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HWE B/ BMZEgE1EE % (chronic atrophic gastritis, CAG) I PREFIZIKEE H 55 SR BIGA:, IXFhAa QKA e LN FH T
RIBENRE A 5 B R, DA 2 B RS T RS EE (0 TC IR 0 5 1% o AR 53 35 1 4 it o't vl 2 BRIk )k
(photoplethysmography, PPG) #HUZALEIEIESEL, ik i ARZ IR A T MRS FAIEFR bR, JHA 82 CAG ToAIBE & i
B, ik WP A 343 215, 4G 171 B CAG B 5 172 24 9E CAG X IRFE, 4530 PPG WA RAEZ I H 1 8 4%
ZREPORR, ARG . AR VR ITAS S FDR ZEALIE, T AE S 2 5540, WH LI Logistic [1 747
A, SR ROCHMT . 202 HAr3E KAIE . Bootstrap # 1F K p 5 kb, RGITEM BRI BIRLAE . PR EPE S IR R
MAMME. &R SWAEEESEOIARMIES S0, P RSTERE L. BRE . WaSBFEAAN2ES, K40
MFDRAGIESG, (UHASHEMASHERRE, CAGUEMNEESHI T . A ERAEMEE A, R—2K S5
FIGBAREA PR, B AMAERRAUCH0.652 (95% CI: 0.595~0.707), REG4EI S 2L HSENBERHT AUC T 0.791 (95%
CI: 0.743~0.835), BmfLtatndtTr0.139, 432 A28 LRI AUC $70.753 (95% CI: 0.715~0.781), Bootstrap 5 1E
JG AUC 7 0.748, BB LG AL, PIEREtE Rar. FRRIRE R >95% B U (L 40.4%, Twi2 KB, AT A
HEWIOR 5 T LB B KA SR BI{E 0.419, X ABURRIE 1y 80.7% . 45T 62.8%, T AMMAWIFiRIS R, Jik
MR HT R, BERULE 10%~55% [ (B HE 3 DX 1] Il DR v 3K 25 0 1 RO 25 5, 15T CAG Bk =027 il B or i st .
£t CAGREZRIUBEATHRE . BIARICH RN LI IRAE, 50288 L, BCA T A AL HAT BT 471 2
WIXArRE DT, TEFIE)Z S b R A, 2R B ORI B Beiie” bR E s T A, M|
FLii A Fe I I R AT T A 22 s o ST AREP ilE— 20 I .

KR RVEEAEE 2, OCHABUKIE, S8PMCIEISE, TAIMBIA, MisEML, TEATERE
FESHES RS73.3+2, R241, R318.6 DOI: 10.3724/j.pibb.2026.0101 CSTR: 32369.14.pibb.20260101

BN EEATISZ —, HARTA W, TUREA WIS LIRS Rk R v
EIGRSEE, (ME28) 25 “SFOBIRZ RS SIS SIGAOMEER, Rk S
WEASHEZ R4S, SOREE T O, Bk IRARERAEAERRE I EIRITALOC R o R 8E ot
BAK, BT EWE R, STt Ew P DR REI R RIRICR e i
BRIET™ . [ 20 TH40 80 ARAC LISk . M T 204 % I B (Cl) XFRRFZ, 5 ki (C2) xfh
BT IR TR, Yy T e 0 0SIG(C) XTRIRRER © A D

+ s RS, .

PEAIARILIE” (blood circulation resonance theory, (c4) X{fjﬂfﬁ&‘@ BRLIE, IR (C5) X
1 B ARG L T T AR R

BCRT), #HUEINS, .0 NEBkEh 4% 5 3k & E$$%%£€v%&e&%@%mm e
B¢ ELRITRUEIEAT 1 RS ASCRIRA , B oo o et o s g U
LR o RILRATHIRUL, T AR 2 G P 25 A P S GH g C1~C8 A T i T
MR, RERHEHECRIABIRAML, L, L
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LML R B IR B RIGRYZREEHESR P,
KB - 2R WA R kg S it Tl AL S5
Sz e

12 PEZE 45 H R (chronic atrophic gastritis,
CAG) 15 B R FR AL, S0 A HoA
BRI R H T E B A O 2 W bR
L (HHAR APEFHRAE T TRERR G 73205 A R
NHEG A R R (AT R, BRI
AT E A O A IXURG: T | WA QI 2R L
I SRR A B AR PP SR 2 I PR 7 rh R L
TCRIG A A s Jy 2 200, SR, T T RS
A 15 A& TR i A AT 0 1 B A o

Z/NE O N U3 E 5 N A7 S A [ IR TR PN
(photoplethysmography, PPG) £ K 148 i ik i2 1%
R, AR A G R BIE {5 5 E A
5, TS PPG R 5 ) 7 1 U S RO A R
o B0 ARG ORAE T 343 B R A, i E S
Qb B 18 U S R BUAR AT 8 Jk 8 45 T I 1 1 U 2
B, RGPS E E R AN, I
A PN B R TR A TR, PRRIE IS
aiE R AR REALIZ TR IR A

1 HRSH%

1.1 EIEFRIE

AT A 2023 49 H~2024 4F 6 H FAt i
R RAARETTERL 122 CAG B3 171171,
A CAG B3 1724, 97 REAEARBE R e 2
Bt (EFEH LS . 2019BZHYLLO101), B
MR EE R, rafdRLEA G, A
BRI B B A
1.2 MANSHRRRE

PASRUEUT o a. 4F S 18~80 % . b. 524 :
HR A 1 o A Mo B S B2 o 18 M 2= 40 1
%, HIRERFFEE 6 H MU L. XTHE4L (Non-CAG
H): FrA X B2 H Y2 FIHAGIE E Gk A
KO BRIE R, g B S W A HERR 02 1 2= ek
R TEBIE T R BHAD I RN AR . BT L
BEBIESIER, TR, Wi, B, RO
PIPEIRAS . c. REMEHL G 58 Uiz kil .

HEBRARUE : a. J™F O R B 52 M [Tk S A DU v
PE; b ARSI 4 o P EL L FL B
A4 d. BKiZBdRE R R AME; e IR
RO N RGN 5 £ AVEIRYL s AR
Yl ; g. BB EORS PRSI IMA, IR IAREE |

BEAEIE KR 2E ST h B S 2 A )
Jihyed £ o
1.3 SHitRAE

MEPEZATE E RIS WriRkdE etz E R
PR A 2YT BRI (20254F) ) 7, B R
TR s A BRAARZE R, DLV E ke B
TRIMZH (8B R 0N s Jah
JPERA TR L) . HR kS MAE T (h
BRiZWr) HAH AR
14 HIFERESLHE
1.4.1 FdaRAERFE

KT AN ASRUER Z IR MEAGE, ik
AL AR AT, A2 AR S min, FRE P
FUE RN . Al R F A 2 5 6 Dk A A
[ISENR , ASBIFGE 4% RS — PR 24 R E RV BRI
BT, FEAESRIKe T EE “BALE
PIEUIK 2T 18T, S5 A9 BT FH AR sk a2 A3 i ] o >k
L%, BUEREFER, WG TFEHE, B
R AL RS AN DX 3 s SRR TIORS , BURSF ik, B
R Rl . B4 28 FLHIT3wELN
i, MERESE 40 s/, A5 RUEIC SR K BB fgs
MSH VEBUE S AR i — IR I 245 8
TIREo N, AE S 10%, Tzl i,
FFHEBRAETE O NED RE S8 A, BT A SRR I BE
P AT & & B S A Excel B8R, FHFIRS20HT .
142 (55 40F 5 S8R

ARG I 8 S 4% 2B h RN E
[ s, iR I SRR AR R AR I A T
TUGHE, WA NTREE SR . SRR AR
X0] 53 S0 B AT W 58 8 %) J A A . 45 i PPG
TSR B SRR AR AE PR 1) 1 25 12 AR A TP B 1) SR 4 Bsf
HFIIES . [Fo ASBARIGT, & TiE
Fra i, AP R L Bk B AR AR A RS
BRI S A RE s /ARG S &
IR, TR I A P e B AR e Ak
SN, PR IS AR IR S ARA, AR IR
B AMG TR T ARSI TRE SR R,
A KA TE AT 3R R — A BRI 5 Z i I 2
F, AR AR BRI T, BV n BT A
TSI EE RS . MEA IR, BB oM &
55 11 Bk 7 35 ARSI R 0% 24 98% 1) B hE
i, PUDAET 12 s ey E 2l Al g
TEREHRAE RGORE

TECIERN I, A A T A Mk o 4t 1)1
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W5 245 M SCHE AR Z (B X R HE SR 24 CO~CT 4K
TRLDEE . . Ba, e, g, §4.
MRZE | BEELE, ASWF 58 BTk F TR B O 4
(Pericardium) . K FANFZ (Liver) . 2/VH'E 4
(Kidney) . & K28 (Spleen) . F K [ Jifi £
(Lung) . B H 2 (Stomach) . /D FHHZ
(Gallbladder) F1JE K FHBEBEZ: (Bladder) iX 8 5%
ISR, RIS T R WU R S 2 4 rh 42
B, 7R S T AR R AN ST IR AR L 45
., NJELR PPG A5 5 R AR B R 226 280U 1 1Y
SEIR AR AT RERE S SRR S R PO B R
> R L A 4 5 B B PR -5 A 7 B R — DA
12 B 4/ Ry 322 Hr i il — 56 Tl - 45 i
SFPHEZR S H CO~CT7 XER [ 8 SR 24525

1.5 SitaAiE

151 MR SHEARREGE

AR W E A I 1, FEFS St e
SR R, SR ST S PRI 5 AR
(STROBE) 4 i Wi #E # ¥ oF 5% ) 45 M E
(STARD) F8RIMEOK, RAEZAAMITE, I
PN 343 BIFF AARE Z IR, E IR 4 3442
Zid BB KA KRB, R HA2 Wik s
WL 1BPEEA TR R 1716 (449.9%) FIHE
P PEZE AR R IR 17249 (150.1%) .

FEIE R AETT LA T, ARPE IS I kA 1
ROV RAG B T LA . FERURS BB, 8
1t e # CAG 21 54 CAG 417E 8 S & 4%l il 24k |-
()22 5, TF R LAY A I R o AR R N
(Cohen’s d), FLAICHf 22 1E 2CHF 98 ir T3 AEASEL .
FEAUN 0=0.05 . F 3030 HE A 80% HABE M LA A
AR, RAWISFEAR A5 TREAR
ANAE, T D R I A R A AR 4

Zi oot 725\
T per group = {z(d (1)

Hpr, dhyCohen’s ds Z,_,, "5 Z, o3 WA BRIEIE S
SIAAE 1-0/2 5 1-B 537 55 I FHE . B 0=0.05 .
1-p=0.80F, Z,_,=1.960. Z_~0.842, VI35
IR0 B d=0.608 HEATIHAR, 15 F PS5/ M
AR A3, Bt 86 Bl ABFIRIIRMA
343 32X, dmm T ERG A R NMEAR R,
JEEEGETT T FE A AR AS S R
1.5.2  ffiRtEge SR

JITA 26 245 VS R B HI Y40 BB AR v TR R 4R

TCHRIAE . 5L Shapiro-Wilk 6 56 J4] Wi 45 A5 £ 2
TMRMIEZ 435, P<0.05 #8  AS IR M IE 254375 o
ARG O R ORI T b 2R
(AR ), 56 IE A 50 A0 1) DL B e hr o 22
(meantSD) R/, ZH[H] LA fd FH M ST AR A ¢ K 3
(Student’s t-test) ; A AFFAIELSE, WA Mann-
Whitney Ut % #4720 0] b8 . 4328748 & (lndk
A LA (n, %) iR, dHE2E5%
FRITRS . FrA Geithe s 4Rk FOSUAG 55, 5k
FHIKFBE N 0=0.05. SICFIE, Frf &40
B SHAE BRI UEAT T Z-score brifEfL AL B, A
T BRAS R g By 52, B AT R T 5 2k R A0
R

1.5.3 22N

8 SR A L5 I Z 4K [R) 1) OCHK M >R H Pearson #H
Koo MOE R B 1|07, 0.5~0.7, 0.3~0.5.
<O3MKUE LRk, h. 55 LL RS G
PER BRI ,  P<0.05 FA Geit2#3E L. ¥
FHIC RECHE R T, BRI 226 (] (1)
[FI BTG HR
154  dm) 257508 RN R RSS2 H
RKEIE

a. IEBMER S . X & & %08 1 S Bk 1T
Shapiro-Wilk Kz 56, 1457 1E A 5010 & DL B bR ifE
ZhA, ABIEB A VAR (W50
IR 5 AH N 2 8] B A A i) SR FH L SE AR AR ¢ A 5 B
Mann-Whitney U5 .

b. 7522538 (ANCOVA): LR VORI AL i
/R CAG 415 Non-CAG A AF I A IE G it 2% 2 57
(P=0.022) . MFEHIFHIRARON , KRBT 22
SIFTIAR AL R S8 REIE 22 5, LB (CAG
vs. Non-CAG) MEEHF, FIE A EEIFIT5
THIE, RG4S SBRE G BB S AB N F 52
T,

c. ZHEWEKIE (FDR): MEhl ZE LK S
FEEE R BN, A5 8 SF R8I
Jiitif P{H % JH Benjamini-Hochberg (BH) 171
RIMFRIE, BRI m (KBS m=8),
P lh PAEFETHTHES -

P, <P, <- -

BH# 1EJ5 1) PERE LN

< P(m) (2)

Pg‘;'zmin{min(l,n,lp(j))}, i=1,-,m (3)
jzi ]

SRR PU<0.05, A 2 AT el
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X, Wik, ‘B Bonferroni A1 Holm-Bonferroni J5
A TEURE T, DA S5 R fil bk .

d. &N 1A (Cohen’s d)

SRy AL R 25 S B SEPRANV SR, AT R
Cohen’s d E Hr#EAL I {H 2 (standardized mean
difference, SMD)., WMAMHEARETH A n,, n,,
BHES MR X, . Xy, WiEZR S, S, GIFts
% (pooled SD) & X K-

_ = Dst +(ny, = 1)s3
Sp_«/ nl'*'”z_2 (4)
Cohen’s dilH& W .
_ Xl B Xz
d==5 5)
S AR HERRE : d)=0.8 KAV, 0.5<|d|<

0.8 MHEERIN, 0.2<|d|<0.5 K/ o
155 ZWrRETFAG

L Python 3.9 14 Scikit-learn F 3 Jy 3, % H
Z W & T AE ¥R 1E M 28 (receiver operating
characteristic curve, ROC) ML/ B 45
SHON CAG AR T, Bt IR A2 TAERE
fiE {li & F 1 X (area under the receiver operating
characteristic curve, AUC) J H 95% & 5 X [A]
(95% confidence interval, 95% CI) PPl H AR X
SELEE . RARAS R B X [E) 411, R H Bootstrap
HAEAAETTE (1000005 WHINA, AUCHE 0.5~
0.7 BN XA RE I BEMR, 0.7~0.9  RA4F, i 0.9
FAE . BEAh, Rb T LU B S AR AR AE R R
R R, AT — PSR 7 >95%
AT RBUREE, 2T R T RN L K R bR
FES RS TR PR A N A ORSF TAE SR, Wik
YER R A 5T A N (A
1.5.6 ZJCLogistic[l T #A 51F4

R JHL Y 45 4 45 2506 CAG Bl Sy 12 W 1) BTk
JER AT RedE mIZ WAk e, ASBIF9Y EE ST £ 9T Logistic
WA, DIgERRA (BHEERRESY 1, BIER0)
RRAS R, IS 8 KA BRSO HA R,
BB, A AR ARET I TR A
AbFH FH T A AR S AT A A S a2 W (.
M H G, MABAE T

P.
logit(P,) = 1n(1[;) =B, + B,Age; + B,ST, +

BBL, + B.LR, + B,SP, + BLU, + B,GB, +
B:sKI, + B, PC, (6)
/ﬁ\:EF' s Pi = Pr(Yi = 1|X,)%§i\‘% l%%ﬁt%j‘j CAG

FHPE g B % (=1 ~FBHME, Y=0 ABM), B,
BRI, B, - B M FREL ., BRAEISN, £ H
gt ARSHT AT Z PR fEfL AL B (B{EH=0. #5ifE
2=1),

K H Statsmodels JZE 1T 432 Logistic 7] 943
Bre DIRRRURIEAG TR 2%, GE A BlR LA 56
PSR AVRE IR R s 4% A R A a8 4o i
# it (OR), FF4fA 95% CT-5%UM P{E . R
4 JE R FH McFadden R*. Cox & Snell RZ M
Nagelkerke R*ffif e ; & Hosmer-Lemeshow 5 467
P w0 A R 5 S PR IR A — 2t (P>0.05 HL A H
BRI HHERILLME T, MRS T8 2W
IR (VIF), VIF<S $&/R ANfEAE™ H 2 bk
. )58 Bootstrap HAlAE (F 1 000¥K) Xf
]9 R HO% OR (kA TR a0, LA E oo vk Ak
1195% EARIX I
1.5.7  BMEARAL 5K 53 b

R AR I G i A TR A A [R]I R 7 52 R 1)
SEBRAIRE, I IR [ R R B (B 1 R
PRI, AWFGEAEZL IT Logistic [FI MR LR |, JF
— 3 FF R B LA 3 B S5 I R VSR 2653 #T

a. YR BURAL I E

BETHAIROC M4, B — 03450 e 1 (B X
N 255850 (Youden index, J=R B +4r 57
-1 DAZPEARE R HbR, Thagiitym X
Ry AR, e IR B A T R ) R
B RS M AR o BRI E R
R R S B ] (Y B AR B A o, 3 T A
iz 52k IR B2 Wiz st

b. KA N i 472 [

MR PRIA T 27 0 2 S0, o T B By 2
Hir & m/MEiwizZ., £ “TeRIvI- 5 5Eihie”
IR ISP HESR LR B >80% MR EAT:,
FENH A0 BT A B rh e R S5 B e e R R
KIUBENFER T 0HE BE, JF R T R
T SRR

c. LA

K 56 il £k 53 M1 (decision curve analysis,
DCA) X Ik A 1278 (1) 1l DR+ I 25 2F 17 1 AL PP A .
DCA i i 31 5 A [/ = {5 #% % (threshold
probability) T A EE (Net Benefit) , A5 i
RIS XA ZIAETT B BT & AT
sz E AT PR S ORI AT LA, s
A RIS B A AR R T b A i S 6 1)
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R 25 2 5% . HI s 2 XM . Net Benefit=TP/n—
FPinxp)(1-p,), H TP R EBAVERL, FP MBFHYE
B, n R EREARR, p N BIEEESR . iRt
T Python 3.9 528,
1.5.8 AR EREEIE

VAR BT A R Sz AR T, R
T2 U UE B AIVERESA T ol A 1. R
5 CAG 5 Non-CAG W /-4l HL ], K 343 il FE A<l
ML ERI 53R 5 AN B R T4, BRIk 4R 68~69
Bl HiEd, D4 BaEEBEMA £
Logistic [F1HIRY, Fl 45 1 PrdE R EEE T AUC;
TEHR SR, BT AUC I S kR

FREbRIESE (MEIAZE . r22H—) &4
WG LRIE, T RS EOT U5 725 e,
DLk G/ SRR o BL4h, SR A Bootstrap B R AR
AT AR MR IE . BRI, #E47 1 000 kA i [H]
FORFE, i Harrell 7B AGTHRULEE, BRI A 28 FEA
FWAUC 5FIAFEAR AUC Z 25034908 . SRR
1E AUC & XA REAR F 0 AUC I8 25 51 WL S48
iR T Python scikit-learn SCHE,  BlHLFP+
[ R 42, LIRSS R E

2 & R

2.1 ZiIXFELHIRHEIR

KT IA N 343 217, RS = 4 v
B (CAG) 4171 ] 518 P 2= 45 1k B & X6 -
(Non-CAG) #1172 5, AF W7 W 20 [a] 2 4 1E A 53
i, DA CRUMis, s ik,
21 8] L %2 % F Mann-Whitney U K356, 45 5% BN,
CAG AR T i 5718 (558, 65% ),
Non-CAG 4 N 56 % (43%, 62.5% ), MU
AR ZEREAGFE L (Z=2.294, P=0.0216),
HARFI N CAG 4 Z iR 4F I 2 1R 1% 5 T Non-
CAG 41 . PE5 4046 J5 i, CAG 415 99 il
(57.9%) . @i 724 (42.1%); Non-CAG 41 % 1
820 (47.7%) . LtEo0H] (52.3%). KITK K4
RR], WAER G 2R TG L (=
3.594, P=0.058), 1T W40 A0 716 i 3 2=
5, AAMPES], R R R AR S
B EZRAN R, Wik, fFRZa Rt
Logistic [MIHAAY, FEALAFEIB AT Ry DR 5 94 A LA
IEEXEIE SR TR (K1),

Table 1 Baseline characteristics of the study population

Characteristics CAG group (n=171) Non-CAG group (n=172) Statistic P value
Age (median (IQR)) 57 (55,65) 56 (43,62.5) [Z]=2.294 0.022
x>=3.594 0.058
Sex (n (%)) Male 99 (57.9%) 82 (47.7%)
Female 72 (42.1%) 90 (52.3%)

Age is presented as median (interquartile range, IQR), and sex is presented as n (%). The age distribution between the two groups was compared

using the Mann-Whitney U test, and the sex distribution was compared using the Pearson chi-square test. A two-sided P<0.05 was considered

statistically significant. CAG, chronic atrophic gastritis; Non-CAG, controls without chronic atrophic gastritis.

22 ZEEHEBEMEST

ML L5 WA S (B TR
8RR SR RIAEE S 4= H WA A P ) K
FHiER, Bk, B Ta%isRmmEE+o0 B
AR, HP.OoEL 5 T2 R EGE =
-0.72, ZEERENET HE OB AL” Hig, B
Z5Bks =-056) ., LBESKFL (=
-0.51), HRPERERMC, 5ZHx, Hos
RFAEIEAI K R, RIPRESER . I S s
EPEIEMHX (=049), #RITFR RS SRR
GAPEEMNRIC R, NG SR RIIR S EMK (=
0.31), BLAh, FBITLLEIR LD AR TS (Jr|<
0.3), MFL5Ms . HFa5ME%, fRixks

2532 HAMZR 8T ISEIR N, 25 BT, 2224 (A]
AIAEDCOC R ITARRENL, MRS . Al kiR
., bBiREE bR PR CAG A kSR
FHIEZEE T A
23 HABERSMEZELEKIE
231 IESMERR 5D RA R T

FPFAL S AR S BUE B IR IES 00, A
fif 5% K i Shapiro-Wilk #3685 47 4341 o 45 3R oK,
K2 S HUE CAG 45 Non-CAG 4 1 ¥ AN il
MIES 3 (P<0.05). B, ASF5R R A A 4L
K pusrfifE s (M (IQR) ) #fid %, HHH
Mann-Whitney U 5 55 i 47 20 [A] BLAZ F 53 A o 45
WoR, 8ARLHA 3 LA H MRS AN 257
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SP 0.14  -0.38| 0.00 gmWVM -0.04 -0.23 030 -0.09

-0.00
LU 027 -0.20 -0.07 —0.04 -0.23 —0.25
--0.25

PC 0.14 | 027 0.02 0.12 0.16
1.00

LR GUS 5 aeRioe 0.05 [-0.38 -0.20 0.07 -0.01 -0.02 0.75

KI 0.05 0.00 -0.07 -0.25 -031 -0.08 0.50

-0.25

Pearson correlation (r)

ST 0.02 0.07 [ -0.25 -0.23 —0.23 —0.13 ~0.50

GB 0.12 -0.01 -0.31 030 -0.25 —0.13 0.23 -0.75

-1.00
AT—
SP LU ST GB BL

PC LR KI

Fig.1 Heatmap of Pearson correlations for harmonic parameters across the eight meridians
Correlation matrix of inter-meridian relationships in CAG. Warm colors: positive correlations; cool colors: negative correlations. PC, pericardium;
LR, liver; KI, kidney; SP, spleen; LU, lung; ST, stomach; GB, gallbladder; BL, bladder.

BAGIFEX (F£2), Hif, BB
(P<0.001), HW MEEMZ (P<0.001) FIATZ (P=
0.014), #/RIX 3 KA LEIEFIE N CAG HYRFIETE

Pk R, MPEAESIT, g, B4, B
2 Wi MARZ S RA % SHOR W I E 4 25
(P>0.05),

Table 2 Comparison of meridian harmonic parameters in CAG patients versus controls

Meridian CAG median (IQR) (n=171) Non-CAG median (IQR) (n=172) Z value P value
PC (pericardium) -0.04 (-0.07—0) -0.03 (- 0.07—0) -0.435 0.663
LR (liver) 0.15(0.11—0.19) 0.13 (0.09—0.18) -2.454 0.014
KI (kidney) 0.05 (-0.03—0.16) 0.06 (-0.03—0.16) -0.063 0.950
SP (spleen) -0.26 (-0.33—-0.14) -0.26 (-0.34—-0.17) -0.238 0.812
LU (lung) -0.24 (-0.33—-0.11) -0.22 (-0.28—-0.12) -1.365 0.172
ST (stomach) 0.16 (0.02—0.33) 0.05 (=0.06—0.17) -4.865 0
GB (gallbladder) 0(-0.13—0.15) -0.03 (-0.24—0.17) -0.917 0.359
BL (bladder) -0.21 (-0.33—-0.05) -0.14 (-0.24—-0.01) -3.550 0

Because the meridian data is not normally distributed, they are described as the median (25th-75th percentiles) rather than as the meantstandard

deviation.

232 RZEHFFERIE ., ZHEAR 50T
JHEBRAE RS XL [E) 22 55 0 T, ASIFIE USRS
F S RIS T ANCOVA 43T (£3), 2 FDRAGIE
Ji, BaSERamanzERRR e, iy,
CAGHME A ZH W ¥ m THE CAGH (0.195+
0.018 vs 0.055+0.018, ¢ IF P<0.001), Cohen’s d=
0.594, J&PAERUN IR, R IZAEHKSET CAG
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Table 3 Analysis of covariance results for harmonic parameters across meridians
Meridian CAG Non-CAG F value P value P (FDR) Cohen’sd  Effect magnitude
(adjusted mean+SE) (adjusted mean+SE)

PC -0.040+0.004 -0.039+0.004 0.041 0.8395 0.8395 -0.019 Negligible
LR 0.144+0.005 0.134+0.005 2.052 0.1530 0.3059 0.153 Negligible
KI 0.089+0.013 0.067+0.012 1.520 0.218 4 0.349 5 0.134 Negligible
SP —-0.234+0.011 —-0.257+0.011 2.146 0.143 9 0.3059 0.160 Negligible
LU —-0.204+0.013 -0.193+0.013 0.338 0.5615 0.660 2 -0.065 Negligible
ST 0.195+0.018 0.055+0.018 28.697 0.000 0 0.000 0 0.594 Medium
GB 0.015+0.020 —-0.000+0.020 0.311 0.577 6 0.660 2 0.057 Negligible
BL —-0.183+0.015 —-0.104+0.015 13.837 0.000 2 0.000 9 -0.402 Small

After adjustment for age, data are presented as meantstandard error (SE). F and P values were obtained from ANCOVA, with group (CAG vs. Non-

CAG) as the fixed factor and age as the covariate. P, indicates the false discovery rate (FDR)-adjusted P value. Effect size was assessed using

Cohen’s d, with |d|>0.8, 0.5<|d|<0.8, and 0.2<|d|<0.5 indicating large, medium, and small effects, respectively. PC, pericardium meridian; LR, liver

meridian; KI, kidney meridian; SP, spleen meridian; LU, lung meridian; ST, stomach meridian; GB, gallbladder meridian; BL, bladder meridian.

Table 4 Single meridian parameters for CAG diagnosis: AUC and sensitivity at 95% specificity

Meridian  AUC AUC95%  AUC95%  Diagnostic Specificity Sensitivity at > Sensitivity Sensitivity Threshold

index CI (lower)  CI (upper) grade (target =0.95)  95% specificity 95% CI 95% CI (operating
(lower) (upper) point)
ST 0.652 0.595 0.707 Low 0.953 0.298 0.134 0.380 0.310
LR 0.577 0.513 0.637 Low 0.953 0.053 0.012 0.105 0.250
GB 0.529 0.468 0.587 Low 0.965 0.035 0.012 0.076 0.510
Sp 0.507 0.448 0.568 Low 0.965 0.035 0.000 0.117 0.040
KI 0.498 0.433 0.555 Low 0.959 0.058 0.023 0.111 0.350
PC 0.486 0.429 0.549 Low 0.953 0.047 0.006 0.094 0.040
LU 0.457 0.400 0.522 Low 0.959 0.029 0.006 0.076 0.170
BL 0.389 0.333 0.446 Low 0.953 0.035 0.006 0.082 0.240

AUC was derived from receiver operating characteristic (ROC) curve analysis. Diagnostic grade was classified according to the AUC value, with

0.5-0.7 indicating low, 0.7-0.9 indicating good, and >0.9 indicating excellent discrimination. Sensitivity was calculated at the operating point

achieving a specificity of at least 0.95, and the corresponding threshold is presented as the cutoff value. The 95% confidence intervals for 4UC and

sensitivity are reported. AUC, area under the ROC curve; CI, confidence interval; PC, pericardium meridian; LR, liver meridian; KI, kidney

meridian; SP, spleen meridian; LU, lung meridian; ST, stomach meridian; GB, gallbladder meridian; BL, bladder meridian.
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Table 5 Multivariable logistic regression for CAG (positive=1): standardized coefficients, ORs, and collinearity

diagnostics (VIF)
Predictor Standardized S OR OR 95% CI (lower) OR 95% CI (upper) P value (two-sided) VIF
Age 0.514 293 1.672 455 1.249 339 2.238 869 0.000 549 1.311 755
ST 1.205 592 3.338 735 2.216 078 5.030 127 0.000 000 2.024 567
BL -0.192 399 0.824 977 0.540 638 1.258 860 0.372 226 2.560 823
LR 1.126 113 3.083 647 1.944 995 4.888 897 0.000 002 2.377 464
SP 0.459 275 1.582 926 1.142 595 2.192 950 0.005 754 1.653 000
LU 0.366 811 1.443 126 0.999 935 2.082 747 0.050 041 1.832 400
GB 0.587 634 1.799 724 1.269 842 2.550 716 0.000 958 1.787 829
KI 1.769 648 5.868 789 3.181 033 10.827 513 0.000 000 4.038 173
PC 1.570 336 4.808 263 2.553 206 9.055 042 0.000 001 4.646 046

The dependent variable was CAG status (yes=1, no=0). Age and the eight meridian harmonic parameters were entered as independent variables after
Z standardization (mean=0, standard deviation=1). f represents the change in log-odds for a one-standard-deviation increase in each predictor. OR
was calculated as exp (f), and the 95% CI was derived by exponentiating the Wald 95% CI for S. All P values were two-sided. VZF<5 indicated no

substantial multicollinearity.

Table 6 Diagnostic performance of the multivariate logistic regression model for CAG identification

Metric Value
Sample size (V) 343
Number of predictors (df model) 9
Log-likelihood (full model) —-188.224 323
Log-likelihood (null model) -237.748 025
Likelihood ratio statistic (LLR) 99.047 405
LLR P value <0.001
McFadden R? 0.208 303
Cox & Snell R? 0.250 814
Nagelkerke R* 0.334 420
Hosmer-Lemeshow y? 12.503 081
Hosmer-Lemeshow df 8
Hosmer-Lemeshow P value 0.130 129
Bootstrap resamples (for robustness) 1 000
Joint model AUC (predicted probability) 0.791 106
Joint model AUC 95% CI (lower) 0.743 165
Joint model AUC 95% CI (upper) 0.835 002
Specificity at operating point (target =0.95) 0.953 488
Sensitivity at =95% specificity 0.403 509
Sensitivity 95% CI (lower) 0.257 310
Sensitivity 95% CI (upper) 0.497 076
Decision threshold (operating point) 0.749 315
AAUC (joint model-ST single index) 0.139 246
AAUC 95% CI (lower) 0.086 692
AAUC 95% CI (upper) 0.191 719
Bootstrap resamples (for AAUC) 1 000

Model fit was evaluated using the McFadden, Cox & Snell, and Nagelkerke pseudo-R? statistics and the Hosmer-Lemeshow test (P>0.05 indicating
good calibration). Overall significance was assessed by the likelihood ratio test versus the null model. Discrimination was evaluated by AUC. AUC
and sensitivity at specificity 295% were estimated using 1 000 bootstrap resamples, with 95% CIs calculated by the percentile method (P, ;—P,; ).
The maximum sensitivity, corresponding specificity, and threshold at this operating point were also reported. Incremental value was assessed by

AAUC (combined model vs. ST); a bootstrap 95% CI excluding 0 was considered significant.
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(a) ROC curves: all single meridians vs. combined model (b) Best single meridian (ST) vs. combined model with A4UC annotation
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Fig.2 ROC curves for single meridian parameters and the combined diagnostic model for CAG identification
(a) ROC curves for all eight single-meridian harmonic parameters against the combined multivariate logistic regression model. The ST meridian (red)
represents the best-performing single indicator; the combined model (blue, bold) demonstrates superior discrimination across the full curve. (b) Head-
to-head comparison of ST versus the combined model; the bidirectional arrow denotes the AUC increment (AAUC=+0.139, 95% CI: 0.087-0.192).
AUC<0.5 for certain meridians (e.g., BL=0.389) reflects an inverse parameter-disease association, consistent with significantly reduced BL harmonic
values in the CAG group. Bootstrap resampling (1 000 iterations); 95% CIs by percentile method. PC, pericardium; LR, liver; KI, kidney; SP, spleen;
LU, lung; ST, stomach; GB, gallbladder; BL, bladder.
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Table 7 Comparison of different threshold strategies for the combined diagnostic model

Threshold strategy Decision Sensitivity Specificity Youden index Clinical application
threshold
Specificity 295% (original report)  0.749 40.4% 95.3% - Clinical confirmation; strict control of unnecessary referrals
Youden index optimal 0.419 80.7% 62.8% 0.435 Large-scale population-based noninvasive primary screening
(recommended) (recommended)

Sensitivity and specificity were calculated from the ROC curve of the combined screening model using the full sample (n=343). The optimal
Youden index threshold (J=Sensitivity+Specificity— 1) represented the statistically optimal overall operating point and coincided exactly with the
recommended threshold derived from the “prioritizing sensitivity=80%" strategy for large-scale population prescreening. The result at specificity
>95% is presented only to illustrate the model's performance boundary under an extremely conservative constraint and should not be interpreted as
a clinically recommended threshold. Bootstrap resampling (1 000 iterations) was performed, and 95% confidence intervals were estimated using the

percentile method.
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Fig.3 Decision curve analysis of the combined diagnostic model for CAG identification

The x-axis represents the threshold probability; the y-axis represents the net benefit. The blue solid line represents the combined model; the red dashed

line represents the “Screen All” strategy (treat all as positive); the gray dotted line represents the “Screen None” strategy (Net Benefit=0). The

combined model demonstrates superior net benefit over both reference strategies across threshold probabilities of approximately 10%—-55%.
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Table 8 Internal validation results of the combined diagnostic model

Metric Value
Apparent full-sample 4UC 0.771
Mean 5-fold cross-validated AUC 0.753
Standard deviation of 5-fold CV AUC 0.04
95% ClI for 5-fold CV AUC 0.715-0.781
Fold-specific AUCs (Fold 1-5) 0.752/0.679/0.789/0.785/0.760
Mean cross-validated sensitivity (threshold=0.419) 77.20%
Mean cross-validated specificity (threshold=0.419) 55.30%
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Metric Value
Mean bootstrap optimism 0.023
Optimism-corrected AUC 0.748
Overfitting gap (AAUC) 0.018-0.023

CV, cross-validation; AUC, area under the curve; SD, standard deviation; 95% CI, 95% confidence interval. The apparent AUC refers to the apparent

AUC obtained from model fitting in the full sample, whereas the corrected AUC refers to the AUC after Bootstrap optimism correction. AAUC

represents the difference between the apparent AUC from the full sample and the internally validated AUC, and was used to reflect the degree of

overfitting bias in the model.

3 i’
31 FEHARAUSIGKENS

ARHFFELL CAG BF NXFTH, HTH55 PPG K
AR BT ., RG T IHINE B
SRR TR IR B A TR AR, 45 R, CAG
HIARBIR— 2K H, MR LU 28T
05 e VSR R AR A A O RFAIE - RIS 22 25 22245 1]
KA T . AT PA— 28 bR, ZUEREEK
AR B4 T A B X 0 BRE , $RRXT CAG
A1 JE KA TR, S R AR R A
T, AR S —FE AR FI T

ARG IIGRIRE N, FETFHER—FTiRA “T
Bl B B2 27 AR R E R T 7E
THETSY, BRES PG A F-AH L] 5 i B P
XA I R AR HEA T B RS, 10K N (31 18 BUSR
W . G RIS FH 7 S o Sy R 25 ThT - I s
RS BRR FH A 538 T4
32 BEHBHERTSINEE KN THTRERIE
FIBRE

MBRAR S B A B A BE A7, CAG Irs | &Y
HNERRKF AR, AR5 P AR v R B 4 G
W sh 12 S s U oG . dHZUR B uE i =
B, CAG B HBLEFEIRARZESE Y KT
NI RR AL R X s MR 1 2 T B UR R
Pl A AR TR T R, I T e S 2R XS i
VETER . EATFRIE I, REE R S R
FI ol AR FE AT LT A R AT LAY R R 4 Y, X
YL, CAG I Ppalify Jm iRl 2240145, Wl f
Wi o A IR R T BE S

Wang %5 4§ H 5 I YR OGS LR ELE A 2
BET A S H MR ETEHES, %P % RO
FIEAEZ) . Sl 2 5 2% B I R AR i Ry 2 [18]
AEAER, X —BE, JRias Bl gilrEsh

Jik 2 0 BT IR BT, A B ST AT I -2 2
SHEZR T, SHHIBIE IR 5 H 2 5 ROk
YIS, 24 B LA A PR B 03 117 HE BB
IS, TR I S R R R s TR, A
KA T 5 RFER, R A1 ik
PP R PRI S ARG A . ik, E AR
SRR AR 5 A1 JE KL 2 6], I — A AL
ZILEMERAE | SPEERBLT S H BN E 5 5 A8tk iy 52
I
33 FEEES “BBER" RUEFELMK

CAG 32 F AR I 57, $E R AR &R
SAR A SREYIME. PEESIN R, A
FAREN TR Wi, THEHSAIR, 1 EEkhbE
BEZ s, B =6, B8R TR, (5
W& f Rz ng, KN E”, MEEE, W
SR G, AR BRI SRSRH A B ) o i R
B, WERmEERE ., S5MREE0NM, B
FARWHR, WUARGRRETIRE NI, BB st
Wk SZ Y, HAWIIE BB RE ) B T %
H CAG [ &R 5K RE B2 1 B A B2 3Ll
HEEIGRIAYT Z 806 2P MIa I, 7Erp
Rl e R i . BRBER, AR B
FFAEZRATHERE ), 25 b, AW CAG BG4
W mE AREE, S B g, ER#TT B
Bl A
34 BREBEMENREXBEEN “KEIRSE.
FHRERE” FwHl

AT IR DFRREESGS R BN, CAG L 2
P 2T . BRI R F AR, %
ZERPER, CAGIFAER IR T B Rt s, 1
AR b s R w5 eGSR, AP ERES
FEEHEN, B2 S5BERANR AL L, AR
W OCARBARSE . AR BRI L. R
Uiaesz e, SRR, [RUMERNR, 5%



2026; 53 (5)

FaFE, & ETEKEFENEEEREEERTEIRERAR

*1189-

KTAR; FIRRARERACHEL, BRI i
MEEAER T N AR B 4, SRR etz
Pl SRIAENT, BaaRBThE, B R
AR g 1 e X BIDIR A A — 2 )UKk, Rtk
NRKHZ, E-B2Z3, FEPHI, HEiokr
WA, WS BRI AL P AL - TRARIR AT AR
o Lil, BRI SHEMARERAA SR, n]
LR 0] CAG A HEARSE | THFEE2R I 0 AR L P
o, R 1 T A T 2 i R A S i
— Ak,
3.5 HETURFRKRBIERERIESEE

SRR A WA RS A AR AL R G
2e5t, AROEARRIRARNER A, HRBZERHEEK, X
FW B B RFIE T T CAG A28 B ST A= W) b
W, S D) AR 73 25 o R e B B A 3L A]
A, SiahERE, I AEE AT L
AT A RE

(R - ek 8. “BAFMENZ",
TR G B PEBE TS RSN . BB P AT S P A A 22 0
TIIRERAL. BURIIFEIESE, B E AR 35
REMF N RIEAMBAIERS, FAkeD Rl
il S RAENL, [RS8 @A G 2
128 Jo B A AR AS T, A0 Ml - Bl L e 4 AL
REFC AR . G H 5 MR R T R 2R
AR B ER . T EERLA T, KIS 551 AT
SRS | BRI, ARARRe L, HE—2D b AR ZE
I =t AT

PaEAE , 22RO Eh 2 S e A
AT B AR . FE AR P, R H AL T
Kgiitt, Z AR L . HFE AR B Bt
W, Hradifen] BARAERIT; BEWRITIE, I HE
TUR T B AL BRI, 7 B e PR 3
Femph EACE, XL, WS B T
PR bR AT ] AR AR BRI Bk, AR
B, B EtEskcE, Jokdh CAGHEE |
RS I 228 BHRR R .
3.6 2% X EIR TN 2 4 8 59 B 5
HRFE

BRI 2SR EUE SN, AT L
2, ZHZA R B ST N A A B
ARG PN Z FIE ARSI, X —45 R U],
CAG Xif i 1) K A3 57t 6 R AR RS B, i 2
JIEMRS T DR RI A 24 | AQE AT SR S R AR AR
GErEE MR SMEREL

Hrp, M5B8 B EnMe, 59K
CDEARKE” WILEERE . R (IEUESE
R - Bo95) Rl “RORIK, OBEASE, b
TS, MyaHAT, IR E LA, O
B KR GEZ 0, T AR A RS . PR
MR Bt kE, MU U Remifs, Hosi
—HPLEL RS S5 Y, S
[, e e B W35 0 7 568k, nT
‘PRI T RIS ISR KGE T BN DL AR
B, MiCEREARE, WK, . R,
T HRTEEAB T S AR 2 AR A A A B Bl
P

gL, 4R SCHK W 45 1 S TR 0 — A E
St: CAG YA B AR B —E MR (% Sy RS A2, i 2
IR EIIREER AL ML . RS IR R
i, AW AT 2 KIS T A A
PRAL T HL A B ER AR
37 REESSERERERNSEITERERE
Eita X

ARG KB, WGBSR E S 2
HZE T S RAFAEZE S, IR IFHE TR
FAFTEL, ATl T 24508 i A R N B Gk . B
[ B B AT RAAE . BRI ZE A3 Hr S i 5 4 B — 48
PRSP0 1) IR, 1 22 PR AR n] [] 25 1 A
RN E, JFRE RSB E T,
HEVUI S FR PRSI ZWN e, R, PSP sl
BB, B&MENGT 2 55 k.

PIBMeZe o). SAP e s, A E) 22 547
BA Y it %5 L (P=0.0002), HIEZHK
Logistic [MIHBIAY ORI 2% (P=0.372), #F—2
AHSEAE T s, BRI 5 B A1 i i A oG
(r=-0.557), i 8§ 4025 5] CAGRURE fe LAY B 42
IgbR, MELMARIEERS, B S5 P% 0
IR A R BGEIE TF (r1=-0.022, P=0.679),
XRIAEIE AR R R A A A 25 5, &
POk A S E 20 R BRSRE, I HA&IST 1
BWiEkhE. M, OELRE A RRE TR
UL AR 22 5, HifE 2 R R R AP
WA (OR{Er5 4 3.37 713.89), HWIELAE
FEEAAE (=-0.723), BERWLEGFERREIL
ARSI RN A L . XELL
s A ZHERR)S, TRAE R0 1R
KIE, % M5 CAG B ST AR vl A 50™ o

WIS KR, CAG A4S 5w, &



<1190 EMUEEEYIEER

Prog. Biochem. Biophys. 2026; 53 (5

ZHRAKILNS Y | BERESRENZAEHRN,
SEBHIA B 2 DB R A% O B, R BH B 2
FREGS. BEPIMETH, ARHRGEETH,
R AL ) AN SR PR T B — WA, 8 iU i
5 2 TR, AT AR AR S R BHAAE
TREMIMEGEERNE, —FH BRI, PE—
A EIIE CAG RIS 5 5 IR T 4 B IR AL AE 1 3% 4
PEEAL. DU STENSEAR L, RS 5 —
BN . TR DL EEOH, B
/DB B ST R RS OC, 3 Eh R4 ROk KAEALS
AR R AR . IR RBEIET, CAG H A I
S PIRE . MR FAE S AL, IER G, GO
26 55 B ] e 22 R R AL ARk ST (9 3 S WS
B, wmE i, CAG A5 Bk D e 3,
EWIEEET, BRI MR IHNEES
R,
38 SREBESEANISHMNE. BEEERIE
PR 3

AWFTELER T, B — LIS PAE bR 1) S 3154
REAATEI R s MRS IR R 52 R A% S
AR EC A AL, n] B R TR X e Sy, H
AUC BT ARBAFEFRAETE 0.139, %45 F 5 = s 4k
PRIERAZ.C AR RS, WS EThM,
mrliEf, HRUTHREZ AL, b PATHEE O il
BH, FUABAIF SR, 4B LAE S b 3%
FRUER, S ML B AE 2 W A B Bl R B
Bl (R - AR B PR N AN,
FEAZE”, B A B S e e 0T 7S i
IS FAT. CAGHRI BAES , (HHSGHLIE A If
SRR T M B, FUErT I, 2RI AR R
RENS S P A 2 W AE R RE , a5 v R e A
WP 2% . RS S 2 R R AL

TANFEUCR IS, BRI B R B, I 2445
B SR R I 5 RIGIE AL, AT B R
>95% FFEARE /1T, BAE I M AR T RN Y
BORIPERE PR, XPRZ I R ™S P B BRI . A
WEEES I N TR . TEILIREAE T, BeA s
TRUREE R 40.4%, AR HBE AR, B, %
ZHEERGE I TR P s S5, JEA
15 G A A K FETC B W) 0 B AR T 1R R I 7 AR
WA -

SRy 4 T DA A Y 78 R[] s PR 3 3 Hh 4 82 A
H, AR E—P 8 A B ERAEB E S R
MR RIFLES T, RN, ARG FE N

0.418 5, XF W HURE 80.7% . H¢ 5 62.8%, #1%
F6400.435, M TR 295% 9787 2 Atk
ZaE ML BRI TR AR YT, RN TRIZ %
H T 60% V& 2 19% A4, ERMESRREZ
[ SR B

ARSI B E, ARG A
{H, B8 AL ISR - B2 1 o Pz T i
W B A% 0 Bs, fETRABREFINEGEA
B PRIRIRIE XS, BRI N TIE B B S e B
TR FEICN FHATHE T, 80.7% MY HUSE RERS
TRBE4E K 240 CAG (= fa /B WA A, Jead 4l
NG SRR 5 1T 62.8% AR B B2y e —
FE LB R BB R o i, T R AR 2 — P 2
¥, (B ANBRGERITRA AL DA T, 2K
B Kb F n] 4257 X [

PR M T g SRt — 2P IR T Fakshie . 1
5 {ELHE R 10%~55% AU X BIVE N, 244G A
RIS RS, AL T 20 B s 550 e
i 2 WA AR i X BB O . T B B A I FE
0.418 S4b, HIRLAHINEE T35 0.268, 4 b3 h £k
M EALSE X, BN 100 44 A it 4, %
FEORY BT S FOALREZ) 26.8 YR AN DAL 12 AE B 5 kG
. ZE LA, TERAIRTE . B SR ETIZ
SFIOSITET, AR ERIS B, B
£ ARG RS (B S5 381 .
39 MERBRME

SR AT UE IR AR LA R A A 1 1)
RRE, A BIE DLt B IS B4 5 1Y N R R
5, BHFREG58 B #1355 Ih RSMEA FE AR 47 1 )R
MR, &%, RFRMAFEART T - 1, BIK
TR L2 49.9%, T REAS S5 K A B AR Y
YIRS A X A A, 35558 4 XHE 10%~
20% MY ELSE R SRS AP E I w22 . AR R BN
SR R BURE S5 RERE, (A S HEEE
PR BAPESEEK . I, FEAEEAH RS 1) 1
BRI, AER T — R A 37 5 i S2bR
MAe. GG REBEILRERNE ST R, Y
N RBP4k DX KSR, SR B T
(S BREAL, BRI R T (PR
S1), LA15% NHERRR RG], AR P S0 (A Sy
27.7%, FAPEBNAE AT 35 94.9%, X B E 7E AL X
Tttt , BRGAHYER, HICAGHI AL
AR A I, TR v N HERR R
B, 25 L, IZERENCERRREA A, S AK



2026; 53 (5)

FaFE, & ETEKEFENEEEREEERTEIRERAR

*1191-

55 P37 AN s e 1 | I = ST E | B R G
Wr T H.

AL, AHERORRIEL, b2 s FH s ]
Wz, WIS ENNGERZ I, S
AR R 7E15% MAREIR R AT, BH A
EXTG 2 31.6 N BB BAPESS 42 R 2t H 5
2, W22 2.9 5 TAEASBE 580X > BE LAY
FEARSET, BRI ANECR 18.6 N ik —25 70t
Y, AEAUTE LS X A 5t T i SR i B 7 98
e, =@ TAMRHEEAZSE T ALK dHIaT
U, AR B PRI MO A, S BEAUREE BURRE |
FES BRI HEAA A, T4 G B AFE0 B
RALAHE,

ABIFGE (AR GoAE T AR SARFE SO [ P A5 A
JE, R B AT XEIES Bootstrap Ak WL 1F 45
RPN, BAEIAS G R ERM (AAUCS
0.023), FEMERLF, (0 EIRTBAUS T A EREIIE
JoBE, MELLTE S RURER IS | (AR . BRI
G —EERE S ARG, B, 2
TEAFIHBSARE . 228000 28 S 22 A i IR 3 55t
HNZALRE ST, A FRERFEZ e il ST BAB I R i
MEVERTSY , SERUIMIRERIESS , Al — 20 A
ST ME

4 B4

AW 98 5L T 48 Uit PPG 2 2838 U B e, ko0
CAG BB B Ak s . e 2 B R AIK A
LSRR IBARRE, S4B AR R HIRRE
T2 —F8h5, H CAG LAIWITHHL AL T £,
ZAERAE R “TORI 05 - B B2 BRI E AT
TH, AN E B RIS, 5 e £
D RTIEVERF T UFR AL (e, 254 B RN R
WERE, #AZHhEGEE, RIEAYERE, Bhh
RIS AL S5 AR LR R

Bt UWLASCMZE R (http://www.pibb.ac.cn, http:
//www.cnki.net ) :
PIBB 20260101 Table S1.pdf

BRI RS AT b Ao A i K il
L ARAE A BIZOR , MOBTRAEE AR
z % x Wt

[1] Wang L Y'Y, Sze W K, Bau J G, ef al. The ventricular-arterial

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

coupling system can be analyzed by the eigenwave modes of the
whole arterial system. Appl Phys Lett, 2008, 92(15): 153901

Wang LYY, JanMY, ShyuC S, ez al. The natural frequencies of the
arterial system and their relation to the heart rate. IEEE Trans
Biomed Eng, 2004,51(1): 193-195

Wang Y Y, Chang S L, Wu Y E, ef al. Resonance. The missing
phenomenon in hemodynamics. Circ Res, 1991, 69(1): 246-249
Wang G C, Wang S H, Liao K M, et al. Development ofa modern
pulse diagnosis using harmonics analysis of arterial signals. J Artif
Intell Med Sci, 2023, 4(1): 3-11

Lin Wang Y Y, Wang W K. A hemodynamics model to study the
collective behavior of the ventricular-arterial system. J Appl Phys,
2013, 113(2): 024702

Lin Wang Y'Y, Wang W K. Anatomy of arterial systems reveals that
the major function of the heart is not to emit waves associated with
the axial blood motion. J Physiol, 2014, 592(2): 409

Lin Wang Y'Y, Sze W K, Lin C C, ef al. Examining the response
pressure along a fluid-filled elastic tube to comprehend Frank’s
arterial resonance model. J Biomech, 2015, 48(6): 907-910

Lin Wang Y'Y, Wang W K. Why the cardiovascular studies should
start with the radial oscillation of arterial wall rather than from
axial flow motion of blood. Int J Cardiol, 2019, 274: 303

Jiang Z, Zhang D, Lu G. Radial artery pulse waveform analysis
based on curve fitting using discrete Fourier series. Comput
Methods Programs Biomed, 2019, 174: 25-31

Young S T, Wang W K, Chang L S, et al. Specific frequency
properties of renal and superior mesenteric arterial beds in rats.
Cardiovasc Res, 1989, 23(6): 465-467

Young S T, Wang W K, Chang L S, ez al. The filter properties of the
arterial beds of organs in rats. Acta Physiol Scand, 1992, 145(4):
401-406

Hsu T L, Chao P T, Hsiu H, et al. Organ-specific ligation-induced
changes in harmonic components of the pulse spectrum and
regional vasoconstrictor selectivity in Wistar rats. Exp Physiol,
2006,91(1): 163-170

WangYY L,HsuTL,Jan MY, et al. Theory and applications of the
harmonic analysis of arterial pressure pulse waves. J] Med Biol
Engineer,2010,30(3): 125-131

YuGL, Wang Y L, Wang W K. Resonance in the kidney system of
rats. Am J Physiol Heart Circ Physiol, 1994,267(4): H1544-H1548
Wang W K, BauJ G, Hsu T L, et al. Influence of spleen meridian
herbs on the harmonic spectrum of the arterial pulse. Am J Chin
Med, 2000, 28(2): 279-289

Hsu T L, Chiang C, Wang W K, et al. Pulse analysis as a possible
real-time biomarker complementary to SGPT and SGOT for
monitoring acute hepatotoxicity. Toxicol Mech Methods, 2003,
13(3): 181-186

Wang WK, HsuTL, Wang Y Y. Liu-Wei-Dihuang: a study by pulse
analysis. AmJ Chin Med, 1998,26(1): 73-82

Wang W K, Hsu T L, Chang H C, et al. Effect of acupuncture at
hsien-ku (st-43) on the pulse spectrum and a discussion of the
evidence for the frequency structure of Chinese medicine. Am J
ChinMed, 2000, 28(1): 41-55

Wang Y'Y, Sheu J I, Wang W K. Alterations of pulse by Chinese
herb medicine. Am J Chin Med, 1992,20(2): 181-190

Wang W K, Hsu T L, Huang Z Y, et al. Collective effect of a
Chinese formula—a study of Xiao-Jian-Zhong-Tang. Am J Chin
Med, 1995,23(3/4):299-304



<1192~

EMUFESEYIRHR

Prog. Biochem. Biophys.

2026; 53 (5)

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[33]

[36]

[37]

Lu W A, Wang Y Y, Wang W K. Pulse analysis of patients with
severe liver problems. Studying pulse spectrums to determine the
effects on other organs. IEEE Eng Med Biol Mag, 1999, 18(1):
73-75
Wang W K, Hsu T L, Chiang Y, et al. Pulse spectrum study on the
effect of sie-zie-Tang and Radix aconiti. Am J Chin Med, 1997,
25(3/4):357-366
Wang WK, Hsu T L, Chang H C, et al. Effect of acupuncture at Tsu
San Li (St-36) on the pulse spectrum. Am J Chin Med, 1995, 23(2):
121-130
Wang Y'Y, Wang SH, Jan MY, et al. Past, present, and future of the
pulse examination (mai zhén). J Tradit Complement Med, 2012,
2(3): 164-185
Sugano K, Tack J, Kuipers E J, et al. Kyoto global consensus report
onHelicobacter pylorigastritis. Gut,2015, 64(9): 1353-1367
LiY, Xia R, Zhang B, et al. Chronic atrophic gastritis: a review. J
Environ Pathol Toxicol Oncol, 2018,37(3): 241-259
EPIT*EL@E%?—‘%(EHQ RGBT B AR
R BE LS G897 K ILAR (2025 4F). o E T A A T
ﬂ:mu 2025,33(3): 1123-1140
Digestive System Diseases Professional Committee of Chinese
Association of Integrative Medicine. Chin J Integr Tradit West
Med Dig, 2025,33(3): 1123-1140
Hsiao K'Y, Kang J H, Wu Y S, et al. Peripheral pulse harmonic
analysis and its clinical application: a systematic review. J Tradit
Complement Med, 2024, 14(2): 223-236
Wang W K, Tsuei J, Chang H C, et al. Pulse spectrum analysis of
chemical factory workers with abnormal blood test. Am J Chin
Med, 1996, 24(2): 199-203
Huang Y C, Chang Y H, Cheng S M, et al. Applying pulse spectrum
analysis to facilitate the diagnosis of coronary artery disease. Evid
Based Complement Alternat Med, 2019, 2019: 2709486
Liao KM, Chang C W, Wang S H, et a/. The first harmonic of radial
pulse wave predicts major adverse cardiovascular and
microvascular events in patients with type 2 diabetes. J Diabetes
Complications, 2019,33(11): 107420
Zhang C K, Liu L, Wu W J, et al. Identifying coronary artery
lesions by feature analysis of radial pulse wave: a case-control
study. Biomed Res Int, 2021,2021: 5047501
Chen CY, Liao KM, Wang S H, e al. Non-Invasive radial pressure
wave analysis may digitally predict women’s risks of type 2
diabetes (T2DM): a case and control group study. PLoS One, 2021,
16(10):0259269
Liao K M, Chang C W, Wang S H, et al. Risk assessment of
macrovascular and microvascular events in patients with type 2
diabetes by analyzing the amplitude variation of the fourth
harmonic component of radial pulse wave. Physiol Rep, 2019,
7(19):e14252
Liao Y T, Chen HY, Huang C M, et al. The pulse spectrum analysis
at three stages of pregnancy. J Altern Complement Med, 2012,
18(4):382-386
Lin S K, Hsiu H, Chen H S, et al. Classification of patients with
Alzheimer's disease using the arterial pulse spectrum and a
multilayer-perceptron analysis. Sci Rep, 2021, 11(1): 8882
Cox J R, Akeila E, Avolio A P, et al. Validation of noninvasive
derivation of the central aortic pressure waveform from fingertip
photoplethysmography using a novel selective transfer function
method. Pulse (Basel), 2024, 12(1): 95-105

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

(511

[52]

Hellgvist H, Karlsson M, Hoffman J, et al. Estimation of aortic
stiffness by finger photoplethysmography using enhanced pulse
wave analysis and machine learning. Front Cardiovasc Med, 2024,
11: 1350726

Saha M, Xu M A, Mao W, et al. Pulse-PPG: an open-source field-
trained PPG foundation model for wearable applications across lab
and field settings. Proc ACM Interact Mob Wearable Ubiquitous
Technol, 2025, 9(3): 1-35

FRAR R 2R 2 THAL NS o 2 VRS SR N BE 5B O b i
Lty Bk AT RO . P AR AR N B2k, 2004, 21(2): 77-78
Chinese Society of Digestive Endoscopy. Chin J Dig Endosc,
2004,21(2): 77-78

Botezatu A, Bodrug N. Chronic atrophic gastritis: an update on
diagnosis. Med Pharm Rep, 2021,94(1): 7-14

Wang Y R, Yan X E, Ding M Y, et al. Research on the signaling
pathway and the related mechanism of traditional Chinese
medicine intervention in chronic gastritis of the “inflammation-
cancer transformation”. Front Pharmacol, 2024, 15: 1338471
Fornasarig M, Capuano A, Maiero S, et al. pCLE highlights
distinctive vascular patterns in early gastric cancer and in gastric
diseases with high risk of malignant complications. Sci Rep, 2021,
11(1): 21053

Song Y, Yan J. Case Report: Novel endoscopic characteristics of
early-stage autoimmune gastritis from two cases: the fog is lifting.
Front Immunol, 2025,16: 1550919

Shen X, Gao X, Wang L. Intestinal aging-related immune
dysfunction: mechanisms and interventions. Acta Biochim
Biophys Sin, 2026, 58(1): 183-200

d S, B, R, 45 RO BARAE T g IR
TEPEZAEE B A5 . WS [ B [ 25,2025, 36(24): 4765-4768
Meng HY, Lii W L, Huang C Q, et al. Lishizhen Med Mater Med
Res, 2025,36(24):4765-4768

POLAR, B [E A%, £4l, 55 NI K AR PSR e 1
RIS PR . AP BE 2R 2% 42, 2025, 48(12): 1715-
1723

Rao X J, Huang G D, Wang C, et al. ] Beijing Univ Tradit Chin
Med, 2025, 48(12): 1715-1723

Rhee S H, Pothoulakis C, Mayer E A. Principles and clinical
implications of the brain-gut-enteric microbiota axis. Nat Rev
Gastroenterol Hepatol, 2009, 6(5): 306-314

XTI, sk, Brt i, & BT bR 228, in i isih O
B LA E . b EE2E1], 2025, 40(9): 190-193

Liu J T, Zhang H, Ruan Z C, ef al. Acta Chin Med, 2025, 40(9):
190-193

Wit S48, R4« bR S in H i BRI 5 (15 9 2%
FRIE). FERHEE 24, 2019,12(9): 1328-1332

Chen N N, Meng C P, Guo H. Glob Tradit Chin Med, 2019, 12(9):
1328-1332

TRATH, EHA, MR, & EIA H 1R B a1
rh SR A R B I PR LT T Y R 24 KA 2R, 2020,
44(5): 447-450, 454

WuZlJ,Wang B C,BaoKY, et al.J Zhejiang Chin Med Univ, 2020,
44(5): 447-450, 454

AERL, HEE I, AT, A N TT RIS SR AT 0 2 1 2 A <
ML rhAerp EE 25208, 2022, 37(5): 2436-2439

Yang C Q, Cui Y K, WuH Z, et al. China J Tradit Chin Med Pharm,
2022,37(5):2436-2439



2026; 53 (5) KRB, & ETEKERFENBEEREE XL ARERAR -1193-
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Abstract  Objective  Chronic atrophic gastritis (CAG) is usually diagnosed by gastroscopy and
histopathological biopsy. These procedures remain the reference standard, but their invasive nature and resource
requirements may limit their use in large-scale population screening and repeated follow-up. A convenient and
reproducible method for noninvasive auxiliary screening may help identify individuals who require further
endoscopic assessment. Fingertip photoplethysmography (PPG) provides a noninvasive recording of peripheral
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pulse waves and allows harmonic features to be extracted from the signal. In this study, the so-called meridian-
related variables were defined as PPG-derived harmonic parameters labelled according to meridian nomenclature,
rather than as direct measurements of meridian physiology. This study aimed to compare these harmonic
parameters between patients with CAG and non-CAG controls, identify parameters that remained different after
age adjustment, and develop a multivariable model for noninvasive auxiliary screening and pre-endoscopic risk
stratification of CAG. Methods A total of 343 participants were included, comprising 171 patients with CAG
and 172 non-CAG controls. CAG diagnosis was established using gastroscopy and histopathology as the
reference standard. Fingertip PPG signals were collected using a PPG-based pulse acquisition device. Eight PPG-
derived harmonic parameters labelled according to meridian nomenclature were extracted for analysis. Between-
group differences were first assessed using nonparametric tests. Age-adjusted analyses were then performed to
reduce potential confounding by age. The false discovery rate (FDR) method was applied for multiple-comparison
correction. A multivariable logistic regression model integrating age and multiple harmonic parameters was
constructed. Model performance was evaluated using receiver operating characteristic (ROC) analysis and the
area under the curve (AUC). Internal validation performance was assessed using stratified five-fold cross-
validation and bootstrap optimism correction. Threshold performance was examined using both a high-specificity
strategy and a Youden index-based cutoff. Decision curve analysis was used to evaluate the model’s net clinical
benefit across a range of threshold probabilities. Results All eight harmonic parameters were non-normally
distributed. In the univariate analysis, the stomach-labelled harmonic parameter (ST), bladder-labelled harmonic
parameter (BL), and liver-labelled harmonic parameter (LR) differed between the CAG and non-CAG groups.
After age adjustment and FDR correction, only ST and BL remained statistically significant. Compared with non-
CAG controls, patients with CAG showed higher ST values and lower BL values. This finding indicates an
associated differential harmonic pattern that was not fully explained by age distribution. However, the
discriminative ability of a single harmonic parameter was limited. The best-performing single indicator was ST,
with an AUC of 0.652 (95% CI: 0.595-0.707). The multivariable model integrating age and multiple harmonic
parameters achieved an AUC of 0.791 (95% CI: 0.743-0.835), representing an improvement of 0.139 over ST
alone. In internal validation, stratified five-fold cross-validation yielded a mean AUC of 0.753 (95% CI: 0.715-
0.781), and the bootstrap optimism-corrected AUC was 0.748. These results suggest that the model retained
moderate discriminative performance after internal validation.At a specificity of at least 95%, the model achieved
a sensitivity of only 40.4% (95% CI: 25.7%-49.7%). This high-specificity cutoff may be suboptimal as the
preferred threshold for an initial screening setting because of the potential risk of missed CAG cases. The Youden
index-based optimal cutoff was 0.419, corresponding to a sensitivity of 80.7% and a specificity of 62.8%. This
threshold may better match the practical aim of noninvasive auxiliary screening, where sensitivity is usually
prioritized to reduce missed cases. Decision curve analysis showed that, within a threshold probability range of
10%-55%, the model provided higher net clinical benefit than the reference strategies of recommending
gastroscopy for all participants or for none. Conclusion Patients with CAG showed associated harmonic
differences in fingertip PPG-derived features, mainly characterized by higher ST and lower BL values after age
adjustment and FDR correction. Compared with a single harmonic parameter, the multivariable model showed
better overall discrimination and retained moderate internal validation performance. These findings suggest that
PPG-derived harmonic parameters labelled according to meridian nomenclature may provide auxiliary
information for noninvasive auxiliary screening and front-line triage before gastroscopic confirmation in CAG.
The present results support further validation rather than immediate clinical implementation. External validation
in independent, multicenter, and preferably prospective screening cohorts is needed to assess the model’s
generalizability, screening performance, and potential clinical utility.

Key words chronic atrophic gastritis, photoplethysmography, meridian-labelled harmonic parameters,
noninvasive auxiliary screening, pulse diagnosis objectification, artificial intelligence in TCM
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