2025.00101.

JEIRGZE, DRAAAE, 2R AR, 55, EMAY S 2 5 RE SRR,
JIKZ 2 (BEAERR), 2023, 54(1): 1-6. doi: 10.12182/20230160504.
ZHOU LJ, CHEN BY, LI Y L, et al. Oral Microbiome and Systemic
Diseases. | Sichuan Univ (Med Sci), 2023, 54(1): 1-6. doi: 10.12182/
20230160504.

KUNATH B J, De RUDDER C, LACZNY C C, et al. The oral-gut
microbiome axis in health and disease. Nat Rev Microbiol, 2024, 22(12):
791-805. doi: 10.1038/s41579-024-01075-5.

BAKER J L, MARK WELCH J L, KAUFFMAN K M, et al. The oral
microbiome: diversity, biogeography and human health. Nat Rev
Microbiol, 2024, 22(2): 89-104. doi: 10.1038/s41579-023-00963-6.

[14]

[15]

(16]

[17]

(18]

[19]

(20]

[21]

[22]

(23]

(24]

[25]

(26]

(27]

(28]

[29]

(30]

[31]

(32]

(33]

KITAMOTO S, KAMADA N. Periodontal connection with intestinal
inflammation: Microbiological and immunological mechanisms.
Periodontol 2000, 2022, 89(1): 142-153. doi: 10.1111/prd.12424.
KITAMOTO S, NAGAO-KITAMOTO H, JIAO Y, et al. The
intermucosal connection between the mouth and gut in commensal
pathobiont-driven colitis. Cell, 2020, 182(2): 447-462. el4. doi:
10.1016/j.cell.2020.05.048

LOURENVARSIGMAO T G B, SPENCER S J, ALM E J, et al. Defining
the gut microbiota in individuals with periodontal diseases: an
exploratory study. ] Oral Microbiol, 2018, 10(1): 1487741. doi: 10.1080/
20002297.2018.1487741.

WANG A, ZHAI Z, DING Y, et al. The oral-gut microbiome axis in
inflammatory bowel disease: from inside to insight. Front Immunol, 2024,
15: 1430001. doi: 10.3389/fimmu.2024.1430001.

SATO K, TAKAHASHI N, KATO T, et al. Aggravation of collagen-
induced arthritis by orally administered Porphyromonas gingivalis
through modulation of the gut microbiota and gut immune system. Sci
Rep, 2017, 7(1): 6955. doi: 10.1038/s41598-017-07196-7.

KAGEYAMA S, SAKATA S, MA J, et al. High-resolution detection of
translocation of oral bacteria to the gut. ] Dent Res, 2023, 102(7): 752-758.
doi: 10.1177/00220345231160747.

CHEUNG M K, TONG SLY, WONG M C S, et al. Extent of oral-gut
transmission of bacterial and fungal microbiota in healthy Chinese adults.
Microbiol Spectr, 2023, 11(1): €0281422. doi: 10.1128/spectrum.02814-22.
SCHMIDT T S, HAYWARD M R, COELHO L P, et al. Extensive
transmission of microbes along the gastrointestinal tract. Elife, 2019, 8:
€42693. doi: 10.7554/eLife.42693

BAOJ, LIL, ZHANG Y, et al. Periodontitis may induce gut microbiota
dysbiosis via salivary microbiota. Int J Oral Sci, 2022, 14(1): 32. doi: 10.
1038/541368-022-00183-3.

LIY, XIN'Y, ZONG W, et al. The role of oral microbiota in digestive
system diseases: current advances and perspectives. ] Oral Microbiol,
2025, 17(1): 2566403. doi: 10.1080/20002297.2025.2566403.

ZHANG Y, ZHANG S. Oral microbiota and biliary tract cancers:
unveiling hidden mechanistic links. Front Oncol, 2025, 15: 1585923. doi:
10.3389/fonc.2025.1585923.

HAJISHENGALLIS G. Periodontitis: from microbial immune subversion
to systemic inflammation. Nat Rev Immunol, 2015, 15(1): 30-44. doi: 10.
1038/nri3785.

LI B, GE Y, CHENG L, et al. Oral bacteria colonize and compete with gut
microbiota in gnotobiotic mice. Int J Oral Sci, 2019, 11(1): 10. doi: 10.
1038/s41368-018-0043-9.

READ E, CURTIS M A, NEVES J F. The role of oral bacteria in
inflammatory bowel disease. Nat Rev Gastroenterol Hepatol, 2021, 18(10):
731-742. doi: 10.1038/s41575-021-00488-4.

XUE L, ZOU X, YANG X Q, et al. Chronic periodontitis induces
microbiota-gut-brain axis disorders and cognitive impairment in mice.
Exp Neurol, 2020, 326: 113176. doi: 10.1016/j.expneurol.2020.113176.
QIANJ, LU J, HUANGY, et al. Periodontitis salivary microbiota worsens
colitis. ] Dent Res, 2022, 101(5): 559-568. doi: 10.1177/002203
45211049781.

KOMAZAKI R, KATAGIRI S, TAKAHASHI H, et al. Periodontal
pathogenic bacteria, Aggregatibacter actinomycetemcomitans affect non-
alcoholic fatty liver disease by altering gut microbiota and glucose
metabolism. Sci Rep, 2017, 7(1): 13950. doi: 10.1038/s41598-017-14260-9.
ARIMATSU K, YAMADA H, MIYAZAWA H, et al. Oral pathobiont
induces systemic inflammation and metabolic changes associated with
alteration of gut microbiota. Sci Rep, 2014, 4: 4828. doi: 10.1038/
srep04828.

DONG L, JI Z, HU J, et al. Oral microbiota shifts following tooth loss
affect gut health. BMC Oral Health, 2025, 25(1): 213. doi: 10.1186/s12903-
025-05581-7.

YANG W, YU T, HUANG X, et al. Intestinal microbiota-derived short-
chain fatty acids regulation of immune cell IL-22 production and gut
immunity. Nat Commun, 2020, 11(1): 4457. doi: 10.1038/s41467-020-


https://doi.org/10.1111/jcpe.14128
https://doi.org/10.1111/jcpe.14128
https://doi.org/10.1111/jcpe.14128
https://doi.org/10.12016/j.issn.2096-1456.202550049
https://doi.org/10.12016/j.issn.2096-1456.202550049
https://doi.org/10.12016/j.issn.2096-1456.202550049
https://doi.org/10.12016/j.issn.2096-1456.202550049
https://doi.org/10.12016/j.issn.2096-1456.202550049
https://doi.org/10.12016/j.issn.2096-1456.202550049
https://doi.org/10.12016/j.issn.2096-1456.202550049
https://doi.org/10.12016/j.issn.2096-1456.202550049
https://doi.org/10.12016/j.issn.2096-1456.202550049
https://doi.org/10.12016/j.issn.2096-1456.202550049
https://doi.org/10.1016/j.biopha.2024.117791
https://doi.org/10.1016/j.biopha.2024.117791
https://doi.org/10.1016/j.biopha.2024.117791
https://doi.org/10.1590/1414-431X2024e12951
https://doi.org/10.1590/1414-431X2024e12951
https://doi.org/10.1590/1414-431X2024e12951
https://doi.org/10.1590/1414-431X2024e12951
https://doi.org/10.3233/JAD-230478
https://doi.org/10.3233/JAD-230478
https://doi.org/10.3233/JAD-230478
https://doi.org/10.3233/JAD-230478
https://doi.org/10.1002/alz.13683
https://doi.org/10.1002/alz.13683
https://doi.org/10.1002/alz.13683
https://doi.org/10.1038/s41522-025-00646-5
https://doi.org/10.1038/s41522-025-00646-5
https://doi.org/10.1038/s41522-025-00646-5
https://doi.org/10.1038/s41522-025-00646-5
https://doi.org/10.1038/s41522-025-00646-5
https://doi.org/10.1038/s41522-025-00646-5
https://doi.org/10.1038/s41522-025-00646-5
https://doi.org/10.1038/s41522-025-00646-5
https://doi.org/10.1186/s12903-025-06269-8
https://doi.org/10.1186/s12903-025-06269-8
https://doi.org/10.1186/s12903-025-06269-8
https://doi.org/10.1186/s12903-025-06269-8
https://doi.org/10.1186/s12903-025-06269-8
https://doi.org/10.1186/s12903-025-06269-8
https://doi.org/10.1186/s12903-025-06269-8
https://doi.org/10.1186/s12903-025-06269-8
https://doi.org/10.1002/jper.70029
https://doi.org/10.12771/emj.2025.00101
https://doi.org/10.12771/emj.2025.00101
https://doi.org/10.12182/20230160504
https://doi.org/10.12182/20230160504
https://doi.org/10.12182/20230160504
https://doi.org/10.1038/s41579-024-01075-5
https://doi.org/10.1038/s41579-024-01075-5
https://doi.org/10.1038/s41579-024-01075-5
https://doi.org/10.1038/s41579-024-01075-5
https://doi.org/10.1038/s41579-024-01075-5
https://doi.org/10.1038/s41579-024-01075-5
https://doi.org/10.1038/s41579-024-01075-5
https://doi.org/10.1038/s41579-024-01075-5
https://doi.org/10.1038/s41579-023-00963-6
https://doi.org/10.1038/s41579-023-00963-6
https://doi.org/10.1038/s41579-023-00963-6
https://doi.org/10.1038/s41579-023-00963-6
https://doi.org/10.1038/s41579-023-00963-6
https://doi.org/10.1038/s41579-023-00963-6
https://doi.org/10.1038/s41579-023-00963-6
https://doi.org/10.1038/s41579-023-00963-6
https://doi.org/10.1038/s41579-023-00963-6
https://doi.org/10.1111/prd.12424
https://doi.org/10.1111/prd.12424
https://doi.org/10.1016/j.cell.2020.05.048
https://doi.org/10.1080/20002297.2018.1487741
https://doi.org/10.1080/20002297.2018.1487741
https://doi.org/10.1080/20002297.2018.1487741
https://doi.org/10.3389/fimmu.2024.1430001
https://doi.org/10.3389/fimmu.2024.1430001
https://doi.org/10.1038/s41598-017-07196-7
https://doi.org/10.1038/s41598-017-07196-7
https://doi.org/10.1038/s41598-017-07196-7
https://doi.org/10.1038/s41598-017-07196-7
https://doi.org/10.1038/s41598-017-07196-7
https://doi.org/10.1038/s41598-017-07196-7
https://doi.org/10.1038/s41598-017-07196-7
https://doi.org/10.1038/s41598-017-07196-7
https://doi.org/10.1038/s41598-017-07196-7
https://doi.org/10.1177/00220345231160747
https://doi.org/10.1177/00220345231160747
https://doi.org/10.1128/spectrum.02814-22
https://doi.org/10.1128/spectrum.02814-22
https://doi.org/10.1128/spectrum.02814-22
https://doi.org/10.1128/spectrum.02814-22
https://doi.org/10.7554/eLife.42693
https://doi.org/10.1038/s41368-022-00183-3
https://doi.org/10.1038/s41368-022-00183-3
https://doi.org/10.1038/s41368-022-00183-3
https://doi.org/10.1038/s41368-022-00183-3
https://doi.org/10.1038/s41368-022-00183-3
https://doi.org/10.1038/s41368-022-00183-3
https://doi.org/10.1038/s41368-022-00183-3
https://doi.org/10.1038/s41368-022-00183-3
https://doi.org/10.1038/s41368-022-00183-3
https://doi.org/10.1080/20002297.2025.2566403
https://doi.org/10.1080/20002297.2025.2566403
https://doi.org/10.3389/fonc.2025.1585923
https://doi.org/10.3389/fonc.2025.1585923
https://doi.org/10.1038/nri3785
https://doi.org/10.1038/nri3785
https://doi.org/10.1038/nri3785
https://doi.org/10.1038/s41368-018-0043-9
https://doi.org/10.1038/s41368-018-0043-9
https://doi.org/10.1038/s41368-018-0043-9
https://doi.org/10.1038/s41368-018-0043-9
https://doi.org/10.1038/s41368-018-0043-9
https://doi.org/10.1038/s41368-018-0043-9
https://doi.org/10.1038/s41368-018-0043-9
https://doi.org/10.1038/s41368-018-0043-9
https://doi.org/10.1038/s41368-018-0043-9
https://doi.org/10.1038/s41575-021-00488-4
https://doi.org/10.1038/s41575-021-00488-4
https://doi.org/10.1038/s41575-021-00488-4
https://doi.org/10.1038/s41575-021-00488-4
https://doi.org/10.1038/s41575-021-00488-4
https://doi.org/10.1038/s41575-021-00488-4
https://doi.org/10.1038/s41575-021-00488-4
https://doi.org/10.1038/s41575-021-00488-4
https://doi.org/10.1016/j.expneurol.2020.113176
https://doi.org/10.1016/j.expneurol.2020.113176
https://doi.org/10.1177/00220345211049781
https://doi.org/10.1177/00220345211049781
https://doi.org/10.1177/00220345211049781
https://doi.org/10.1038/s41598-017-14260-9
https://doi.org/10.1038/s41598-017-14260-9
https://doi.org/10.1038/s41598-017-14260-9
https://doi.org/10.1038/s41598-017-14260-9
https://doi.org/10.1038/s41598-017-14260-9
https://doi.org/10.1038/s41598-017-14260-9
https://doi.org/10.1038/s41598-017-14260-9
https://doi.org/10.1038/s41598-017-14260-9
https://doi.org/10.1038/srep04828
https://doi.org/10.1038/srep04828
https://doi.org/10.1038/srep04828
https://doi.org/10.1186/s12903-025-05581-7
https://doi.org/10.1186/s12903-025-05581-7
https://doi.org/10.1186/s12903-025-05581-7
https://doi.org/10.1186/s12903-025-05581-7
https://doi.org/10.1186/s12903-025-05581-7
https://doi.org/10.1186/s12903-025-05581-7
https://doi.org/10.1186/s12903-025-05581-7
https://doi.org/10.1186/s12903-025-05581-7
https://doi.org/10.1038/s41467-020-18262-6
https://doi.org/10.1038/s41467-020-18262-6
https://doi.org/10.1038/s41467-020-18262-6
https://doi.org/10.1038/s41467-020-18262-6
https://doi.org/10.1038/s41467-020-18262-6

22

PRS2 (B 2D

5 5745

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

18262-6.

BARBARA G, BARBARO M R, FUSCHI D, et al. Inflammatory and
microbiota-related regulation of the intestinal epithelial barrier. Front
Nutr, 2021, 8: 718356. doi: 10.3389/fnut.2021.718356.

SUN J, WANG X, XIAO J, et al. Autophagy mediates the impact of
Porphyromonas gingivalis on short-chain fatty acids metabolism in
periodontitis-induced gut dysbiosis. Sci Rep, 2024, 14(1): 26291. doi: 10.
1038/s41598-024-77909-2.

AZZOLINO D, CARNEVALE-SCHIANCA M, SANTACROCE L, et al.
The oral-gut microbiota axis across the lifespan: new insights on a
forgotten interaction. Nutrients, 2025, 17(15): 2538. doi: 10.3390/
nul7152538.

LIU L, LIANG L, YANG C, et al. Extracellular vesicles of Fusobacterium
nucleatum compromise intestinal barrier through targeting RIPK1-
mediated cell death pathway. Gut Microbes, 2021, 13(1): 1-20. doi: 10.
1080/19490976.2021.1902718.

WEI S, ZHANG J, WU X, et al. Fusobacterium nucleatum extracellular
vesicles promote experimental colitis by modulating autophagy via the
miR-574-5p/CARD?3 axis. Inflamm Bowel Dis, 2023, 29(1): 9-26. doi: 10.
1093/ibd/izac177.

HAJISHENGALLIS G, CHAVAKIS T. Local and systemic mechanisms
linking periodontal disease and inflammatory comorbidities. Nat Rev
Immunol, 2021, 21(7): 426-440. doi: 10.1038/s41577-020-00488-6.
BOONYALEKA K, OKANO T, IIDA T, et al. Fusobacterium nucleatum
infection activates the noncanonical inflammasome and exacerbates
inflammatory response in DSS-induced colitis. Eur ] Immunol, 2023,
53(11): €2350455. doi: 10.1002/€ji.202350455.

JIA L, JIANG Y, WU L, et al. Porphyromonas gingivalis aggravates colitis
via a gut microbiota-linoleic acid metabolism-Th17/Treg cell balance axis.
Nat Commun, 2024, 15(1): 1617. doi: 10.1038/s41467-024-45473-y.
HARBOUR S N, MAYNARD C L, ZINDL C L, et al. Th17 cells give rise
to Th1 cells that are required for the pathogenesis of colitis. Proc Natl
Acad Sci U S A, 2015, 112(22): 7061-7066. doi: 10.1073/pnas.1415675112.
SANZ M, CERIELLO A, BUYSSCHAERT M, et al. Scientific evidence on
the links between periodontal diseases and diabetes: Consensus report
and guidelines of the joint workshop on periodontal diseases and diabetes
by the International Diabetes Federation and the European Federation of
Periodontology. ] Clin Periodontol, 2018, 45(2): 138-149. doi: 10.1111/jcpe.12808.
WRICC, Bl e, SERIE, S5 8 Mo AP TR Ao T AN A T X
s/ ISR AL SR 1S BE 25T, 2023, 39(11): 1005-1011. doi: 10.
13701/j.cnki kqyxyj.2023.11.013.

CHEN W W, YAN F H, MO C L, et al. Effect of Porphyromonas gingivalis
on blood glucose and intestinal flora in diabetic mice: A mechanistic
exploration. ] Oral Sci Res, 2023, 39(11): 1005-1011. doi: 10.13701/j.cnki.
kqyxyj.2023.11.013.

WATANABE K, KATAGIRI S, TAKAHASHI H, et al. Porphyromonas
gingivalis impairs glucose uptake in skeletal muscle associated with
altering gut microbiota. FASEB J, 2021, 35(2): €21171. doi: 10.1096/fj.
202001158R.

DENG J, DAIS, LIU S, et al. Application of tongue image characteristics
and oral-gut microbiota in predicting pre-diabetes and type 2 diabetes
with machine learning. Front Cell Infect Microbiol, 2024, 14: 1477638.
doi: 10.3389/fcimb.2024.1477638.

LIL, BAOJ, CHANGY, et al. Gut microbiota may mediate the influence
of periodontitis on prediabetes. ] Dent Res, 2021, 100(12): 1387-1396. doi:
10.1177/00220345211009449.

OHTSU A, TAKEUCHI Y, KATAGIRI S, et al. Influence of
Porphyromonas gingivalis in gut microbiota of streptozotocin-induced
diabetic mice. Oral Dis, 2019, 25(3): 868-880. doi: 10.1111/0di.13044.
SHEN X, WEI H, LI, et al. Ectopic colonization and immune landscapes
of periodontitis microbiota in germ-free mice with streptozotocin-
induced type 1 diabetes mellitus. Front Microbiol, 2022, 13: 889415. doi:
10.3389/fmicb.2022.889415.

DONG Z, LV W, ZHANG G, et al. Correlation analysis of gut microbiota
and serum metabolome with Porphyromonas gingivalis-induced metabolic

(51]

[52]

(53]

[54]

(55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

disorders. Front Cell Infect Microbiol, 2022, 12: 858902. doi: 10.3389/
fcimb.2022.858902.

CHEN Z, ZHU Q, XU H, et al. Nano-functionalized probiotic treats
atherosclerosis via inhibiting intestinal microbiota-TMA-TMAO axis. Nat
Commun, 2025, 16(1): 11294. doi: 10.1038/s41467-025-66448-7.

ZHOU J, CHEN S, REN J, et al. Association of enhanced circulating
trimethylamine N-oxide with vascular endothelial dysfunction in
periodontitis patients. ] Periodontol, 2022, 93(5): 770-779. doi: 10.1002/
JPER.21-0159.

XIAO L, HUANG L, ZHOU X, et al. Experimental periodontitis
deteriorated atherosclerosis associated with trimethylamine N-oxide
metabolism in mice. Front Cell Infect Microbiol, 2021, 11: 820535. doi:
10.3389/fcimb.2021.820535.

CHENBY, LINW Z, LI Y L, et al. Roles of oral microbiota and oral-gut
microbial transmission in hypertension. ] Adv Res, 2023, 43: 147-161. doi:
10.1016/j.jare.2022.03.007.

KWUN J S, KANG S H, LEE H J, et al. Comparison of thrombus, gut, and
oral microbiomes in Korean patients with ST-elevation myocardial
infarction: a case-control study. Exp Mol Med, 2020, 52(12): 2069-2079.
doi: 10.1038/s12276-020-00543-1.

CHENBY, ZHU H, LI Y L, et al. Oral pathobionts aggravate myocardial
infarction through mobilization of B2 cells. Circulation, 2025, 152(19):
1348-1370. doi: 10.1161/CIRCULATIONAHA.125.074837.

LIY L, CHEN B Y, FENG Z H, et al. Roles of oral and gut microbiota in
acute myocardial infarction. ] Adv Res, 2025, 74: 319-332. doi: 10.1016/j.
jare.2024.10.009.

CAI Z,ZHU T, LIU F, et al. Co-pathogens in periodontitis and
inflammatory bowel disease. Front Med (Lausanne), 2021, 8: 723719. doi:
10.3389/fmed.2021.723719.

IMAI J, ICHIKAWA H, KITAMOTO S, et al. A potential pathogenic
association between periodontal disease and Crohn's disease. JCI Insight,
2021, 6(23): €148543. doi: 10.1172/jci.insight.148543.

ATARASHI K, SUDA W, LUO C, et al. Ectopic colonization of oral
bacteria in the intestine drives T(H)1 cell induction and inflammation.
Science, 2017, 358(6361): 359-365. doi: 10.1126/science.aan4526.
TSUZUNO T, TAKAHASHI N, YAMADA-HARA M, et al. Ingestion of
Porphyromonas gingivalis exacerbates colitis via intestinal epithelial
barrier disruption in mice. J Periodontal Res, 2021, 56(2): 275-288. doi:
10.1111/jre.12816.

KROESE ] M, BRANDT B W, BUIJS M J, et al. Differences in the oral
microbiome in patients with early rheumatoid arthritis and individuals at
risk of rheumatoid arthritis compared to healthy individuals. Arthritis
Rheumatol, 2021, 73(11): 1986-1993. doi: 10.1002/art.41780.

BODKHE R, BALAKRISHNAN B, TANEJA V. The role of microbiome
in rheumatoid arthritis treatment. Ther Adv Musculoskelet Dis, 2019, 11:
1759720X19844632. doi: 10.1177/1759720X19844632

FANG H, LIN J, QIU Y, et al. Epidemiology and pathogenesis of the link
between rheumatoid arthritis and periodontitis. ] Zhejiang Univ Sci B,
2025, 26(5): 448-460. doi: 10.1631/jzus.B2300519.

OLIVEIRA S R, De ARRUDA J A A, CORREA ] D, et al. Methotrexate
and non-surgical periodontal treatment change the oral-gut microbiota in
rheumatoid arthritis: a prospective cohort study. Microorganisms, 2023,
12(1): 68. doi: 10.3390/microorganisms12010068.

MOUSA N, ELMETWALLI A, ABDEL-RAZIK A, et al. Periodontitis and
metabolic dysfunction-associated steatotic liver disease: emphasizing the
clinical interplay between hepatologists and dentists. Odontology, 2025.
doi: 10.1007/510266-025-01184-4.

KURAJIR, YE C, ZHAO C, et al. Nisin lantibiotic prevents NAFLD liver
steatosis and mitochondrial oxidative stress following periodontal disease
by abrogating oral, gut and liver dysbiosis. NPJ Biofilms Microbiomes,
2024, 10(1): 3. doi: 10.1038/s41522-024-00476-x.

WANG M, LI L, QIAN J, et al. Periodontitis salivary microbiota
exacerbates nonalcoholic fatty liver disease in high-fat diet-induced obese
mice. iScience, 2023, 26(4): 106346. doi: 10.1016/j.isci.2023.106346.

XING T, LIU Y, CHENG H, et al. Ligature induced periodontitis in rats


https://doi.org/10.1038/s41467-020-18262-6
https://doi.org/10.1038/s41467-020-18262-6
https://doi.org/10.1038/s41467-020-18262-6
https://doi.org/10.3389/fnut.2021.718356
https://doi.org/10.3389/fnut.2021.718356
https://doi.org/10.3389/fnut.2021.718356
https://doi.org/10.1038/s41598-024-77909-2
https://doi.org/10.1038/s41598-024-77909-2
https://doi.org/10.1038/s41598-024-77909-2
https://doi.org/10.1038/s41598-024-77909-2
https://doi.org/10.1038/s41598-024-77909-2
https://doi.org/10.1038/s41598-024-77909-2
https://doi.org/10.1038/s41598-024-77909-2
https://doi.org/10.1038/s41598-024-77909-2
https://doi.org/10.1038/s41598-024-77909-2
https://doi.org/10.3390/nu17152538
https://doi.org/10.3390/nu17152538
https://doi.org/10.1080/19490976.2021.1902718
https://doi.org/10.1080/19490976.2021.1902718
https://doi.org/10.1080/19490976.2021.1902718
https://doi.org/10.1093/ibd/izac177
https://doi.org/10.1093/ibd/izac177
https://doi.org/10.1093/ibd/izac177
https://doi.org/10.1038/s41577-020-00488-6
https://doi.org/10.1038/s41577-020-00488-6
https://doi.org/10.1038/s41577-020-00488-6
https://doi.org/10.1038/s41577-020-00488-6
https://doi.org/10.1038/s41577-020-00488-6
https://doi.org/10.1038/s41577-020-00488-6
https://doi.org/10.1038/s41577-020-00488-6
https://doi.org/10.1038/s41577-020-00488-6
https://doi.org/10.1038/s41577-020-00488-6
https://doi.org/10.1002/eji.202350455
https://doi.org/10.1002/eji.202350455
https://doi.org/10.1038/s41467-024-45473-y
https://doi.org/10.1038/s41467-024-45473-y
https://doi.org/10.1038/s41467-024-45473-y
https://doi.org/10.1038/s41467-024-45473-y
https://doi.org/10.1038/s41467-024-45473-y
https://doi.org/10.1038/s41467-024-45473-y
https://doi.org/10.1038/s41467-024-45473-y
https://doi.org/10.1038/s41467-024-45473-y
https://doi.org/10.1073/pnas.1415675112
https://doi.org/10.1073/pnas.1415675112
https://doi.org/10.1073/pnas.1415675112
https://doi.org/10.1111/jcpe.12808
https://doi.org/10.1111/jcpe.12808
https://doi.org/10.13701/j.cnki.kqyxyj.2023.11.013
https://doi.org/10.13701/j.cnki.kqyxyj.2023.11.013
https://doi.org/10.13701/j.cnki.kqyxyj.2023.11.013
https://doi.org/10.13701/j.cnki.kqyxyj.2023.11.013
https://doi.org/10.13701/j.cnki.kqyxyj.2023.11.013
https://doi.org/10.13701/j.cnki.kqyxyj.2023.11.013
https://doi.org/10.1096/fj.202001158R
https://doi.org/10.1096/fj.202001158R
https://doi.org/10.1096/fj.202001158R
https://doi.org/10.3389/fcimb.2024.1477638
https://doi.org/10.3389/fcimb.2024.1477638
https://doi.org/10.1177/00220345211009449
https://doi.org/10.1177/00220345211009449
https://doi.org/10.1111/odi.13044
https://doi.org/10.1111/odi.13044
https://doi.org/10.3389/fmicb.2022.889415
https://doi.org/10.3389/fmicb.2022.889415
https://doi.org/10.3389/fcimb.2022.858902
https://doi.org/10.3389/fcimb.2022.858902
https://doi.org/10.3389/fcimb.2022.858902
https://doi.org/10.1038/s41467-025-66448-7
https://doi.org/10.1038/s41467-025-66448-7
https://doi.org/10.1038/s41467-025-66448-7
https://doi.org/10.1038/s41467-025-66448-7
https://doi.org/10.1038/s41467-025-66448-7
https://doi.org/10.1038/s41467-025-66448-7
https://doi.org/10.1038/s41467-025-66448-7
https://doi.org/10.1038/s41467-025-66448-7
https://doi.org/10.1038/s41467-025-66448-7
https://doi.org/10.1002/JPER.21-0159
https://doi.org/10.1002/JPER.21-0159
https://doi.org/10.1002/JPER.21-0159
https://doi.org/10.1002/JPER.21-0159
https://doi.org/10.1002/JPER.21-0159
https://doi.org/10.3389/fcimb.2021.820535
https://doi.org/10.3389/fcimb.2021.820535
https://doi.org/10.1016/j.jare.2022.03.007
https://doi.org/10.1016/j.jare.2022.03.007
https://doi.org/10.1038/s12276-020-00543-1
https://doi.org/10.1038/s12276-020-00543-1
https://doi.org/10.1038/s12276-020-00543-1
https://doi.org/10.1038/s12276-020-00543-1
https://doi.org/10.1038/s12276-020-00543-1
https://doi.org/10.1038/s12276-020-00543-1
https://doi.org/10.1038/s12276-020-00543-1
https://doi.org/10.1038/s12276-020-00543-1
https://doi.org/10.1161/CIRCULATIONAHA.125.074837
https://doi.org/10.1161/CIRCULATIONAHA.125.074837
https://doi.org/10.1016/j.jare.2024.10.009
https://doi.org/10.1016/j.jare.2024.10.009
https://doi.org/10.1016/j.jare.2024.10.009
https://doi.org/10.3389/fmed.2021.723719
https://doi.org/10.3389/fmed.2021.723719
https://doi.org/10.1172/jci.insight.148543
https://doi.org/10.1126/science.aan4526
https://doi.org/10.1126/science.aan4526
https://doi.org/10.1111/jre.12816
https://doi.org/10.1111/jre.12816
https://doi.org/10.1002/art.41780
https://doi.org/10.1002/art.41780
https://doi.org/10.1002/art.41780
https://doi.org/10.1177/1759720X19844632
https://doi.org/10.1631/jzus.B2300519
https://doi.org/10.1631/jzus.B2300519
https://doi.org/10.3390/microorganisms12010068
https://doi.org/10.1007/s10266-025-01184-4
https://doi.org/10.1007/s10266-025-01184-4
https://doi.org/10.1007/s10266-025-01184-4
https://doi.org/10.1007/s10266-025-01184-4
https://doi.org/10.1007/s10266-025-01184-4
https://doi.org/10.1007/s10266-025-01184-4
https://doi.org/10.1007/s10266-025-01184-4
https://doi.org/10.1038/s41522-024-00476-x
https://doi.org/10.1038/s41522-024-00476-x
https://doi.org/10.1038/s41522-024-00476-x
https://doi.org/10.1038/s41522-024-00476-x
https://doi.org/10.1038/s41522-024-00476-x
https://doi.org/10.1038/s41522-024-00476-x
https://doi.org/10.1038/s41522-024-00476-x
https://doi.org/10.1038/s41522-024-00476-x
https://doi.org/10.1016/j.isci.2023.106346

Ll SB35 2 g aEa -5 2R G R X BT ek e S e 23

[70]

[71]

[72]

(73]

causes gut dysbiosis leading to hepatic injury through SCD1/AMPK
signalling pathway. Life Sci, 2022, 288: 120162. doi: 10.1016/j.1fs.2021.
120162.

QIU C, ZHOU W, SHEN H, et al. Profiles of subgingival microbiomes
and gingival crevicular metabolic signatures in patients with amnestic
mild cognitive impairment and Alzheimer's disease. Alzheimers Res Ther,
2024, 16(1): 41. doi: 10.1186/s13195-024-01402-1.

LU J, ZHANG S, HUANG Y, et al. Periodontitis-related salivary
microbiota aggravates Alzheimer's disease via gut-brain axis crosstalk.
Gut Microbes, 2022, 14(1): 2126272. doi: 10.1080/19490976.2022.
2126272.

DOMINY S S, LYNCH C, ERMINIF, et al. Porphyromonas gingivalis in
Alzheimer's disease brains: Evidence for disease causation and treatment
with small-molecule inhibitors. Sci Adv, 2019, 5(1): eaau3333. doi: 10.
1126/sciadv.aau3333.

CLASEN F, YILDIRIM S, ARIKAN M, et al. Microbiome signatures of
virulence in the oral-gut-brain axis influence Parkinson's disease and
cognitive decline pathophysiology. Gut Microbes, 2025, 17(1): 2506843.
doi: 10.1080/19490976.2025.2506843.

[74] WANG N, ZHENG L, QIAN J, et al. Salivary microbiota of periodontitis
aggravates bone loss in ovariectomized rats. Front Cell Infect Microbiol,
2022, 12: 983608. doi: 10.3389/fcimb.2022.983608.
[75] LIL, WANG M, BAOJ, et al. Periodontitis may impair the homeostasis of
systemic bone through regulation of gut microbiota in ApoE(-/-) mice. J
Clin Periodontol, 2022, 49(12): 1304-1319. doi: 10.1111/jcpe.13708.
(2025 - 11 - 174k, 2026 - 01 — 124& 1)
ETLi e S
FEBERI SO R AU B Al Rl G
BY NG 4.0 BRVE I PP (CC BY-NC 4.0), FE4IME ik il
https://creativecommons.org/licenses/by-nc/4.0/,
OPEN ACCESS This article is licensed for use under Creative Commons
Attribution-NonCommercial 4.0 International license (CC BY-NC 4.0). For more

information, visit https://creativecommons.0rg/licenses/by—nc/4.0/ .

© 2026 (DU R2F2ER (BE2ERR) Y4 iEHs

Editorial Office of Journal of Sichuan University (Medical Sciences)


https://doi.org/10.1016/j.lfs.2021.120162
https://doi.org/10.1016/j.lfs.2021.120162
https://doi.org/10.1016/j.lfs.2021.120162
https://doi.org/10.1186/s13195-024-01402-1
https://doi.org/10.1186/s13195-024-01402-1
https://doi.org/10.1186/s13195-024-01402-1
https://doi.org/10.1186/s13195-024-01402-1
https://doi.org/10.1186/s13195-024-01402-1
https://doi.org/10.1186/s13195-024-01402-1
https://doi.org/10.1186/s13195-024-01402-1
https://doi.org/10.1186/s13195-024-01402-1
https://doi.org/10.1080/19490976.2022.2126272
https://doi.org/10.1080/19490976.2022.2126272
https://doi.org/10.1080/19490976.2022.2126272
https://doi.org/10.1126/sciadv.aau3333
https://doi.org/10.1126/sciadv.aau3333
https://doi.org/10.1126/sciadv.aau3333
https://doi.org/10.1080/19490976.2025.2506843
https://doi.org/10.1080/19490976.2025.2506843
https://doi.org/10.3389/fcimb.2022.983608
https://doi.org/10.3389/fcimb.2022.983608
https://doi.org/10.1111/jcpe.13708
https://doi.org/10.1111/jcpe.13708
https://doi.org/10.1111/jcpe.13708
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

	1 口-肠轴介导牙周炎全身影响的核心机制
	1.1 牙周致病菌肠道定植
	1.2 肠道微生态与屏障功能的双重紊乱
	1.3 宿主免疫失衡与炎症因子扩散

	2 牙周炎通过口-肠轴关联的主要系统性疾病
	2.1 糖尿病
	2.2 心血管疾病
	2.3 IBD
	2.4 类风湿性关节炎
	2.5 代谢相关脂肪性肝病
	2.6 神经系统疾病
	2.7 骨质疏松症

	3 总结与展望
	参考文献

