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Je S5 VTR kR KU I SR BRHEAT T W 9L 45 SR 3R W] : LCGA 3L H Low-Stable 4 (IR/K A2 E 4, 34.5% )+
Moderate-Increase 20 (HH/K P22, 46.2%) F1 High-Increase 21 (/K T2, 19.3%) =Rk, fEfHI N D
FRIE. AEFEF 0. BMI KO BRI /5, Moderate-Increase 41 (OR =1.32,95% CI: 1.14~1.53,P<0.001) FlI High-
Increase 41 (OR =1.78,95% CI: 1.49~2.12,P<0.001) I & A B2k KU 35 2.2 =5 T Low-Stable 2H, HIEZ:NE: ePWV
IKF 5 kg R 2 IE [ - B K B (P-overall <0.001) . Z7E, ABFFIESHhF4EN ePWV K HIZER &K
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Longitudinal Trajectories of Estimated Pulse Wave Velocity and Risk
of Tooth Loss in Middle-Aged and Older Chinese Adults: A CHARLS
Cohort Study
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Abstract: With rapid population ageing, tooth loss has become a prevalent oral-health burden among middle-aged and older
adults, making the role of cumulative vascular ageing an important focus for identifying systemic risk factors in oral health.
Using multi-wave longitudinal data from 10,245 participants aged 45 years or older without baseline tooth loss in the China
Health and Retirement Longitudinal Study (CHARLS, 2011-2018), we applied latent class growth analysis (LCGA),
multivariable logistic regression, and restricted cubic spline models to investigate long-term trajectories of estimated pulse
wave velocity (ePWV) and their associations with incident tooth loss. The results showed three distinct ePWV trajectories:
Low-Stable (34.5%), Moderate-Increase (46.2%), and High-Increase (19.3%). After adjustment for sociodemographic
characteristics, lifestyle factors, BMI, and cardiometabolic comorbidities, participants in the Moderate-Increase group (OR =
1.32, 95% CI: 1.14-1.53, P < 0.001) and High-Increase group (OR = 1.78, 95% CI: 1.49-2.12, P < 0.001) had significantly

higher risks of incident tooth loss than those in the Low-Stable group, and restricted cubic spline analysis further demonstrated
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a positive dose—response relationship between continuous ePWV and tooth loss risk (P-overall < 0.001). Taken together, this
study indicates that persistently elevated or increasing ePWV is associated with an increased risk of subsequent tooth loss in
middle-aged and older Chinese adults, suggesting that cumulative vascular ageing may serve as a relevant systemic factor in
oral-health risk assessment.
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TG i BAEAT R AN FE R R R, (HXE R R IF AR M ER . TR
T35 ShIBK A FERE AL 1O VB B 2 TAAFAEIRAT G 7 ORIk, L 8 VE AE S A1) 2 Bk 0. (R, AN
M ZWAEHELFNERE, TReA BT 2R D (g R 2 7 i 2 S R &R

KB Rk AR A 52 o i 57 2 A ) B R A . il SRk A A% 3218 B (estimated pulse wave velocity, ePWV)
FH AW A~ 22 Bl ik R HE AR, 5 30 it 30 Bk Dk 408 4% 53802 (carotid-femoral pulse wave velocity, cfPWV)
A3, IR T I g S8, st RS 2 RE ) T R, i Sh AR E A A%
[ AN R GIAERE o X T O R Ui & (I ZH 2R, X BRI LR B 7 2 A7 far vl Be s SR N B4 . ol
A8 B A AME S RE S P10,

IA I 5T K 20 A — R ML 5 LA ) 5P R 1 s R XU, i B v B et e DA e ke I /57 el
W RS FE . [F]— ABEN I ePWV B IEAIE —, BN [A] s B0 W] RERE i X A 22 0] TR
KM (latent class growth analysis, LCGA) &% M 2 &l & H iR 5 A [F 1 BAARAei X F 0t,
A FAMAH CHARLS 23 xS fiik b [ =2 4E N 1) ePWV BUZE, FFEES 35 FEVT IE K 7
WK I E R
2 RS
2.1 BHERIB ST TR

AR A AL K E R B R S R 2B (China Health and Retirement Longitudinal
Study, CHARLS) M, iZif& maH E 45 5 K UL - A#E R RS, Ed 28 M (BIRIX. BFETD
(¥ 150 > B BN AN 450 MR REALIX AL, FELRRE T 2011 4E5E, JRERRAE /R ITE 2013 4R,
2015 4F. 2018 4EF1 2020 FFEIF . AT A2 i & B2 E MR E TS, CHARLS B 7 REIL R KFAL
MR EZ R, A RPN FERADT 45 & BAETLTNEK. 20F 2 RaTH T
ePWV I I & D7 30154 1A G 24 B WA 5 S PR OB AR B R AR 32 5, 7T FE AR 10,245 .
22 BLRBRE: PWV iHH

A RAE R B B S REZ U FE S e E 3 B . 738 RS 2 O
3 RU4EE (systolic blood pressure, SBP) N &5k (diastolic blood pressure, DBP) [f1°F-33{H.

“FH8h ik (mean blood pressure, MBP) 115 /A ’4: MBP=DBP + 0.4 x (SBP - DBP),

ePWV (m/s) #% Greve Z42 HHIA G5 ePWV =9.587 - 0.402 x Age +4.560 x 1073 x Age? -
2.621 x 107° x Age? x MBP + 3.176 x 1073 x Age x MBP - 1.832 x 102 x MBP.
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23 R SHEREE X
FELE R ONBE VTR R R A iR, Ay 0 CRAAD B 1 CRAEFRBRE/AESD .
AR N = NOERROFEER . A SURRE. W2 R AR AGSRN; A5
F ARG 2R AFERMIRAZS . ISR A BML; O I AR E R & s . BER . AR o
oI A 2
2.4 G
i R G S lemm RIE 2~5 41 LCGA #8Y, #RALEFE RN 275 BIC. SABIC. “1#JJ5 K%
(average posterior probability, AvePP > 0.70) . Entropy (>0.80) VLM ix/NIEH L (=5%)
K Z IR Logistic [lJAft tHANF] ePWV BUZEZH 24 A 62k XU - Model 1 A1 4 1038 5 ; Model
2 WA NI KZR ;. Model 3 7EEFEA b 2RS4 A5 77 20, BMI AL A ARSI LR . RN AR
FLfE L Codds ratio, OR) & 95%E {5 [X [A] (confidence interval, CI)
HELE ePWV 5 7 1 2 USSR 77 - S B ok Sl o 4 757 s BRI M2 7 A 25 VAl st — 28 4 e )
MEER I 2 o PR 2 0 ks 46, LA P < 0.05 NZFA Gt o
3 R
3.1 ePWV R PR %
X} 10,245 LR RIEE PWV METHIZUE (K D o L6 S DELE TR H R
B, 3 HBREL A RIS 73 H AT R 2 B B T . = 251843 73 Low-Stable 2 (34.5%) .
Moderate-Increase 4 (46.2%) #1 High-Increase 44 (19.3%)

K1 ePWV BRI KITHEAEMNES L
Table 1 Model-fit indices for latent class growth trajectory models of ePWV

PUE- GV \
HRIA K ﬁ BIC SABIC Entropy FHEY (%) B AvePP BRI
2 AR -15243.2  30540.8 30512.1 0.84 62.1%/37.9% 0.91/0.88 AN
3 YR N
-14810.5 29712.4 29668.7 0.86 34.5% /46.2% /19.3% 0.88/0.84/0.89 ALY
*

32.1%/44.0% /21.2% / 0.81/0.75/0.78 /  HBI/NE

4 R -14790.1 29705.2 296453  0.79
2.7% 0.65 i3

3.2 BRI HE

SHZUE REREEI AR (% 2) . M Low-Stable Z1%] High-Increase 2, “FH4E# LA
B . BERR . MUBE S . S o R 25 o 1 LA B T e, BV T R Vi 2k ) LA 4 vk
BN (B P<0.001) o B, S5 RN Y N AR o0 A AR 3R S T RE TR 2R R

R2 R ePWV HERHB N RMELRHME LR (N=10,245
Table 2 Baseline characteristics by ePWYV trajectory group (N = 10,245)

- REA Low-Stable Moderate-Inc High-Inc -
(N=10,245) (N=3,534) (N=4,733) (N=1,978)
N VA2 B2 IE
fE% (¥, Mean £ SD) 59.6 8.4 542+6.1 618+7.3 68.5+7.9 <0.001
<60 % n (%) 5,430 (53.0%) 2,862 (81.0%) 2,177 (46.0%) 391 (19.8%)  <0.001
>60 % n (%) 4,815 (47.0%) 672 (19.0%) 2,556 (54.0%) 1,587 (80.2%)
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ES(= YN Low-Stable Moderate-Inc High-Inc

FIERE P &
(N=10,245) (N=3,534) (N=4,733) (N=1,978)

B n (%) 4,980 (48.6%) 1,714 (48.5%) 2,305 (48.7%) 961 (48.6%) 0.982

SCAREEE: Wb KRR n
%) 3,382 (33.0%) 1,414 (40.0%) 1,468 (31.0%) 500 (25.3%) <0.001
(V]

JEAEH: KA n (%)
FEIS/FJE 0 (%)
i R G R E R
WAERIH n (%)
ER/ I n (%)
BMI (kg/m?, MeanSD)
MK 3 7525 S 18w
#2% SBP (mmHg)
2k DBP (mmHg)
FLE ePWV (m/s)
mlLE n (%)
BEFRIE 1 (%)
AR n (%)
O 1 (%)
i % H n (%)

P 5 25 )5 24 55
HEFHELFE n (%)
BEVIE A K n (%)

6,557 (64.0%)

8,913 (87.0%)

3,073 (30.0%)
3,586 (35.0%)

23.6+3.8

128.4 +19.5
752+ 113
8.65+ 1.82

3,412 (33.3%)

1,320 (12.9%)

2,151 (21.0%)

1,147 (11.2%)

410 (4.0%)

1,844 (18.0%)

3,790 (37.0%)

2,191 (62.0%)

3,251 (92.0%)

1,096 (31.0%)
1,308 (37.0%)

23.8+3.6

116.8 +12.1
71.4+8.9
7.12+0.88
643 (18.2%)
230 (6.5%)
583 (16.5%)
247 (7.0%)

71 (2.0%)

707 (20.0%)

792 (22.4%)

3,076 (65.0%)

4,118 (87.0%)

1,420 (30.0%)
1,657 (35.0%)

23.6+3.8

131.2+16.3
76.8 + 10.4
8.95+1.12
1,723 (36.4%)
667 (14.1%)
1,032 (21.8%)
568 (12.0%)

189 (4.0%)

852 (18.0%)

1,827 (38.6%)

1,290 (65.2%)  0.012

1,544 (78.1%)  <0.001

557(282%)  0.024

621 (31.4%)  <0.001

232441  <0.001
149.6+21.4  <0.001
825+128  <0.001
1124+1.65 <0.001
1,046 (52.9%) <0.001
423 (214%)  <0.001
536(27.1%)  <0.001
332(16.8%)  <0.001
150 (7.6%)  <0.001
285 (14.4%)  <0.001
1,171 (59.2%)  <0.001

3.3 ePWV FLE TGS AR R K2 R R Logistic [ 3247

F3FIH T Logistic [MHZEHR ., 5242 %NS (Model 3) , Moderate-Increase 2 & 4= 7 A 2K 11
RN 1.32 (95%CI: 1.14~1.53) , High-Increase 204 1.78 (95% CI: 1.49~2.12) , ZHRZN Low-

Stable 4. PUIEKF ARSI, SF DG oh I KU 5L

W (P-trend < 0.001) .

R3 PWV EBHZL STHT WK K ZEE Logistic BT

Table 3 Multivariable logistic regression of ePWYV trajectories and subsequent tooth loss

HE / & Model 1: HEE OR

Model 2: ANAZFAE OR  Model 3: £EA{HE OR

ePWV #5454
# (95% CI) (95% CI) (95% CI)
792 /
1. Low-Stable 41 1.00 (1) 1.00 (%) 1.00 (ZH#)
3,534
2. Moderate- 1,827/
2.18 (1.92~2.48) *** 1.45 (1.26~1.67) *** 1.32 (1.14~1.53) ***
Increase #H 4,733
1,171/
3. High-Increase 41 Lo78 4.42 (3.85~5.08) *** 2.10 (1.78~2.48) *** 1.78 (1.49~2.12) ***
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M / B Model 1: FEER OR  Model2: ADO%H% OR Model 3: £HAIEE OR

ePWV B 4H
# (95% CI) (95% CI) 95% CI)

P-trend E&#H L0 — <0.001 <0.001 <0.001
4 g

AN E NS AR = ePWV BT, 5K TRAKFEMLE, ePWV ZigF
EERE T = FH AR U T A G R A R R RN D AT L ERE R RS, P
IR XS IS 23 700 A 32% 1 T8%.0 X U5 W 24 A A IRUISG: T Xof 2 P LA AR AAE - T BE AN & . )
BEER, ICAFERE AR F A A A

REAEA R D B S 2 S a7, B2 WG L mi s . B PR B0 M 00, 0 DL
R EABARE N R RR . AW T ITERZ ePWV WHRIBEIS [H28 4k . — 255008 52 3t 37 42 1) XU of B
Y AE R — 2 ABE, I 2 AT B 1) 22 S T e SR b A IR AR ZAME B . IX— WM 5 3 ik
B P [ o LA LR ol L A8 4 1 B E 28 B AR AR A SC PR WIF 90 45 SR 7 1) — B58-10120, (G A R 4f L 4 T
B AE IR R R R

KRR ] BEZ HH LR 3) 7 2 AN JERE Y S5 AH BLAZ SR BR AR T e KBRS S, o] Jhk s PR 22 e
VERES, BRI BIREE AL BN E . A H ) A 3 EARGE LR W, KR 5R
TR, RGN DI RESZ A TS B AR ey L, 3 T e 4 SR SN I R R
A0l 5 k[Elny, sk A JE 2 BB 1S PERRE 20E . CRP. IL-6 A1 TNF-o 55471 i 0] 2 5 4
PO AN JE AR, NI SO0E 5 2 R SCRFAHZUR AR 2 (RIS it 1 mT Re () AR M 2 ARl 3-141, i
JE - BE PRI AN ILE S 5t mT e [ HES) R FE . BRI A O R B Sa 3, iR & Y 3[R
Sa I PR 2= AT AT R RE A At 145

ePWV {75 W AN E LM B ATk 5, T AT At 0F N JE 080 5 B A O RIUASE 1) N O 2
ANad, AT A LA ePWV VENBSLI) DA TR SHISE AR, 2 EIA O M KR TT
il — ke BRI 75 2 DR B AR 6T ePWV KA S Bl B AR, nl A i A A
fEB R RE B Z4b, REFFPRGL. DIE PA . R IR OB TR RS . IX Mo [5) 8 B Re 15 > F
WEkR, AThReE BTHE YT TR FL 50 E .

SERIIRREZ LT H PR . ePWV  HHAER A ZN KR AL R, EE&RATRE A, (H5 E
1310 cfPWV FHAGEE, R A 78 5 G 1 B — Pl A8 2 A0 R A, T A A 1A 30 ok 8 el N 2
FRERAR ARV, ATRAEIRE R, WIEX S TR 2% SMAEFEIT SR S AR
SRR, I PR BB R R I, U DARAT N BRAEF RGTTY . B BEIT ] SR 40
PREVERBZRPE RS NE, RRIRIFAGEHERR. HAh, WM BA A E R 5 75 -5 45 = 1R 8] it
J¥, HIAREUERH ePWV FHEI SECT K. 46 HE PWV &, brfefbF s, FiEg e Eam
RIEFBARIIWETE, KA B TR 36 1 A A — G P 0 — 7 R AR X — R 2% o

REAEEIXEL R, S8R T — MER S — PRI IR M 2 KIS R T e
5 D R 45 R [F 82 BN 78 Hh 2 A {3 v RN 05 I R IR, W Re B AT I 5 A S it
b evA 2P S S V) = 1 g N
5 %

CHARLS [ kR 7R, HEEE NN ePWV 2B R] 73 AT AR K22 39 A0 K ST 3R 1
SRR . S SIS B U I R R XS TR R AR DG, EL TR R 2 PR A R RS ORI AR AE
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