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in mice with experimental periodontitis, providing experimental evidence for understanding how environmental exposure
may be linked to the risk of neurodegenerative diseases by modulating chronic inflammation as a shared pathological
mechanism. Methods This study was approved by the Animal Ethics Committee of the Academy of Military Medical
Sciences. C57BL/6] mice were randomly divided into a control group (C group, untreated), a microwave radiation group
(R group, exposed to microwave radiation only), a periodontitis group (P group, ligation-induced periodontitis only), and
a periodontitis + microwave radiation group (PR group, ligation-induced periodontitis plus microwave radiation expo-
sure). A periodontitis model was established using the silk ligation method. Eight weeks after modeling, the R and PR
groups were subjected to whole-body microwave radiation at 2 800 MHz and 10 mW/cm’ for 10 h/day for 7 consecutive
days. Behavioral tests were conducted: the open field test and elevated plus maze test were used to assess anxiety-like
behavior, the Y-maze test to evaluate spatial memory, and the novel object recognition test to assess learning and
memory abilities. Micro-CT, hematoxylin & eosin staining (HE), and quantitative real-time polymerase chain reaction
(qPCR) were used to analyze periodontal tissue pathology and local inflammation. Serum and brain levels of lipopolysac-
charide (LPS), interleukin-1B (IL-1B), interleukin-6 (I1.-6), and tumor necrosis factor-a (TNF-a) were measured using
enzyme-linked immunosorbent assay (ELISA). The composition of the oral microbiota was analyzed based on 16S rRNA
sequencing. Results Behavioral tests showed that anxiety-like behavior was significantly exacerbated in the R and PR
groups, and spatial and recognition memory impairments in the PR and P groups were more severe compared with the R
and C groups, respectively (P < 0.05). Histological and molecular biological analyses revealed that periodontal inflam-
mation infiltration, alveolar bone resorption, and local expression of pro-inflammatory cytokines (TNF-ca, IL-18, IL-6)
were further exacerbated in the PR and P groups compared with the R and C groups, respectively (P < 0.05). ELISA re-
sults showed that in serum, LPS levels in group P and group PR were increased compared with group C and group R, re-
spectively. The levels of TNF-a, IL-13, and 1L-6 in group PR were significantly higher than those in group P and group
R, with a synergistic increase in TNF-a level (P < 0.05). In brain tissue, LPS and TNF-«, IL-1, IL-6 levels in group P
were significantly higher than those in group C; all the above indicators in group PR were significantly higher than
those in group P and group R, and LPS and IL-6 levels showed a synergistic increase (P < 0.05). Oral microbiota analy-
sis found that microwave radiation further reduced microbial diversity on the basis of periodontitis, leading to increased
relative abundances of Lactobacillus and Enterococcus, and decreased relative abundances of Staphylococcus. Correlation
analysis confirmed that these differential bacterial genera were positively correlated with brain inflammation levels and
negatively correlated with cognitive function indicators. Conclusion Microwave radiation exposure can exacerbate cog-
nitive impairment in mice with experimental periodontitis, and its mechanism may be related to aggravated local peri-
odontal damage, disruption of oral microbiota homeostasis, and subsequent induction of systemic and central neuroin-
flammatory cascades.
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a-c: the open field test. a: distance in central; b: time in central; c: entries to the center. d-g: the elevated plus maze test. d: elevated plus maze
tracking plot; the trajectory map of the PR group shows that the distance mice traveled in the open arms was significantly shortened; e: percentage
of distance in the open arms; f: percentage of time in the open arms; g: percentage of open arm entries. h&i: the Y maze test. h: Y-maze trajectory
map; in the trajectory map of the PR group, the lines representing the mice s entries into arm B are thinner, indicating a significant reduction in
the number of entries; i: spontaneous alternation rate (%). j: the novel object recognition test, discrimination index (%); *P < 0.05, **P < 0.01,
##%P < 0.001, ns: no statistical significance, n = 10-12. C group: control group, no treatment; P group: ligation modeling only; R group: microwave
radiation exposure only; PR group: ligation modeling and microwave radiation exposure
Figure 1  Effects of microwave radiation on anxiety-like behavior and cognitive function of mice with periodontitis
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a: HE staining of periodontal tissue; the PR group exhibited more severe periodontal attachment loss and inflammatory cell infiltration; b: three-

dimensional reconstruction results from micro-CT; a significant increase in alveolar bone resorption was evident in the PR group; c: quantitative

analysis of CEJ-ABC distance; d: qPCR detection results of periodontal tissues; *P < 0.05, **P < 0.01, ***P < 0.001, ns: no statistical signifi-

cance, n = 3. CEJ-ABC: cemento-enamel junction to alveolar bone crest. C group: control group, no treatment; P group: ligation modeling only; R

group: microwave radiation exposure only; PR group: ligation modeling and microwave radiation exposure. TNF-a: tumor necrosis factor-alpha; IL-

1: interleukin-1; IL-6: interleukin-6

Figure 2 Effects of microwave radiation on periodontal tissues of mice with periodontitis
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a: LPS content in serum; b: inflammatory cytokine content in serum; c: HE staining of brain tissue; neurons in the cornu ammonis (CA) 1 and CA3

regions of the PR group were loosely arranged with pyknotic cell bodies (red boxes); d: LPS content in the brain; e: inflammatory cytokine content

in the brain; *P < 0.05, **P < 0.01, ***P < 0.001; ns: no statistical significance, n = 6. LPS: lipopolysaccharide; TNF-a: tumor necrosis factor-a;

IL-1PB: interleukin-1; IL-6: interleukin-6. C group: control group, no treatment; P group: ligation modeling only; R group: microwave radiation ex-

posure only; PR group: ligation modeling and microwave radiation exposure

Figure 3 Effects of microwave radiation on levels of LPS and inflammatory cytokines in the serum and brain tissues of mice with
periodontitis
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Table 3 Results of factorial analysis of LPS and inflammatory factor levels in serum

Serum LPS Serum TNF-a Serum IL-13 Serum IL-6
Factor
F P F P F P F P
R 0.64 0.430 19.53 0.003 4.184 0.054 8.421 0.009
p 12.82 0.002 42.66 <0.001 16.30 <0.001 16.95 <0.001
PxR <0.001 0.980 4.929 0.038 1.615 0.218 2.756 0.113

P group: ligation modeling only; R group: microwave radiation exposure only; PXR: interaction between periodontitis group and microwave radiation

group. LPS: lipopolysaccharide; TNF-a: tumor necrosis factor-ai; IL-13: interleukin-1f; IL-6: interleukin-6
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Table 4 Results of factorial analysis of LPS and inflammatory factor levels in brain tissues

Brain LPS Brain TNF-« Brain IL-1B Brain 1L-6
Factor
F P ¥ P F P F P
R 18.21 <0.001 4.882 0.039 7.032 0.015 27.71 <0.001
P 47.93 <0.001 21.61 <0.001 21.83 <0.001 37.47 <0.001
PxR 11.74 0.003 1.55 0.228 0.157 0.696 8.027 0.01

P group: ligation modeling only; R group: microwave radiation exposure only; PXR: interaction between periodontitis group and microwave radiation

group. LPS: lipopolysaccharide; TNF-ac: tumor necrosis factor-ai; IL-13: interleukin-18; IL-6: interleukin-6
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a: alpha diversity analysis (Chaol index); b: alpha diversity analysis (Shannon index); c: beta diversity analysis (PCoA plot); the samples from the P
and PR groups were tightly clustered; d: beta diversity analysis (NMDS plot); the samples from the P and PR groups were tightly clustered; *P <
0.05, **P < 0.01, ***P < 0.001; ns: no statistical significance. n=9-12. ASV: amplicon sequence variant; PcoA: principal coordinate analysis;
NMDS: non-metric multidimensional scaling. C group: control group, no treatment; P group: ligation modeling only; R group: microwave radiation
exposure only; PR group: ligation modeling and microwave radiation exposure

Figure 4 Effects of microwave exposure on the oral microbiota diversity of mice with periodontitis

4 Tl SRS A T 98 /0 B R R 2 A )R

2.5.2  TCIHE B 6 A JE A /N BT R REE AR VR A5 FREEE R, C.P.R.PR UH 55 & FH 606,159 .
Y52 M) BRI B S 6T 2 ) R /N BRI M R R A 383 M 172 1A ASVs, Hip P45 PRI 407
IR s WA 5. A REAR LGRS 1 570 1 ASVs. ASVs, $2/R B HA oL FE M OWERE. 1K



OB & s B g

2026 E6 A #3455 Fod

* 550 + Journal of Prevention and Treatment for Stomatological Diseases, Jun. 2026,Vol.34 No.6 https://www.kqjbfz.com

b A2 ) O TR R DUE BE R 1) AR IR I
WINE 7 TRPSESS IR (EBEN DO Y e bl G S
CZHAHL , P4 R 40 & PR 4 4 0] UL JEERE 3 177 L 49
TR AR TE BT R R o PR 41728 4k A
o JBAKE i — R TR HE S5 R R T e

BRG 8 O 32 5 P2 e 78 g ARUBSCRT B e 48 5L
Fris e s IR -SSR R o 5 T PR A1
B e 2 A 2 A X O Y L AT R TR S G A
B E R TRUBAT T B2 P2 R R A
e Ff O BT 3050 e = B ) R A FR T - R ER s A

AR, CH K RAYILIEE SRR AW 4

2

BRIE & -

=}
1

o
0
1

o
(=)}
1

o
'S
1

e
[y}
1

S
=}

Bacillota

== Pseudomonadota
Actinomycetota

. == Bacteroidota

Cyanobacteriota
Actdobacteriota
Deinococcota
p__unclassified_k_norank_d_Bacteria
Chloroflexota

wm Gemmatimonadota

mm Myxococcota

= olhers

Relative abundance on Phylum level

mm Streptococcus

Acinetobacter
Enterococcus
Aquabacterium

Pseudomonas

Proteus

N I
0.49
. Roseateles

0.21 Sphingomonas

others

Relative abundance on Genus level

0.0 T T T T
C P R PR

— Ligilactobacillus

Staphylococcus
| = mm Bifidobacterium
Escherichia—Shigella

Corynebacterium
wm Methylobacterium
wm Mammaliicoccus

Burkholderia—Caballeronia—Paraburkholderia

ortobacteriaceae_UCG—-002
Brevundimonas

a: Venn diagram; b: composition of oral microbiota at the phylum level; ¢: composition of oral microbiota at the genus level; n = 9-12. C group: con-

trol group, no treatment; P group: ligation modeling only; R group: microwave radiation exposure only; PR group: ligation modeling and microwave

radiation exposure

Figure 5 Effect of microwave radiation on the oral microbiota community structure of mice with periodontitis

B S5 Dl 4 S 0s S JR 8 /0N B I s T R A v 45 4 B9 2 i)

2.5.3 PRI S X o 98 /0N BT R A 2 S5 0 b
(R RE I Bl S5 X 28 J) 5 /0N BRI T o 2 S )

P2 WL 6., LEfSe 73 Hr 45 5 W , C 4L bR &
Yy Rh ok 25 AT B A9 - FLAT A H - B K T B - BE KR
J& RTE ] -y -2 8 T A0 -0 5 G H -\ B L
WAL, PHEA 25 WA RN y-A2 0 3 N -
FEo B - AT B35 A IR -GS P R . RAH
A 22 5 AL Fh Ay 28 AT TR 2K - 7 2 K o H -7
2 3K TR B - 25 K AR L 2 FRAT TR 4K - i A K A H -
A 7 BR AR - 2L Sl A Bk TR S I TR N - 3 AT TR
H-BR AP AR R AT RS . PRAEAZRI
Py Ry JEBEDE ] - 2F AR AT R A9 - FLAT A H -FLIR AT

PR Bk - ZLAF B8 T L RE B T - 2F FLAT B A9 -FLAT B H -
IR R R 8 (LDA 1543>4.0, P<0.05)

A i L, T CHES R, PAHE PR
W H IR ERFEE A KT R WS, R NI
T IQ TR - B G i A EREA J8  SUEE T 18 S A FL AT
R S 1 B AR PE 3 £ (35 P<0.05) , 17 7 % 2K 1A
J& 5 A ST A5 D 0 e 2R R T g 5 e D
(¥7P<0.05) . H PRAFLFTHE WA FE & TP
20 (P<0.001 ) , [7] Bt BB FT B8 Ja 114 AF % =F B2 BE AR (P
<0.01) , #E/RTERL IR T 5 4 A R AL FEH T, 1
JE TR W REE AN AR A T B0 Ak, B BT
WIS EN 5SS EE,



ORREFRE 2026568 H$34% Hoif

Journal of Prevention and Treatment for Stomatological Diseases, Jun. 2026,Vol.34 No.6 https://www.kgjbfz.com - 551 -

e f_Streé)lacocmceae - C
_Streptococcus -

p_Pseudomonadota 4 .

o_Pseudomonadales = R

f_Moraxellaceae B PR

c_Gammaproteobacteria -
o_Burkholderiales

c A l[}—ﬁapmteobu(:term -
J_Comamonadaceae

o_Enterobacterales
g_Escherichia—Shigella
f_Enterobacteriaceae
p_Actinomycetota
c_Actinobacteria

0 Slaé)/l lococcales -
[_Staphylococcaceae
g_Staphylococcus -
o_Mycobacteriales
%Cory'rzebac(erzum, -
f_Corynebacteriaceae -
g_Mammaliicoccus ]
o_Lactobacillales
g_Ligilactobacillus
J—Lactobacillaceae
p_Christensenella
p_Bacilota
c_Bacilli
Eg_Enlcmcoccu.\'
J[_Enterococcaceae

0 2 4 6
LDA score
ok
o I ) . O T
0.20 . U 0.4 ns 0.6+
© ns © ns , —
= 0.154 — = 0.3 — ; 0.4
< < =
= 0.104 £ 0.2+ g
e £ £ 021
S 0.054 s 014 S
Z 5 2 0.04—
Z0.001+— Z 0.0 I
o
~= e ~=
-0.05 T T T T -0.1 T T T T -0.2 T T T T
C P R PR C P R PR ¢C P R PR
g_Enterococcus g_Escherichia—Shigella g_Bifidobacterium
o 0 o ns
sksksk ns
— sskosk
sk ns A —
0.8 i o 0.39 — 0.57 ok sokk
sskosk seskosk
© =] ns o e -
% 0.6 : 0 % 0.4
T 047 - e T 03
g £ 2
= sl ’% S 0.2
2 " II £ 014 2 011
E ] | T
i"j 0.0 E g 00— ah
-0.2 T T T T 0.0 | T T -0.1 T T T T
C P R PR ¢ P R PR C P R PR
g_Ligilactobacillus g_Acinetobacter g_Staphylococcus

a: LEfSe analysis plot; b: relative abundance of Enterococcus; c: relative abundance of Escherichia-Shigella; d: relative abundance of Bifidobacte-
rium; e: relative abundance of Ligilactobacillus; f: relative abundance of Acinetobacter; g: relative abundance of Staphylococcus; *P < 0.05, ** P <
0.01, ***P < 0.001, ns: no statistical significance, n = 9-12; LDA score: linear discriminant analysis score. LEfSe: linear discriminant analysis ef-
fect size. C group: control group, no treatment; P group: ligation modeling only; R group: microwave radiation exposure only; PR group: ligation
modeling and microwave radiation exposure

Figure 6 Effect of microwave radiation on differential oral microbial species of mice with periodontitis
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and host phenotypic parameters
7 RS A E R AR AL
P ey

ki 20 2R 48 e PR F- oK T s DDA G o 28 B A BiE
FEPEIN  TEBEARAE T, PRBE Gk 8 59 TT 6EaE 1
T TR SR L BK Bl R e R AR RE I T g 41 21
RAE X — F B 10955 B ER T, DT 2 T80 R 6T i 41
e SR VY YO
3.1 BROE %85t A s BT R KRR Kk e T AR AR 45

A FEUE S, T B 5 AR B W15 S /N RO AR
FEEFEAT TP 2 2 il e )y, X 5 BEAE A
S I8 %) OIS R SR XoF v AR B 28 R 0 1 AR PRS00 A
FFHSTL AN YO AR SHE T AR R R
VAN 5= =0 ) NS TR s = O 7 TS IV T N
X — R BF P ) B DR 2R PR B R A OO g
FRMLAR SRS Y™ Jie 2 08 Pk RAE 7 3K — 51 A 3 3 H
i 55 00 S AE AR A, B8 7 A A 1 i 92 5 £ AT R F
A1k T 358 JAUSE BRF AN ] Z 40 0 S S PR R 00 3O il
TEAH[R) PR 55 2 68 T, AS () ft BREIR 28 A A4 25 Bt
BEZEFMMAE RGN R T SRR X
P10 1 B 28 A W 2 Sk T BE P05 TR R X
b T 5 E IR 2 Y I R R Y 1 — 20 IR Xt
7N JE JO A4 0 53 D G 5 LA R X % fl T 98 1)
T3 X B R S R R A S 4 T R kAT
WARR .
3.2 BRIEF5 5F A ) O ) By BT R Bt A2

A I B AT A JR HB 4 22 THIE SE SO AR
FE 0 25 R S g VR T R e Bk e . 5 P A AH



ORREFRE 2026568 H$34% Hoif

Journal of Prevention and Treatment for Stomatological Diseases, Jun. 2026,Vol.34 No.6 https://www.kqjbfz.com  + 553 -

Lt , PR 417N BRUAY o i 20 20 3% 300 13 o ™ S 1Y) 480 2
JL 32 31 5 A AR IR | OF R W SO R 2
hn, JR AR & 7 (TNF-« IL-1B . 1L-6) iy mRNA 3
KK 3 FE L ax sl B I SO R O A
JIH V1A 2 R AN R AE AR HEVE R . A A
5% R BRI 8 SR AR R — Tl BN, ASART 5 &
AR K P 48 07 98, AR FRAL0 JR FT RE 42 5 e 20
IR s TSR SR s A i S A
At PR, Belcind 6 S T R S A o) 44 463 493 Fn
HEVREIR , IF WO AR AE AR OG5 538 i, TN 8
JEI e B AR o A, IR 2 R R R E S
IR, T RE N EE T 2 J) i A A O L £ T 1R A0
J LPS &5 1 4 Bk By 6, TR J 2 R el %
i A T e AL T A A g B R A 20T
33 AL4MEELERAS KEMRILHLK

AW ST SO R S N T R 5N R
W 4 RE V=V Ol R RO R SR AR A8 TR P 3R GA L
AR R TR v O R R L AR L R
RLH AUy — 20 W IR, FT R AR F T A T A
RGP IEHR RGN TR . FERGEZM, PRYA
/N B P 8 TNF-o IL-18 L IL-6 /K F-AH#: T P 4H
i ThE, BERH R R A AR AE A TR T RE B K B
AT, 51 k2 SRR . FERIHLHI A L
b5 B A% 1F TR IR AT HRGE 51 U0 g G w A A T aE
Tk 38 T gy 3 A AR 1 S8 PR AL, 2R TS
RGN SAE TR W A RGN RE Y BBAk,
i B 5 A BT A B AR UL B A B v R
iE T 5 1l 9 48 RE IR T KOS S OE A OG , i — 2
FEOME R AE S AR s AR b 2Z (Rl ) B B R

TE AKX JZ T, PR 41/ BRUIG 20 21 LPS 5 1L-6
K 2 B[R] v R GO R O S R R
e [] 2 6 0w TG Y B AR R IR B . B BE Y R
A 20 ) LPS W] 1 A oA A 28 3R G 1 BT /NI
Jo 40 Jf i) TLR4 A2 R0, 3 1 fik & T~ i NF-kB.
STAT3 %5 % E {5 53 B, 0 H5 252 0 /0N i 5t 240 i
T Ak S LR T 98 RE IR (A TL-18 \TNF-ou ) 1T 43
TR0 S R ATIfE , S 2 Fh O\ HBE A 0 Y 2L
) B SE At 2 VAR A 9% A B HE UL /) G S5
20 M T AR S (BN N LPS 5 IL-6 FY B[R] T i 5
AT RE S 5 0 #h 28 G E BE HIL R A — 2. KRR
% A 3 2 4G /N JE T 200 L/ L D G S5 AN B S 1 A
AW i I e R SR A S E B R ], i —
0 B AR G0 R0 S A 2 ) AR ST B i v K B 5
) BRGNS 4y AL

34 VPERAAF EZEAMBAELZAKXEN XM
78]

AW FE 0 55— A K R BAE T, AR S
oF J& g e [V R AT S 2 ol AR 0 R AR A 5 4l
B, ARG R B — 8 A R 8l . AR,
RO R 1R A RS B B R R AR X —
PR A BT BB R TS0 10 B A AL . O ) 42 4
FLAR B SE B T 2B S R R A, B T
FoUE B S BB 5 B it I %) S8 S Sl R AT
w77, P I AT EA R T A2 M B0
TERERY R . X 5 S0ME N BT 5 OB B B R K
KNP T B FAHAE . o 5 B ZHEM AT
] e WY, A iple 4 SR A ) AR T BT A O ] 1Y R
filh b AR Y S S A AR B
TREEH . X455 Z R SRS T E
YIBETE R e RS2 00 2 AR T R IR R A A — B
AW FE i — 4R, A T RAE W16 N E IR
FIRE o A A B RRRE |, 7E T 5 S 3k — W) BN BT
BEHOR T 3O W REVE (VK T [ B iR g 4
O F R — AL AU R RS (P=0.001) o LEfSe 43
Fr5@m R e s, METCHRA, PHS PRA
1 TR B 52 00+ DM %) 2 25 67 O s . A A R
VB 5 N ST TR A TR R AR R S B 2 R AR
PR TR JE A TC TR -7 28 [C TR R LA 1 s A5 1 s
AET = B 2 A . RRNME AR A& PRAL
FLAT T A X B R R T P A TS R e
FEH) B R, X — A SR B R H N T E
T R A I B AR TR R e D TR B b A
R T S8 RAE M N EE SR, D HEBEA
A TR REIRYER SR E A L AN AR Y
PRRE LS I [R] s AR TR 7R I IS 1, AR 3] T
PR ) S0 3 Ak (B R R 4 FL Bl A AR o
ok T B Z2 A ) A5 38 B DA A 3 R AR £k Y
2evE S5Er.

TXFh R T T RE AL, AR A SGE
518 ERABASCHE s D — 2P . 2L
W B BR A JE S SR BT 0 AR, 5O R R
W R G B bR B 28 R TK T T L DL SR
TR THEAERECHK., CHR A
B, 2 A & AH 5 1 B A S R R Ao i R A R R
KT IR X i 2 P 1) K R R R T [
B0 8 S A A — e 4 B K, L AE S AT R T A
Az Wy 0 A AR AR AL AT B el A2 A A A5 SR
B, HESEME ARSI RE AL, Xl



OB & s B g

2026 E6 A #3455 Fod

* 554 + Journal of Prevention and Treatment for Stomatological Diseases, Jun. 2026,Vol.34 No.6 https://www.kqjbfz.com

PR, BT 2 548 1 A It R 28 5 19 IR 2 A
PE R SE T R B RESS A, P RE H 5 SR 0 42
RV 22 R D REAH 1

PG, AT A SR 7, I TR e A BR 58 1
SRR A AR T REAL TROD AL E . B
R 555 58 A ¢ty 3L TR A P e AR B A 11 s e A
AN ZRERTRE A, AR A B — A KA A
KA BRI TER AL o X — T R R AR A5 M Y O 9 T
AR B A B R 9IRSz AR AL, BT BRI 1 1 JR AR
AR 5 15 21 2 R AE Sz A RV D) RE T R 1 O B o [ A
b3k 5 HABWT TN N 1 AR W AR S R G
B e B2 R N o M i A S R R AT L E A
T 5 i TR P 2 2R G RRE R U — B )
CRIRHE— AR I, P A Sl BeaE - -
Z: 5N IR DB 1 5 B AR ARG HESL R
AW TR R 7 X — R R WAL, K
BUFCE IF J 98 I ) B8 3 1 — o i 4 184 1% 10 P o
LEH, FLZ S5 H) 5 R GEPE SO KO 2 ZURAE TH i |
IHITIRE T W32 2 B A DG

ABETE S 7 T R R 55 2 R 98 )ik 4 2
P IR0V T L 5 L B 10 S TR A T R A i A
(4 S B A, 75 S FECR i 4 4R AE TP R A5 AR
Mo E— K BANGRTE T AEAS PN ¥ 5 T B8
DA P S5 FEL T O et B AU 1) A O O B
- Bl AR RS P 2 LA TR A HIL 4 3t
TR RS

[ Author contributions] Zhou HJ was responsible for experimental

design and implementation, data curation, manuscript writing and revi-
sion. Wang JH , Liu L were responsible for experimental implementa-
tion, statistical analysis. Li HB was responsible for experimental design
guidance and manuscript review. All authors read and approved the

final manuscript as submitted.

52 3k

[1]  Yamaguchi S, Murakami T, Satoh M, et al. Associations of dental
health with the progression of hippocampal atrophy in community-
dwelling individuals: the ohasama study[J]. Neurology, 2023, 101
(10): €1056-e1068. doi: 10.1212/WN1..0000000000207579.

[2]  Armitage GC. Periodontal diagnoses and classification of periodon-
tal diseases|J]. Periodontol 2000, 2004, 34: 9-21. doi: 10.1046/
j.0906-6713.2002.003421 .x.

[3] Villoria GEM, Fischer RG, Tinoco EMB, et al. Periodontal dis-
ease: a systemic condition[J]. Periodontol 2000, 2024, 96(1): 7-19.
doi: 10.1111/prd.12616.

[4]  Fu YD, Li CL, Hu CL, et al. Meta analysis of the correlation be-
tween periodontal health and cognitive impairment in the older

population[J]. J Prev Alzheimers Dis, 2024, 11(5): 1307-1315. doi:

[10]

[12]

[13]

[14]

[15]

[16]

10.14283/jpad.2024.87.
Mao S, Huang CP, Lan H, et al. Association of periodontitis and
oral microbiomes with Alzheimer’s disease: a narrative systematic

review[J]. J Dent Sci, 2022, 17(4): 1762-1779. doi: 10.1016/;.

jds.2022.07.001.

Hardell. L, Nilsson. M. Case report: the microwave syndrome after
installation of 5G emphasizes the need for protection from radiofre-
quency radiation[J]. Ann Case Rep, 2023, 8(1): 1112. doi:
10.29011/2574-7754.101112.

Wang H, Liu Y, Sun Y, et al. Changes in cognitive function, synap-
tic structure and protein expression after long-term exposure to
2.856 and 9.375 GHz microwaves[J]. Cell Commun Signal, 2023,
21(1): 34. doi: 10.1186/512964-022-01011-1.

Pophof B, Kuhne J, Schmid G, et al. The effect of exposure to ra-
diofrequency electromagnetic fields on cognitive performance in
human experimental studies: systematic review and meta-analyses
[JI. Environ Int, 2024, 191: 108899. doi: 10.1016/j. en-
vint.2024.108899.

El-Kafoury BMA, Abdel-Hady EA, El Bakly W, et al. Lipoic acid
inhibits cognitive impairment induced by multiple cell phones in
young male rats: role of Sirt] and Atg7 pathway[J]. Sci Rep, 2023,
13(1): 18486. doi: 10.1038/541598-023-44134-2.

Honda K, Littman DR. The microbiota in adaptive immune homeo-
stasis and disease[J]. Nature, 2016, 535(7610): 75-84. doi:
10.1038/nature18848.

Banerjee S, Singh NN, Sreedhar G, et al. Analysis of the genotoxic
effects of mobile phone radiation using buccal micronucleus assay:
a comparative evaluation[J]. J Clin Diagn Res, 2016, 10(3): ZC82-
7,.C85. doi: 10.7860/JCDR/2016/17592.7505.

Zhou GQ, Wang X, Gao P, et al. Intestinal microbiota via NLRP3
inflammasome dependent neuronal pyroptosis mediates anxiety-
like behaviour in mice exposed to 3.5 GHz radiofrequency radia-
tion[J]. Sci Total Environ, 2024, 927: 172391. doi: 10.1016/j.scito-
tenv.2024.172391.

Melnick RL, Moskowitz JM, Héroux P, et al. The WHO-commis-
sioned systematic reviews on health effects of radiofrequency ra-
diation provide no assurance of safety[J]. Environ Health, 2025, 24
(1): 70. doi: 10.1186/512940-025-01220-4.

Zheng R, Zhang X, Gao Y, et al. Biological effects of exposure to
2650 MHz electromagnetic radiation on the behavior, learning,
and memory of mice[J]. Brain Behav, 2023, 13(6): ¢3004. doi:
10.1002/brb3.3004.

Bosch-Capblanch X, Esu E, Dongus S, et al. The effects of radio-
frequency electromagnetic fields exposure on human self-reported
symptoms: a protocol for a systematic review of human experimen-
tal studies|J]. Environ Int, 2022, 158: 106953. doi: 10.1016/j.en-
vint.2021.106953.

Yoo SE, Chong PK, Kim D, et al. Guaranteeing real-time services
for industrial wireless sensor networks with IEEE 802.15.4[J].
IEEE Trans Ind Electron, 2010, 57(11): 3868-3876. doi: 10.1109/
TIE.2010.2040630.

Faroqi A, Ramdhani MA, Andika DD, et al. Design of 2.75-2.85

GHz frequency microstrip band pass filter with square open-loop


http://dx.doi.org/10.1212/WNL.0000000000207579
http://dx.doi.org/10.1046/j.0906-6713.2002.003421.x
http://dx.doi.org/10.1046/j.0906-6713.2002.003421.x
http://dx.doi.org/10.1111/prd.12616
http://dx.doi.org/10.14283/jpad.2024.87
http://dx.doi.org/10.1016/j.jds.2022.07.001
http://dx.doi.org/10.1016/j.jds.2022.07.001
http://dx.doi.org/10.29011/2574-7754.101112
http://dx.doi.org/10.29011/2574-7754.101112
http://dx.doi.org/10.1186/s12964-022-01011-1
http://dx.doi.org/10.1016/j.envint.2024.108899
http://dx.doi.org/10.1016/j.envint.2024.108899
http://dx.doi.org/10.1038/s41598-023-44134-2
http://dx.doi.org/10.1038/nature18848
http://dx.doi.org/10.1038/nature18848
http://dx.doi.org/10.7860/JCDR/2016/17592.7505
http://dx.doi.org/10.1016/j.scitotenv.2024.172391
http://dx.doi.org/10.1016/j.scitotenv.2024.172391
http://dx.doi.org/10.1186/s12940-025-01220-4
http://dx.doi.org/10.1002/brb3.3004
http://dx.doi.org/10.1002/brb3.3004
http://dx.doi.org/10.1016/j.envint.2021.106953
http://dx.doi.org/10.1016/j.envint.2021.106953
http://dx.doi.org/10.1109/TIE.2010.2040630
http://dx.doi.org/10.1109/TIE.2010.2040630

OB & s B g

2026 E6 A #3455 Fod

Journal of Prevention and Treatment for Stomatological Diseases, Jun. 2026,Vol.34 No.6 https://www.kgjbfz.com - 555 -

(18]

[20]

[21]

[22]

[23]

[24]

[26]

[27]

(28]

(30]

resonator in radar method[J]. Int ] Eng & Technol, 2018, 7(2): 711-
715. doi: 10.14419/ijet.v7i2.29.14003.

Li Y, Deng P, Chen C, et al. 1, 800 MHz radiofrequency electro-
magnetic irradiation impairs neurite outgrowth with a decrease in
Rapl-GTP in primary mouse hippocampal neurons and Neuro2a
cells[J]. Front Public Health, 2021, 9: 771508. doi: 10.3389/
fpubh.2021.771508.

Sun B, Xue T, Gao AN, et al. The CB1R of mPFC is involved in
anxiety-like behavior induced by 0.8/2.65 GHz dual-frequency
electromagnetic radiation[J]. Front Mol Neurosci, 2025, 18:
1534324. doi: 10.3389/fnmol.2025.1534324.

Ji W, Li L, Cheng Y, et al. Air pollution, lifestyle, and cardiovascu-
lar disease risk in northwestern China: a cohort study of over 5.8
million participants[J]. Environ Int, 2025, 199: 109459. doi:
10.1016/j.envint.2025.109459.

Ma J, Zhang J, Zhang Y, et al. Causal effects of noise and air pollu-
tion on multiple diseases highlight the dual role of inflammatory
factors in ambient exposures[J]. Sci Total Environ, 2024, 951:
175743. doi: 10.1016/j.scitotenv.2024.175743.

Chen L, Zhang J, Fei X, et al. Hypobaric hypoxia aggravates neuro-
inflammation in ligature-induced periodontitis mice via the STAT3
signaling pathway[J]. Front Immunol, 2025, 16: 1600035. doi:
10.3389/fimmu.2025.1600035.

Haidar J, Nabos P, Orlacchio R, et al. Impact of in vitro exposure
to 5G-modulated 3.5 GHz fields on oxidative stress and DNA re-
pair in skin cells[J]. Sci Rep, 2025, 15(1): 31214. doi: 10.1038/
$41598-025-15090-w.

Lai H, Levitt BB. Cellular and molecular effects of non-ionizing
electromagnetic fields[J]. Rev Environ Health, 2023, 39(3): 519-
529. doi: 10.1515/reveh-2023-0023.

Singh Solorzano C, De Cillis F, Mombelli E, et al. From gums to
moods: exploring the impact of the oral microbiota on depression
[JI. Brain Behav Immun Health, 2025, 48: 101057. doi: 10.1016/].
bbih.2025.101057.

Gao C, Li X, Zhao X, et al. Standardized studies of the oral micro-
biome: from technology-driven to hypothesis-driven[J]. Imeta,
2022, 1(2): e19. doi: 10.1002/imt2.19.

Yang J, Liang J, Hu N, et al. The gut microbiota modulates neuro-
inflammation in Alzheimer’ s disease: elucidating crucial factors
and mechanistic underpinnings[J]. CNS Neurosci Ther, 2024, 30
(10): €70091. doi: 10.1111/e¢ns.70091.

Di Vincenzo F, Del Gaudio A, Petito V, et al. Gut microbiota, in-
testinal permeability, and systemic inflammation: a narrative re-
view[J]. Intern Emerg Med, 2024, 19(2): 275-293. doi: 10.1007/
s11739-023-03374-w.

Graf C, Raman B, Manktelow A, et al. Brainstem neurochemical
profiles after hospitalisation for COVID-19: a 7T MR spectroscopy
study[J]. Front Neurosci, 2025, 19: 1617709. doi: 10.3389/
fnins.2025.1617709.

Li F, Ma C, Lei S, et al. Gingipains may be one of the key viru-
lence factors of Porphyromonas gingivalis to impair cognition and
enhance blood-brain barrier permeability: an animal study[J]. J

Clin Periodontol, 2024, 51(7): 818-839. doi: 10.1111/jcpe.13966.

[31]

[32]

[35]

[36]

[37]

[39]

[41]

Hu Y, Zhang X, Zhang J, et al. Activated STAT3 signaling path-
way by ligature-induced periodontitis could contribute to neuroin-
flammation and cognitive impairment in rats[J]. J Neuroinflamma-
tion, 2021, 18(1): 80. doi: 10.1186/512974-021-02071-9.
Magni G, Riboldi B, Ceruti S. Modulation of glial cell functions by
the gut-brain axis: a role in neurodegenerative disorders and pain
transmission[J]. Cells, 2023, 12(12): 1612. doi: 10.3390/
cells12121612.
Li R, Wang J, Xiong W, et al. The oral-brain axis: can periodontal
pathogens trigger the onset and progression of Alzheimer’s dis-
ease? [J]. Front Microbiol, 2024, 15: 1358179. doi: 10.3389/
fmich.2024.1358179.
Yuan S, Yang J, Jian Y, et al. Treadmill exercise modulates intesti-
nal microbes and suppresses LPS displacement to alleviate neuro-
inflammation in the brains of APP/PS1 mice[J]. Nutrients, 2022,
14(19): 4134. doi: 10.3390/nu14194134.
Kelly LS, Apple CG, Gharaibeh R, et al. Stress-related changes in
the gut microbiome after traumalJ]. J Trauma Acute Care Surg,
2021, 91(1): 192-199. doi: 10.1097/TA.0000000000003209.
Dai H, Luo S, Zhang X. Flavonoids from ficus pandurate var. an-
gustifolia W. C. Cheng restore cognitive impairment and regulate
the gut microbiota in sleep-deprived mice[J]. Foods, 2025, 14(16):
2888. doi: 10.3390/foods14162888.
Qian X, Lin X, Hu W, et al. Intestinal homeostasis disrupted by
periodontitis exacerbates Alzheimer’ s disease in APP/PS1 mice
[JI. J Neuroinflammation, 2024, 21(1): 263. doi: 10.1186/512974-
024-03256-8.
Qiu C, Zhou W, Shen H, et al. Profiles of subgingival microbiomes
and gingival crevicular metabolic signatures in patients with amnes-
tic mild cognitive impairment and Alzheimer’s disease[J]. Alzheim-
ers Res Ther, 2024, 16(1): 41. doi: 10.1186/s13195-024-01402-1.
Wang X, Zhou G, Lin ], et al. Effects of 4.9 GHz radiofrequency
field exposure on brain metabolomic and proteomic characteriza-
tion in mice[J]. Biology (Basel), 2024, 13(10): 806. doi: 10.3390/
biology 13100806.
Chalmers JC, Hernandez-Kapila YL. The role of the oral microbi-
ome, host response, and periodontal disease treatment in Al-
zheimer’ s disease: a primer[J]. Periodontol 2000, 2025, 98(1):
220-227. doi: 10.1111/prd.12631.
Adil NA, Omo-Erigbe C, Yadav H, et al. The oral-gut microbiome-
brain axis in cognition[J]. Microorganisms, 2025, 13(4): 814. doi:
10.3390/microorganisms 13040814.

(448 )

Open Access

This article is licensed under a Creative Commons
Attribution 4.0 International License.
Copyright © 2026 by Editorial Department of Journal of

Prevention and Treatment for Stomatological Diseases

Egm

Gk


http://dx.doi.org/10.14419/ijet.v7i2.29.14003
http://dx.doi.org/10.3389/fpubh.2021.771508
http://dx.doi.org/10.3389/fpubh.2021.771508
http://dx.doi.org/10.3389/fnmol.2025.1534324
http://dx.doi.org/10.1016/j.envint.2025.109459
http://dx.doi.org/10.1016/j.envint.2025.109459
http://dx.doi.org/10.1016/j.scitotenv.2024.175743
http://dx.doi.org/10.3389/fimmu.2025.1600035
http://dx.doi.org/10.3389/fimmu.2025.1600035
http://dx.doi.org/10.1038/s41598-025-15090-w
http://dx.doi.org/10.1038/s41598-025-15090-w
http://dx.doi.org/10.1515/reveh-2023-0023
http://dx.doi.org/10.1016/j.bbih.2025.101057
http://dx.doi.org/10.1016/j.bbih.2025.101057
http://dx.doi.org/10.1002/imt2.19
http://dx.doi.org/10.1111/cns.70091
http://dx.doi.org/10.1007/s11739-023-03374-w
http://dx.doi.org/10.1007/s11739-023-03374-w
http://dx.doi.org/10.3389/fnins.2025.1617709
http://dx.doi.org/10.3389/fnins.2025.1617709
http://dx.doi.org/10.1111/jcpe.13966
http://dx.doi.org/10.1186/s12974-021-02071-9
http://dx.doi.org/10.3390/cells12121612
http://dx.doi.org/10.3390/cells12121612
http://dx.doi.org/10.3389/fmicb.2024.1358179
http://dx.doi.org/10.3389/fmicb.2024.1358179
http://dx.doi.org/10.3390/nu14194134
http://dx.doi.org/10.1097/TA.0000000000003209
http://dx.doi.org/10.3390/foods14162888
http://dx.doi.org/10.1186/s12974-024-03256-8
http://dx.doi.org/10.1186/s12974-024-03256-8
http://dx.doi.org/10.1186/s13195-024-01402-1
http://dx.doi.org/10.3390/biology13100806
http://dx.doi.org/10.3390/biology13100806
http://dx.doi.org/10.1111/prd.12631
http://dx.doi.org/10.3390/microorganisms13040814
http://dx.doi.org/10.3390/microorganisms13040814

