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1.2 ORRREEE FRKGES RIS h
7 . A TR R HE bR A 45 4% B2 28 15 B0 (number
of teeth present, NTP) ( I Ji= YA 25 ] U i A7 B3 FH. A=
Vi LA AR A4 2 1 B ) HR2 Y Il BE 1 2 (bleeding
on probing positive rate, BOP% ) ( 7F Ji| #8128 4 7 J#]
AR5 AP RS A AR A 1 A RS RO A
53 ) FRIZ TR EE (probing depth, PD) CF it 2% 2
JEL ARG FB A BE 2T ) K2l IR B 4 32 2K (clinical attach-
ment loss, CAL) ( PRl 2F B i 53 31 F J&] 4€ )i 19 iR
). 433 PA PD=1~3 mm,PD=4~5 mm,PD>6 mm,
CAL=0~2 mm ,CAL=3~4 mm L} CAL>5 mm fii i /i
4 1 2R W BRSO RUBON 1 4 FAVE S A P Al o
REFEMIRUE . T A 208 RS LUT & 1012
W Ry 5 JE 5 AE =2 WU ARG 09 28 14 E AT A 31 CAL
B 22 A U b RS I F) 0 5T /RS CAL>3
mm H PD>3 mm. 7 Jil 5" B AR 2018 AR5
Wt R R G AT 9 9% 1 I (52 B sl 301 28 &)
%) : CALI~2 mm . PD<4 mm HJC 7 J& 5 BOF % 5
10 (32 2 J8 48 ) : CAL3~4 mm  PD<S mm H
Jil 5 BF 2R 5 WA/IV 3 (CF 3 2F J/) %8 )« CAL=5
mm PD>6 mm, J-AEA 1T -1V EEAR 2> SO AE o JA it
PRI S50 o A B Ak e M B T S 2 1A
B A Bl , DL R O 1A e O 0 s SR (I 28 e 45 1 B
SAGVEER )N W T R A R R AR,
Wb RRASHEF A RAEIT. FEA
TR R B H R 41 (n=15) S rh B R R 4
(n=27) Z [A] 47 .

1.3 AEEME BAS5EHEZ TV,
BLAG T PFAl MMSE, T3 3 4 52 5 W 58 1)
i#2¢ ) 5 (auditory verbal learning test, AVLT), LA
KT VAL TAEICC 5 BT RE W BT B I 56
(digital span test, DST) .

1.4 ®EEiRE\ME R 3L E GE Discovery 750w
3. OT 8 4= B AP (RT3, 24 3030 Sk SR 45
2B, A4 BT s A A B O DR 0 IR, IR B B
PR IE I LA B 5 S BB R A PR =R T
RS 38 2o il 25 B 91 SR 4, R S 80 < TR
8.5 ms,TE 3.2 ms, TI 450 ms, FA 12°,FOV 256 mm
X256 mm; HiF 256x256, 25 1 mm ()2 (] f%) , 2
H188 )2, FAHIT ] 296 s ¥ E AT RERE IR U4
F1A) 1L 4 7K T A A 5 A0 3 et Ao [ e — B Y & Il
W -1 1% 5 (gradient-recalled echo-single-shot-
echo-planar imaging , GRE-SS-EPI) J¥ 51| >R 4E , 2%

T :TR 2 000 ms, TE 30 ms, FA 90°, FOV 220 mm X
220 mm, HifF 64x64, ]2 )% 3 mm (Z[F]ffE 1mm) , JZ
B35 )2 KA 185 N ] Sl 18] 370 s BEAL,
i SR R R L T2 AL B 5 (T2-weighted imaging,
T2WI) | WK 5 ik [z %% Pk % (fluid-attenuated inver-
sion recovery, FLAIR) 1% , UL HE B i &5 #% 51 Pk
1.5 EGmaE & a6k R
SPM12 #k {4 K& DPABI(Data Processing & Analysis of
Brain Imaging, http://rfmri. org/dpabi) 1 17 Tl &b #f .
HARPBRAHE : D #5054 ofF DICOM RIS ik
NIFTIA% 3K 3 @ SIBRET 101> 1] £ B) I [R]E AL IE 5
@ K BNREIE IRk S 3 mm B3 3° BB
& 15 it m] 57 #% (framewise displacement, FD); ©®
mHZ A T AR &, AL I LT Friston-24
BT )3k B 240 FD>0. 5. LS 5 DA B A
53 @ ZS AR AL : P RN 3 mm AR @) &
(] S« ]2 0 4 SEAEA 6 mm 2 BT AR R A T 11
ALFF 5 2R F g 3 5 FEl 2 0. 01~0. 08 Hz F I 451 43
BT PALFF S ALFF ARAEAL 45 b, 2 AR (0. 01~
0. 08 Hz) ik 55 He AN A830 Fil Dh 3835 1y L 3
ALFF [ AR A 1 587K P 1< A58 1 5 102 3l 119 28 0 iR
R, ELAT A i AR 5 T FA LR AR D 2R oy 44 B
DA L), PTAE— i AR B b R A B A5 S AR
SPER SR, P A5 R R R e SRR EE
ifif , A STk AR H ALFF 55 fALFF 475001, — 5
T TR B AN FE 5 28 )URIE , $2 = 45 R AR s O
—J5 0, 24 P A A — B — Sk AR i, w2
il A TG B 5w BB ISR AL B A AL A R
1.6 ZEit=ZE4E  Prfi gt o iR SPsS
26. 0 BT 5E I, A5G A 1AL 1R F ST FEAS
¢ A gy, 3R 1E 28 43 A A2 £ W >R H] Mann-Whitney U £
5, P E A i 2E ) e BRI RO R B . IR B S
I BE WG I AR K £ MATLAB ¥ 5 LR ] SPM12 4k
4 (https://www. fil. ion. ucl. ac. uk/spm/software/
spm12/)JEAT /AT AL B o Sty — R AR MG 4F
W M Z BE AR IR X FD AN DM B BEAT T
R IR B I SEARAS A 50 o 25 2R R I K P A%
1E WA BB B 72l P<0. 001, B >R FH AR R & B AR
(false discovery rate, FDR) J7 k#4776 /K -2 1 Hods
KIE (BEIEJF P<0. 05) , [R5 22 iR /K P 2 4
>10/MARZ, DUk HAT G it 2e a8 22 S X

W B ALFF 5 fALFF £7 75 i 25 25 8] 22 57 1) i [X.
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YR LR X (region of interest, ROI) , -4 3 25 i
X1 ALFF FlfALFF {8 5115 R 5 J8 46 bk SO D se
AT W AH DG A3 ATT B AR IS Sk Bl MR M 2 EE AR
YE Rz 5, DL P<0. 05 8 25 S5 A Ge it 2o 3, [l
XA AH 2 0 B 45 SR H Benjamini-Hochber J7 #6477
FDR # 1F .

2 #R

2.1 ZFRFAOZGEESGIT ISHIREFHLE
T 27 45 vh B 2 A8 R N 2R RRE R PR A
TE S 220 B2 P4 UL R 1. AL AR AR Y (51 32
HERE L3 MMSE.AVLT . DST & NTP & W 22
P g F 25 B4 BOP% .PD K CAL I, M 25 7 H
Boit#a L, B RRH hEET R RAN
BOP% W i, 5F JAI4% PD Bk, CAL B /= .

2.2 TIZHBE ALFFFFALFFEZRKEX EHH
AR PRGN ECEAEIR M FD J5 , 5 R R A
Ll , Hh e B 2 JR R 2 A A S T A e e 55 /e
2 v e J5 L A2 A FECER B J2 A A e S el oA
B b 18] B ALFF {5 0 3 0 A0, 76 A 0 & [al | A5 ) 482
22 BECIR 2 J2 B FALFF {8 5 8 (L3R 2, 3
3,E1.E2).
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XS FEEHAER M HEFFERLFD G,
ALFF FUALFF{H . F Jil 4845 S AVLT . DST 3t 3% [ A

Kotk LR PSR B EHE LR 4~k 6, Bk
&, 55 R AR [ 245 BOP(%) ,
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HICAL>5 mm(%) ] 5 ALFF fALFF &% AVLT .DST &
2 AR G 5 T S W 28 JE) ) REAH X 8 - A 48 A [ PD=
1~3 mm (%) #1 CAL=0~2 mm (%) |5 ALFF Fl fALFF
J AVLT DST 2 B IEA I . F50 1l X (4 ALFF 1
fALFF{H5 AVLT \DST 2 5 IEAH C CRICIE ) o

3 itig
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FBH ) ALFF fALFF B9 22 5, LSS A D RE R AH
Kk, G RN, SREF R RAMIL, hEE S
JE S HAE 2N X 1Y ALFF fALFF {8 538 R . i
RIS E R B A R Z (] () ALFF (fALFF 25 5%
5558 I R FE b5 BN T BE 2 AH O, B HLnT BB
HA WA bR SN .

A FECIR Bz 2 SR H A R G AL 3OO ) 5 A
1o )RR £ 8 EE L X, R [ SE i 2 Ak B A
B B 2 2 3 R A H At XS8R AT 4 AN R
R ML b 1 2 505 -2 W B S BN TS
MSE TAEICIZ R g it o b B 28 il R 4 i s i
X ALFF FlfALFF A, $ 78 2 Jo] 48 7™ o A% B 3 i mp
e S (E B AL S A TIREM 2 R4 ¢, 7l

*1 BRESHEEmAABAORERREI [v25.M (P, P,)]

Tab.1 Intergroup comparison of demographic characteristics between mild and moderate-severe groups [x+s, M (P,;, P,;) ]

Variable Mild periodontitis Moderate-to-severe periodontitis P value
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 £2.47 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 (n) 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=1-3 mm 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 (0, 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>5 mm 0(0,0) 0(0, 26.19) 0. 002
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R2 AEAFAXFEREHEDALFFFEEEERIMX
Tab. 2 Brain regions with significant differences in ALFF among

groups with different periodontitis severity

X Number MNI coordinates
Region t-score P value

(x, v, 2)

of voxels

Right lingual gyrus 72 9, -69, -3 —4. 85 0.003

Right superior occipital 56

gyrus

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.

K3 ARFEAXRFTEREHEBALFFFEREERNMEX
Tab.3 Brain regions with significant differences in fALFF among

groups with different periodontitis severity

Number MNI coordinates

Region of voxels (v, . 2) t-score Py 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.

AR (] S5 A0 K2 )2 DX A Bl T 98 B R 2 BCE AT 56k
BRI BRI, ZR GEE LA 2> i A O i Eh 4R
A E B2 JZ 22 18] 1 2y BE 3% 42 B K, DA i 5 20st
TR PR, B A R 2 T SRR T RE S

Right lingual gyrus

Right superior occipital gyrus

ARSI S0 (40 AVLT  DST i) e BLAEER £ .
TP DX S P A A 2 DA T G R R s i 22 1 B
HOOTRE A A R SNV R BB e & 1B
28N s BTN =1 S DO VR I S el
FRI AR AR Bz 20, I R 4 ot — iz sh 48 &
MR IR o 2 X [ &G sk B N, il e S
HHER B OF R R R VTR 2 S P R PR R AL R AR
D U S A G HE I 508 P A X i 2 IRk i
A 28 0 PR B A G

ARFFEEE R R, o ) 58 JR AR OC 1 I R4 b
[BOP(%) ,PD=4~5 mm(%) ,PD>6 mm(% ) ,CAL=3~
4 mm(% )1 CAL=5 mm (%) ] 535853 i X 1) ALFF &
FALFF S 50RH OC , T S W 2F Ji) 98 AR 1 Jié i A DG A8 i
[PD=1~3 mm(% ) Fl CAL=0~2 mm (% ) ] 5 33 ki [X.
1) ALFF S fALFF S IEAHDC . 3X R, bl o Ji] 5 ™
TR BE A BG4 DX R R T S R R
1% IZ 5 AT RE B 7R A JEAR 0 AT 6 1 Ry 3 1R it
Uihe s B AE e

AN, A3 I X ) ALFF fALFF {5 AVLT 3
FDST P 4 22 B ARG, U B X % 16 sl 7K1
1T B S TARICIZS0F ZI6e T A ¢, al RAHED
RAEAH R PR LSBT e S S BEA AR S
NI Z [ O, X — S5 R A RS
INHIDIGE T W e B A BEAL IR T 3 B9 3E 4

Left calcarine cortex

Left postcentral gyrus

B1 AREFEARTEREABALFF FEEEERHNX

Fig.1 Brain regions with significant differences in ALFF among groups with different periodontitis severity
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Right lingual gyrus Right cuneus Left calcarine cortex

B2 AEFEAXRTEREAEDALFF ZEREERNMX

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

%4 ALFFFIfALFF &5 7F BEtRrEXES Hr &

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

Region BOP (%)  PD=1-3mm  PD=4-5 mm PD26 mm  CAL=0-2mm CAL=3-4 mm  CAL>5 mm
ALFF
Right lingual gyrus -0.283 0. 374" -0. 388" -0. 198 0.310 -0. 353" -0. 139
Right superior occipital gyrus ~ =0. 305 0. 449" -0. 416" -0. 306 0. 394* -0. 383" -0.260
Left calcarine cortex -0.338 0. 492*" -0. 453" -0. 339" 0. 444" -0. 459" -0.257
Right paracentral lobule -0.246 0.511% —0. 421% -0. 419" 0. 471% -0. 402% -0. 380%
Left precentral gyrus -0. 102 0.327* -0.387" -0. 110 0. 324* -0. 333 -0. 190
Left postcentral gyrus -0. 362 0. 399* -0. 480" -0.125 0. 349* -0. 461%" -0.075
fALFF
Right lingual gyrus -0.271 0.501*" -0. 479" -0.320 0. 469*" -0. 488" -0.268
Right cuneus -0. 388" 0. 6377 -0. 561" -0. 472" 0. 558" -0. 462" -0. 468"
Left calcarine cortex -0.269 0. 468" -0. 356" -0. 423" 0.378* -0.283 -0. 356"

*Raw P<0. 05; *Raw P<0. 01; **Raw P<0. 001; "P,,,<0.05; P, <0.01.

D
FDR

%5 ALFFFIfALFFESIAAMINEEEXES W rE

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

Region MMSE AVLT-immediate ~ AVLT-delayed ~ AVLT-recall ~ DST-forward  DST-backward
ALFF
Right lingual gyrus 0. 096 0.301 0.273 0.162 0. 164 0.132
Right superior occipital gyrus 0. 056 0. 394 0. 363" 0.227 0. 309 0.301
Left calcarine cortex -0. 120 0.193 0. 299 0.119 0.282 0.072
Right paracentral lobule 0.267 0. 489" 0.271 0.203 0. 348" 0. 160
Left precentral gyrus -0. 089 0. 181 0.276 0.222 0.229 0.029
Left postcentral gyrus -0.011 0. 298 0. 286 0. 150 0.339" 0. 165
fALFF
Right lingual gyrus 0.118 0. 354" 0.335" 0. 140 0.222 0. 056
Right cuneus 0. 034 0.263 0. 434" 0. 348" 0. 402" 0. 052
Left calcarine cortex -0.094 0. 181 0. 185 0. 194 0.112 0.125

#Raw P<0. 05; #Raw P<0. 01.

AWFFANAFAE— LR R IE . 58, AWPTERIRE SRS R RO  ERNRERA E R KR . ROK
AR A BN X AT REE AT MO BT ST W BEEATON A TR R R B - 1 B R
SERONREE L 2 W IUERE  AORMEFE T EERAEA UiBESY , AR STIEE B R AL . 565 =, JF Rl dk
LA UESE R o U AR WE SR IR W IR BT, 01X AR AR L S AE DR 1, DAL M) ol 22 98 i HIL il F) 42
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Tab. 6 r values for the correlations of periodontal indices and cognitive function

Cognitive scale BOP (%) PD=1-3mm (%) PD=4-5mm (%) PD=6mm (%) CAL=0-2mm (%) CAL=3-4mm (%) CAL>5mm (%)
MMSE -0. 086 0. 049 0. 066 -0.183 0.150 -0. 125 -0. 124
AVLT-immediate -0.205 0.195 -0. 100 -0.242 0.278 -0.222 -0. 244
AVLT-delayed -0. 327 0.315 -0. 333 -0. 160 0.294 -0. 195 -0.308
AVLT-recall 0.058 0. 249 -0.203 -0. 206 0.207 -0. 064 -0. 308
DST-forward -0. 338" 0. 482" -0. 490" -0.271 0. 614" -0. 663" -0.321
DST-backward -0. 396" 0. 200 -0. 141 -0. 195 0.184 -0. 094 -0.228

#Raw P<0. 05; #Raw P<0. 01; #Raw P<0. 001; *PFDR<0. 05; **PFDR<0.

W (B HZ . AR SE N5 A MG S RE AR CH8 4 , LA
B4 T b A s L S ZE R

ZE Lk AR AR R T ZEHNE B Y h 2 AR
NHE o T 58 ™ H R B 5 R 8 I X ALFF (fALFF
FONFNRE TIAEAEM S , B 2 Mg BRI v e
06 ) 8 PR A B NN R BAEAE G o X 2 R AN
TRAL T % 5 J8 5 5 G D B =2 [R1IBC 2 A B, 1 EL oy
R fEE3E 55 AD 22 [B] VAR 6 R AR T 40 28 UL
it — SRR S TEALHPE AL T S SR
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Exploring the association between periodontitis and brain function in

cognitively normal middle-aged and elderly individuals
Ma Ju', Li Xiaoshu', Tao Yufei*, Zhu Wanqiu', Chen Xiao', Yu Yonggiang'
(" Department of Radiology , The First Affiliated Hospital of Anhui Medical University, Hefei 230022;
* Department of Periodontics, Hefei Stomatological Hospital & Hefei Stomatological Clinic College ,
Anhui Medical University, Hefei 230001)

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 dif-
ferences 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 gy-
rus, superior occipital gyrus, paracentral lobule, and in the left calcarine cortex as well as the precentral and post-
central gyri. Decreased fALFF values were observed in the right lingual gyrus, cuneus, and left calcarine cortex.
Indicators related to periodontitis progression [BOP%, PD=4-5 mm (%), PD>6 mm (%), CAL=3-4 mm (%) and
CAL>5 mm (%) | were negatively correlated with ALFF, fALFF and cognitive performance, whereas indicators re-
flecting better periodontal function [ PD=1-3 mm (%) and CAL=0-2 mm (%) | 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; mag-
netic resonance imaging; cognitive function
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