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Abstract Objective To investigate the relationship between periodontitis severity and brain
functional indices-amplitude of low-frequency fluctuations (ALFF) and fractional ALFF (fALFF)
in cognitively normal middle-aged and older adults, and to examine their associations with
cognitive performance. Methods 42 cognitively normal middle-aged and older participants were
enrolled. Periodontal data—including the number of remaining teeth (NTP), bleeding on probing
positivity rate (BOP%), probing depth (PD), and clinical attachment loss (CAL) as well as
resting-state functional magnetic resonance imaging data were collected. Participants were divided
into a mild periodontitis group and a moderate-to-severe periodontitis group according to
periodontitis severity. Group differences in ALFF and fALFF were compared, and correlation
analyses were performed. Results  Compared with the mild periodontitis group, the
moderate-to-severe group showed decreased ALFF values in the right lingual gyrus, superior
occipital gyrus, paracentral lobule, and in the left calcarine cortex as well as the precentral and
postcentral gyri. Decreased fALFF values were observed in the right lingual gyrus, cuneus, and
left calcarine cortex. Indicators related to periodontitis progression [BOP%, PD=4~5mm (%), PD
>6 mm (%), CAL=3~4 mm (%) and CAL>5 mm (%)] were negatively correlated with ALFF,
fALFF and cognitive performance, whereas indicators reflecting better periodontal function
[PD=1~3 mm (%) and CAL=0~2mm (%)] were positively correlated with these measures.
Conclusion In cognitively normal middle-aged and older adults, periodontitis severity is

associated with alterations in brain functional activity and cognitive performance.

Key words periodontitis; brain function; low-frequency fluctuations; fractional low-frequency
fluctuations; magnetic resonance imaging; cognitive function
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JE 48 (018 M S RE A R BR T 1, 8 AT LA 3o I YA 30 #0428 B A 3R 15 51 2 4 B S0 U
S 54 5V R AR IE, WRTR RGBT (Alzheimer's disease, AD) « FEIRIZEE. Hff
FER T i 92 B T RE T B R T, 5 AD R AR AE 35 Kk F A R BUW A
T ] U BB A R AN S B M SRS 5 AD RRELERES,
JE AR —FIETVEIT IR, FEXE AD W% BAT B2 . (R 2R R BRI 1 B B
FRHHTFI0, AN OO, 5 RRE RN IE H W BUAT R 67, = SO & K.
ARG (low-frequency fluctuations, ALFF) FI4HUKANHRIE (fractional low-frequency
fluctuations, fALFF) $37] BN X F & P& s8-8, H A% T ALFF #1 fALFF 5
R FAT IR R, ABF 0 B ENRNIE R R 28 AR, LR i, P i B o8 J 4%
MG ALFF Rl fALFF 225, SR &5 I0EL IR (b 18] (1 SR
1 PR i
1.1 BRI R
AHFFILIAL KGN 44 BIAKIIER 23R8, Forb 2 252308 R S8 85000 i A 4
B, REFAREN 42, ZIRE TSN FHNIRUE: LFITF F5>50 &, 25 FHRE

B BARNITEE ] (RSB EIRESESR (mini-mental state examination, MMSE)

73>26; IGFAREISRESR (clinical dementia rating, CDR) 1¥45r=0]. 1243 H K EH. a2

WA HERRARHE I T A H A 200 BORE S 5, Bl S BORORE R 1 Sk A M o
M OIEIPAL 24 h WA B 251: FAEAEOIRE R KRl e B
BT 5238 ok A — B e dikdth, DARORAS AR B AN S0 7 R — ko T 2k e —
i 2 W SEBCE PR KL L 8 B Th Re R SL IR B RAE SN RN Th B VP Al o AW I il 22
BERIKS S — M BER AR S i it (R HEE S . PY2024-09-28) , FFMAE (/R 3
HE) R A 2RSS SR8 T B R, irf 2l B
TR R SR B . F AR A BN PR AY o
1.2 ORARE

F AR BRI R 7% F IR R A5 R B T 5408 (number of teeth
present, NTP) C [ Ji A A6 75 1 L BT Bk BEL A= 145 LA SRR 8 B 50D L #R12 Hh 1L B 14 %6 (bleeding
on probing positive rate, BOP%) CF JEHHRIZIR & H 48 J5 F dR A7 s G 4 0 4 i iRi2
fr BT 2« RIS (probing depth, PD)  CH RIS A T SR B Kl
JRBI# 2% (clinical attachment loss, CAL) (ARl B 5 A 20 F FAS I BEES) o 435I LA



PD=1~3mm. PD=4~5mm. PD>6mm. CAL=0~2mm. CAL=3~4mm UL} CAL>5mm £ s (5
A A RIS AL BN 53 LEVE AL VP 2 i R BE AR o T AT Sk 2R3 LA T A8
WA Wi 9 1622 AR U5 LIRS CAL BirE=2 A th L] Rl ) 4] =i
/50 CAL>3 mm H PD>3 mm. o J& 4™ B A2 AR 4G 2018 4 HH S0 23 90 2K R Gu kAT 4>
. T8 CRESYIF %) « CALI~2 mm. PD<4mm HICF R ECFHE, 11 (hE
F R >: CAL3~4 mm.PD<5mm H 7 i & BUF s A I IV I CE 2 4 48 ) : CAL>5mm.
PD>6mm, £ -1V EEAR SN SORAE . o J R 8 5 B0 o ik s L 4k R M & B BTl
F G AR S, DARCF SR E R (5 AR &k 5 A5 ER) W, T HE T
REBENEE D, Kb B T R A S o R R A9 SR BT M e B o ) J 4
(n=15) SEEF R RHE (n=27) ZIEHAT.
1.3 KPPl

T2 5 HHEZ TN, G4 T IR R AOA R DB I 7 SR sk Sk & B R
(mini-mental status examination, MMSE) , 345 15 51012 (1 Wr 5 1) 15 2% S 136 Cauditory
verbal learning test, AVLT) , LK T-3FAl TAEICIZ SR ThEe 87 BE IS (digital span
test, DST)
1.4 BEILIREH

K F 2 [E GE Discovery 750w 3.0T 54 S fE AR AR R4, 24 (@18 K IEA 2R 8,
PR  H IR ORFHERIRAS, DRIF S AR, JFCLE AR . Mo R =4
T1 ARG N A7 SR 4R, BARZHn R : TR 8.5 ms, TE 3.2 ms, TI 450 ms, FA 12°,
FOV 256 mm x256 mm; #EFF 256x256, /5 1 mm CREMFE) , E%188 )=, A%l [
296 s BRI RE ML LR AAR 0 AL 407K ST A e e o [ - B VOO T 8P T A A%
J¥%1 (gradient-recalled echo-single-shot-echo-planar imaging, GRE-SS-EPD) JE¥R%, ¥
4017 : TR 2000 ms, TE 30 ms, FA 90°, FOV 220 mm x220 mm, #i[f 64x64, 2/ 3 mm (2
RS 1mm) , FE#35 F, K5 185 MWL, ISR 370 s BbAh, IERAEH B T2 In
BB (T2-weighted imaging, T2WD « AR ZE I8 % Pk . (fluid-attenuated inversion recovery,
FLAIR) K&, DAHERRK R a8 Bk -
1.5 BBHCE

Fr BT RERI LR BYE K SPM12 {4 &% DPABI (Data Processing & Analysis of Brain
Imaging, http:/rfmri.org/dpabi) #EATHiALHE . BMALE AR © KX ¥ DICOM K
BHAy NIFTI A% 20 @ ZIBRAT 10 AMRE A @ MEERIE:; @ k3iRiE: %Ikkk3)
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Hd 3 mm B 3 IAE: ©® THEMA A (framewise displacement, FD) : © [FIH%
N, ARRLMEER . BT Friston-24 A HLSIS40. FD>0.5. FR{E 5 LAKIE
BIES: @ ZSlabsdel: Hh RN 3 2R @ THFHE: AR REN
6 mm = HZ AT P . ALFF /2K B 4 0.01~0.08 Hz KAL) fALFF 7 ALFF
PRAEALIOFERR, S2AEA (0.01~0.08 Hz) ThEeil 558N i Bl Dy 5 i (¥ Lb %61, ALFF i
ARATUL SE/K PR 5B A0 R, BT 8Os U T FALFF ARSI 2 5 0B
DhEET L], WTAE— 8 R b PR A B 7 e Ay e M DR B, B v 4l RN ek 53 e
Yo R, AWFBCA R ALFF 5 fALFF #EA740 4T, — 5 T A T4 B AN 78 5 58 BRI,
R 5T, APTE A — B — BB R, AUOA B RS 5 AT
BURHESR AL R R
1.6 GiitSabsE

PTGt s Hrs R A SPSS 26.0 BRAF5EM, FFA IEZS A I8 R MO REA ¢ A5,
FEIEZS /04 A 5 R H Mann-Whitney U A& 56, 431 LA ) 4 18] ELASCR FH R TR S6: . i e 5.
& M ofe WOt 4R M W A MATLAB P 4 L R M SPMI2 B ff
(https://www.fil.ion.ucl.ac.uk/spm/software/spm12/) HEAT 50 AT AL FE o 1 S Ab) 8 — M 2R AR R,
U MR REE TR FD AN SR, WHATE TR RACHRIBSIREA 156 . 45 1R
FRBEKFREIE : 46 BIE BE N P< 0.001, BEJ5 R Hi 1R KL% (false discovery rate, FDR)
TR TR 2 BB GRIE/E P<0.05) , [FII ¥ E#EKFAA R RE J9>10 MAX,
DA AT Gevt 2 X 28 S X

1% HX ALFF 8% fALFF £717E {2 3 41 1) 22 55 1 I XA D IO R X (region of interest, ROD) ,
FAG XL X (1) ALFF Il fALFF {8 516K 4R AR SO FITh REHEATARAR G047, K AR |
Sl VRIS HE IR A AR, DA P<0.05 NZEFA G HE L, RIS T

25 K F Benjamini-Hochber J77£3t47 FDR & 1E .

2 R
2.1 REREANOZEERGW

15 A B oF J 9% 5B R 27 49 v B FE 2 J) 98 SR TN L ARRAE L IR RS AIE A M 2800 BT 2
WA WER 1. PAEFE. 0. Z#ERE. k3. MMSE. AVLT. DST /& NTP KM%
FREFS: {AfE BOP%. PD J CAL I, WAZEFEAGII¥E L, BRI AhEE
R RAH) BOP% S, F 4% PD Bk, CAL B,

5



®1 BREEHEEHAHARANDZE B4

[M (P»s, P7s)]

Tab.1 Intergroup comparison of demographic characteristics between mild and

moderate-severe groups [M (P2s, P75)]

Moderate-to-severe

Variable Mild periodontitis . . P value
periodontitis
Sex (Female/Male) 6/9 5/22 0.129
Age (year) 57.00 (51.00, 65.00) 56.00 (54.00, 61.00) 0.792
Years of education 7.00 +4.16 9.33 +2.70 0.052
FD (mm) 0.157 (0.09, 0.27) 0.12 (0.09, 0.23) 0.181
MMSE 29.00 (27.00, 29.00) 28.00 (27.00, 30.00) 0.767
AVLT-immediate 7.97 247 7.66 +1.97 0.661
AVLT-delayed 9.00 +2.90 7.89 +2.14 0.164
AVLT-recall 13.00 (13.00, 15.00) 13.00 (12.00, 14.00) 0.443
DST-forward 8.00 (7.00, 9.00) 7.00 (6.00, 8.00) 0.064
DST-backward 4.00 (4.00, 5.00) 4.00 (3.00, 4.00) 0.388
NTP 29.07 +2.28 27.81 £3.40 0.212
BOP% 44.64 (15.63, 75.00) 82.03 (66.07, 94.17) 0.001
PD=1-3mm 93.55 (85.71, 98.61) 45.16 (15.63, 69.23) <0.001
PD=4-5 mm 4.69 (1.39, 13.33) 48.55 (23.72, 56.00) <0.001
PD>6 mm 0 (0, 0) 0.00 (0.00, 17.86) 0.013
CAL=0-2 mm 100.00 (100.00, 100.00) 58.06 (20.00, 75.00) <0.001
CAL=3-4 mm 0 (0, 0) 35.48 (22.58, 46.88) <0.001
CAL>5mm 0 (0, 0) 0.00 (0.00, 26.19) 0.002

2.2 Bi4iA] ALFF F fALFF 152 35 X
TERHIER . M) BEEIRA FD )5, SRS R AL, b =R A R AR A
L AR RSN AR S [ 2 EEAR B2 AR e [l A5 kR B[] ALFF
B Z S, EAME R At MR R fALFF B 53508 (W& 2. % 3,
K1, B2 .
F2 AEFERERELR ALFF 7R E 2 RINRIX
Tab.2 Brain regions with significant differences in ALFF among groups with different

periodontitis severity

) Number of MNI coordinates
Region T-score Prpr value
voxels X, ¥, 2)
Right lingual gyrus 72 9, -69, -3 -4.85 0.003
Right superior occipital gyrus 56 21, -84, 21 -4.31 0.006



Left calcarine cortex 46 3,-90,9 -4.23 0.008

Right paracentral lobule 47 9, -30, 69 -5.30 0.008
Left precentral gyrus 33 -27, -6, 63 -4.74 0.024
Left postcentral gyrus 32 -18, -33, 72 -5.06 0.024

MNI: montreal neurological institute.

£3 AEFARTERELR ALFF FEEEZRRHX
Tab.3 Brain regions with significant differences in fALFF among groups with different

periodontitis severity

. Number of MNI Prpr
Region . T-score
voxels coordinates(x,y,z) value
Right lingual gyrus 111 6, -75, -6 -5.84 <0.001
Right cuneus 63 15, -81, 30 -5.44 <0.001
Left calcarine cortex 20 -12,-72, -6 -3.95 0.030

MNI: montreal neurological institute.

B1 ARFEREREAN ALFF FEEEZR KX
Fig.1  Brain regions with significant differences in ALFF among groups with different
periodontitis severity



B2 AFEFRAREREHR FALFF 7R Z R RRNX

Fig.2 Brain regions with significant differences in fALFF among groups with different

periodontitis severity

2.3 ALFF. fALFF B, F A LA ThRERIHE R M1

TEHIER . WA #ESER & FD J5, ALFF fl fALFF {6, 7 f#&#5&% AVLT. DST
BRI, Bk PESHRRE r ERE 4~K 6. BETIE, 52 A 28 AR 4R
FR[EL$E BOP (%) , PD=4~5mm (%) , PD>6mm (%) , CAL=3~4 mm (%) fl CAL>5
mm (%) 15 ALFF. fALFF J AVLT. DST 3R 2 MAHIC; 1A B Thae AR B a6
FR[PD=1~3 mm (%) Hl CAL=0~2mm (%) |5 ALFF il fALFF J AVLT. DST ®3& 2 IEf

Ko BBIMGIX 1 ALFF F1 fALFF {55 AVLT. DST B8R 2 FMHKX CRRIE) .

K 4 ALFF # fALFF 6 57 Fatr R4 r B

Tab.4 r values for the correlations of ALFF and fALFF values and periodontal indices

. PD=1-3 PD=4-5 PD>6m CAL=0 CAL=3- CAL>5
Region BOP (%)

mm m -2mm 4mm mm
ALFF
Right lingual i~ e i
-0.283 0.374 -0.388 -0.198 0.310 -0.353 -0.139
gyrus
Right i . -0.416% . "
1B SUPETION 5305 0.449% - 0306 0.394" -0.383"  -0.260
occipital gyrus
Left calcarine sn 0453 . s -0.459%
-0.338 0.492 N -0.339" 0.444 . -0.257
cortex
Right
e e 04217 04107 " . .
paracentral -0.246 0.511 N N 0.471 -0.402 -0.380
lobule

Left precentral -0.102 0.327%  -0.387"° -0.110  0.324* -0.333" -0.190



gyrus
Left

. -0.480% -0.461%
postcentral -0.362% 0.399" . -0.125 0.349% . -0.075
gyrus
fALFF
Right lingual porn 04797 0.469%"  -0.488%
-0.271 0.501 - -0.320 N - -0.268
gyrus
. s 0.637%  .0.561% -0.472" 0558 -0.462" -0.468""
Right cuneus -0.388 e . o o o -
Left calcarine . - -0.423%* - "
» -0.269 0.468 -0.356 N 0.378 -0.283 -0.356
cortex

#Raw P<0.05; #Raw P<0.01; #Raw P<0.001; "Prpr<0.05; " Prpr<0.01.

R 5 ALFF Al fALFF {H 5\ Mg R0 r E

Tab.5 r values for the correlations of ALFF and fALFF values and cognitive function

. AVLT- AVLT- AVLT- DST- DST-
Region MMSE . )
immediate  delayed recall forward backward
ALFF
Right lingual
0.096 0.301 0.273 0.162 0.164 0.132
gyrus
Right superior “ u
. 0.056 0.394 0.363 0.227 0.309 0.301
occipital gyrus
Left calcarine
-0.120 0.193 0.299 0.119 0.282 0.072
cortex
Right
paracentral 0.267 0.489% 0.271 0.203 0.348* 0.160
lobule
Left precentral
-0.089 0.181 0.276 0.222 0.229 0.029
gyrus
Left
postcentral -0.011 0.298 0.286 0.150 0.339% 0.165
gyrus
fALFF
Right lingual “ u
0.118 0.354 0.335 0.140 0.222 0.056
gyrus
Right cuneus 0.034 0.263 0.434% 0.348* 0.402* 0.052
Left calcarine
-0.094 0.181 0.185 0.194 0.112 0.125

cortex

#Raw P<0.05; *Raw P<0.01.



R6 FHEHBRSANEEMEREI T E

Tab.6 r values for the correlations of periodontal indices and cognitive function

Cognitive BOP (%) PD=1-3 PD=4-5 PD>6 mm CAL=0-2 CAL=3-4 CAL>5
scale mm (%) mm (%) (%) mm (%) mm (%) mm (%)
MMSE -0.086 0.049 0.066 -0.183 0.150 -0.125 -0.124
AVLT- -0.205 0.195 -0.100 -0.242 0.278 -0.222 -0.244
immediate

AVLT- -0.327* 0.315 -0.333* -0.160 0.294 -0.195 -0.308
delayed

AVLT- 0.058 0.249 -0.203 -0.206 0.207 -0.064 -0.308
recall

DST- -0.338*  0.482%"  -0.490"" -0.271 0.614%#™ .0.663"™  -0.321
forward

DST- -0.396" 0.200 -0.141 -0.195 0.184 -0.094 -0.228
backward

#Raw P<0.05; #Raw P<0.01; "Raw P<0.001; “Prpr<0.05; " Prpr<0.01; ™ Prpr<0.001.

3 whid

AHE R B A T RE LR UG IR R TIANANIE S R 28 N, B BT e S
A% B W] ALFF. fALFF 725, LARCSVRITIRERIAH G . BRER, ST R
AR, A E R R A 2 AN X ) ALFF. fALFF {52 NI RPN ™ EFLEF
AR 2 18] f) ALFF. fALFF 25 5 28 A I PR3 bR SO FI D RE S AH O, R HonT e LA TBHE
(A= b E A E

FEMBECIR R J2 A i o 65 R Ak FER ANAIL IR A% 338 O AL 0 A R RO B X, ok AL B )=
(1 A0k 5 P15 5 4 0% 1 D 1y FLAh DX 33HEAT o9 A7 AR 2L, Ak el 2 508 - 5
() A5 SN A5 0 AR A2 i) A8 o o B2 5F J) 98 4% 28 [X. ALFF Fl fALFF SIS,
PRI I 98 7 SRR I N AT R S AL AE BAL B 5 RS TR N 22 A K o o (Rl IR [ S50 o
J2 X A BT T AR SRR A SR 2N o R AR50, R Ge A AZ 4] 2 3 e T AR AN AL 5
JEZ R ThRe R AR, T S80S =M. Bk, BRI [ 4 22 700 2 AR AT R 5 AH
KA (41 AVLT. DST M) RIAEA . X DCRR 57 1 (4 2 DA R DG IR s
LN BN T RER A A 2 5 IR IR IR TR AE A AR A R — o PSRl S5 1] 23 Sl )
AT IE B B B AT AR 58 B RS, SR R o — IS B A O IR . 2 X
H ORGSR EE T e, RTRE S R 2 4 RV TR U A P A AR U S

><|
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RO, HEN 508 1 9 RF 0] 12 20 J i 188 2% 1 22 e v e (R R A O

AHFFEE RN, T 933 M I K FEAR[BOP (%) , PD=4~5mm (%) , PD>6 mm
(%) , CAL=3~4mm (%) I CAL>5 mm (%) ]5#8% kX [¥) ALFF & fALFF £ 7%,
T Js e 5 J&) 48 A 3E i B A 648 B [PD=1~3mm (%) il CAL=0~2 mm (%) 5 #43 i [X i) ALEF
J¢ fALFF RIEAHSG. XK, BEEF F R EREEEIIIIN, #8500 DX 1 15 R P K v 2 5
FERRAR, 245 R AT RE S o AR I0 PTG e g 300 0 i D e e 3 TRV FEHR A

Ub4bh, A X ¥ ALFF. fALFF {55 AVLT MR DST MR RS2 IEAC, 15 BA i
X B RIEBNKE 1R B 5 TARICAZ B0 B TR T REAT O, 7T LAHEN 5 E AR G IR b 22 1 42 0
T 65 SRR T 5 5NN R IR ¥ DI o X — 45 SN B AF A 8 56 5 AN T RE T o (¥ 5 28
FEFEALH SR AL TR RIS .

R FATAFAE— L SR BRI . 5, A TR AR SN, S AT RR A1 350 7 A G 43
Bt 4 AR RedE I 2 8 R IE, AR TR AR S IR TEL . ok, RIFFIR
FIREWTIT BT, IX LS5 SRR T ARG, (BB E R K R . ARRFFEIATIN . THitE
MRS G - D B RBE VTR 5T,  DLRFUEAE R RIS . 55 =, JFRICE B B R
EDH T, DRI 22 S RERL ] (O T 00 S )z o A SRATE 90 B 65 A LIS AR REAH DG AR b, DATE 4>
T 45 7 He S FENLA -

i ERTR, AR TAENEIIE S B N, R ™ AR R S R E i X
ALFF. fALFF JOAFARE IAFAERASGNE, 3R A HER DU PT B8 5 0 D) B RS SN Fn 3R BLAF
FERTR o KR IUAUIRAL T 0 Ji 2 5 Th e IV 2R OB, 10 HOW I RS AD 2
B T PE I R FE AL T I W, ik — PR RV AENL ISR T BB kA .

e Z BN
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