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Abstract

Objective: This study systematically delves into the potential causal correlation between GERD and
AP, employing the two-sample Mendelian randomization (MR) methodology. Methods: Employing
the Inverse Variance Weighted (IVW) approach, we derived causal inferences. A suite of methodol-
ogies, including Mendelian Randomization Pleiotropy Residual Sum and Outlier (MR-PRESSO), Sim-
ple Mode, Weighted Mode, Weighted Median Estimator (WME), and MR-Egger regression, was uti-
lized to increase the robustness of the results. Results: Our analysis identified 80 genetic variants
robustly anticipating GERD onset, meeting stringent criteria (p-value < 5 x 10-8) and demonstrating
independence (12 < 0.01). Causal-effect estimates derived from the IVW model indicate a statisti-
cally significant association, demonstrating GERD’s marked link to an augmented AP risk (95% CI =
1.402~2.029, OR = 1.6870, p = 2.940 x 10-8). Conclusion: In summation, our MR exploration yields
robust evidence supporting the presence of a causal relationship between GERD and AP, as well as
for multidisciplinary individualized treatment of GERD and AP.
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1. 53|

B A8 [ % (GERD) & — P A A i, 040 o1 B N A IR B & 5 M S 4 A e, nTLLE
TEREIR . N BB A 2 Bl AR A EE SR A, IF S RRAH DGR ER[L] [2]. B A IR I B LR
Wz —, BB THE 2000 RGHATSE FE R 4E A [3]. GERD 52 MomMx, MAREERG. &%
6 97 RS I L v R 9 R 5 0 T R I Bl R (M8, R K At S ) RN B — AR EL A FE 2K 1 (DG BI AL 1)
P 51 EE[4] [5]. BEAh, GERD HEINEE MR, WHARCISIEMGRE . A7 L 5552 50 NI R HR P IR 2
{5[6]-[8]. {HVERMISE, GERD 5EER&H (BE)A RmICES, BE ZMAEFI & & IRk, Fril
AR B, R « AAF A IR B AE9]-[11]. GERD ML BB SN RILKI i KR 58 T
FRE W B R, SR T PRI SR LB I E B, DA U AR YT .

UM R 98 (AP) 2 B i DL 75 LR ST TR AR, AERAE R %N 0.034%, HL BB [A] 30 - T
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s, K2) 15%~20%[11 7™ 5 AP il N B SR e E[12]-[14]. AP RSB HLEIES R IR iR s, X
LG A2 A3 WA SR IR R SR AR 2 i 43, S BUBR AR B R (A S R AR, 51 R — R B B MAR Gk
KL WK RGNS P . R, IX— B N 5 U R S 5 ) B ARTEAG[15] . AP IR BT
BE VT T AR T HOR N, T B R AANEAL R A B 5 3 B e O IR IS T ) S8 A RL VA T SRS AN
TG BA B X [12] [16]. KIEE K A AP SR K AFERAE . RHZS A i H I =8 D& Hofh s &
PERRR . SRTAT, VR BRIR ST, R RE RN, R R AEE R R IR A AR, 9 SERE T
v B & IR[L7] [18]. BEAk, JLIOIERVERT FE 34t TIEHER I, GERD A REE N AP (1A K:[19]
[20]. &k, % FHEHLXT IR RIG(RCTs) X% 7~ GERD HIGE /& AP f—ANEE 5 KK &, W52 GERD
5 AP Z A1 PR 5 R 1) B A E AR 75 94 Mk AR 485

JUEW R GERD i3 S ERIR R AP (10 S8 mr, HILBUR = A e, $et T LA
REMIAARRE: (1) —FRixt 3 — M mi B 42, B GERD 7E AP F1{EH; (2) GERD Fl AP Z [a]3k
R AR AR s (3) ZAIRIER: Bh(4) WM L i 25, ALFEIE SR [21] . R &R+,
IR EEA TR ST m v ZALN A EAE R, S8 AP [EEiR)T iR, 24 GERD [ Wi fnGyy, Al
Re2 BT o AR BEALAL(MR)VE N — R 75 732, AL BE AL B IG (RCTs) kA7 R SR 4k W, 1) FH Jott
A AN T AR (IVS) [22]. HARALETF AR T RCTs A ANSEARFRH]: il iHiR 44K & [23]. it
—IFFEAR MR 7, FRATH H SR8 R TER S AP Z (R ZEE AR, AT NI R o S s it i
(ERARIN

2. BEKRSHRLIT
2.1. BUIBEKIR

A T 1) 45 SR A (AP) R 5 55 25 (GERD) A M /AN [ 114 4 255 DR 20 SRR 72 (GWAS) FH 3R L
XA BRI TE A 1EU WS, 7T LUE S 1IEU FFi GWAS %1l 77 (B #i7E https://gwas.mrcieu.ac.uk/datasets/
&R, BfRKY, GERD ¥ KiET— N2 GWAS, % GWAS EF 4 GERD & X, 4l Ong
2 N[241FE05E, B — AN KIREAE, 3t 602,604 MEA, 5 473,524 XHEFT 129,080 4Nl
AP ¥ 2 M Sakaue &5 (1931 8 Gt Hd T HR U [25], BEAR N 479,902 A, 4% 3798 {5l fil 476,104 %f
Mo ST AR rh BRI, TN R R AN B, B OR TS ST DL GE HLG R RS
TR .

2.2. Wit

) T R BEHLAL (MR) 5 304 1 B A8 I 7% (GERD) A 2Lk iR 48 (AP) B BRI SR B4 . Dy 1 R it
FEAR AR NI (S I AR R, MR BIHf TG 8T BAR S ) = AN A (A 1):

(1) TEAENIS GERD A #AH K.

() TEZFESREENELRK,

(3) THAEAMEEY MR, (#Ed GERD M AP.

f# R £ TwoSample MR HEAT A% A% i 68 /R BE AL AL 73 BT 4 F SR P4l GERD Al AP - [R] R SR AH 56
Yo W], XTREARBEE, T AR SR RN E KT (p < 5 x 1078 AL TR £ A1 (SNPs) .
SRIGHHAT A, DLRAIEAG M7 (r? < 0.001, 10,000 kb 36 FE ) (045 et 28 J /ey T AR R (IVS). &
LRI H 5 GERD & E 12K 80 4~ SNPs. i il R2 il F it s iFfliisi L T A A 2t AEEA SNP L
K BRI SNPs iH5 T F it &A1 R2. 24 F {HAK T 10 i, HERRISAAR F AN A T i 22, &0
BALE I R T A BR g 71[26]. HITHE F St &R R 5 2R
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Figure 1. Study design overview
1. MR

2.3. MR 4347

VP4l GERD X AP K JEMIR Rszma, KA 7 LM Z AT ik @5 Z (VW) d R B
Z MR A 5 H(MR-PRESSO) « AL o AR AL L InA b Az £l TH(WME) . MR-Egger [51 =R BE
— 3T, EEN M IVW J5i 4l GERD F1 AP Z AR R . IVW [ 32 H T P REA AR g
SEPERIRAGTH[27]. N T B SREE R p w5 BE AR e, AT TR IR AT, BRAERERIE . FTE“IVWYESE
19135 R A A FH B SORE IVW, - 32— Fuil i v 5 8E> SNP 1) Wald bL 26 (WR)HEAT Sk BB A o (1 77
% R SNP /ER IVs IR . 4T IVs BB R G RER, IVW FiE S A SRR, HH
AIFAERFE . FREA MR ¥ SOk B 4LRE A, SNP-ZEFEASE AN SNP-25 AR &, [ & SNP 47 5 1
NFESCI 5 7 B AR, W RER I S 5 1 o IR b, S5 P VAl 6 B N7 FH Riicker (1) Q #6561 Cochran
1 Q K4, %M MR-Egger 1 IVW 751k, 4 p < 0.05 B, KU A]GEAAE R PE[23]. KM IVW J7
%, MR-Egger 7776 BT 8% 28 A N TERL Vs, 1541 SNP 5 GERD Fl AP [AHICHE, LA Ltk
BRI [28] . A BRI Kb AL B B R A T, 1E 245 SNP Rt T 2508 26 B HE v AR S PR, AT REPE BRI
WME JVETEZ /D —PHIRE R B AR SNPs 15614, RIS RN 3R AR S5 R IR A £fil v1-[28]
WME 1 A—Fiii £ 20 77 3047 [29]. MR-PRESSO Al MR-Egger T4 5 5 {2 A H SV AE 1 K %
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Rtk o DB 7 BRI R, AR LA AN SNPs. 1% S8 77 VAR FLIGAIE, DR OC RER AL
TRAEREYE . )5, RIRAREE R SNPs kSt B —iE i, DA TR &5 R rdae R el S50k, #iE el
X Sl A 45 S A BRI o

MR 73 M7 AT 3 JAd ] TwoSampleMR (i< 0.5.7)#1 MRPRESSO i (Jii A< 1.0), iX L 8L 7E R £1
(WA 4.3.1) .

3. &R
3.1. BT EimE T

HEAT T et M LAS A SNP ) F Gt &, A SR RIS SNP SRR T — ANk F 4
. BHI R2 A 3.60%. F il 4540 TuE M 207.50 3] 669.24, % T-EA SNP Rit, XFEH T —4
RSN K2 5 52 31 55 T B AR B 225U TG Bl o X — BT s 7 6 15 1 F Gt B e Pl L A8 ¢
S HTF 5 2 3 AV A S M T A R B O A o o

3.2. GERD *f AP EARMRAI MR 534

e 2, ARAKEEIR TE GERD 5t K, 84~ SNP X} AP {520 .. MR it #6727 GERD X
AP [P R . N IVW RS I RS T o 1 geit 2 RS OCER, R GERD 534N
() AP XU 2 )45 B S5 BB 2 (OR = 1.6870, 95% CI = 1.402~2.029, p = 2.940 x 10°8), Ak, M ALFE kLt
3(OR = 1.7310, 95% CI 1.006~2.976, p = 0.050). & # 4% 3(OR = 1.7694, 95% Cl 0.887~3.528, p = 0.109).
WME (OR = 1.7143, 95% CI 1.339~2.194, p = 1.870 x 107°)#1 MR-Egger (OR = 2.7409, 95% CI 0.937~8.009,
p = 0.069)7E N If] GERD X} AP MR 73 #rH1 3845 1 JFAT B Al v (¢ 1) XA AL [E] Dy IVW T
VR R R AT SEVE RO T BTER, AATIINSE T GERD 5 AP Z [AI K B IBE R I RAK TS R, AN R b
TR R (K 3).
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Figure 2. MR analysis for individual SNPs associated with GERD in relation to AP risk
[E 2. 5 GERD #HXHE4 SNP 5 AP KA MR 4347
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Table 1. Results of correlation between GERD estimated by MR and AP
& 1. MR {5318 GERD 5 AP HBXHIZER

Cochran’s
Q-tests P

0.069
0.068

Exposure  Outcome Method p value OR 95%ClI

1.402
1.339
0.938
0.887
1.007

1.687
1.714
2.741
1.769
1.731

2.940E-08

1.870E-05
0.069
0.109
0.051

VW
Weighted median

GERD AP MR Egger

Simple mode

Weighted mode

MR Egger
intercept test P

0.371

Egger
intercept

—0.016
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Figure 3. Each point in the scatterplot represents a SNP, which shows us the association of each SNP with exposure and

outcome. Solid lines represent line segments fitted using different models
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Figure 4. Estimating the MR between GERD and AP by excluding one SNP at a time
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Figure 5. The funnel plot is used to check for the presence of heterogeneity in individual SNPs, and when there is no hetero-
geneity, the funnel plot takes on a symmetrical shape
E 5 FAERTHRESRN SNP h2BEFESRRYE, SEERRMR, FAEZMATFRERK

4. ¥1ig

FEIX T FEH, FRAT IR FH 5o L e oK (1) 4 ik IR 4 S BT 9T (GWAS) £df, %F GERD 5 AP 2 [R] 1 A 2R
RAZRAT T FATVNHE R T GERD 1 AP 2 [A] 535 (A G, BN GERD g% i 5 14 in i) AP
ARG AR DS o R 2 1T HO S 43 BT R () 4 5 D48 SR GERD R AP & LR R A=, (BLELHA U s IR
SRANERT, 8 VA DS T IR i N EE[18] [30]. A AT al et T S R AP 5 GERD Z [AMEAERI AR K R IH )
W . BEAh, SRUREIR 5 B 5 0 3 AORE 2 18] AT DA 37 5 55 25 (R e BE[31]. A WF LRI, GERD 512 ()44
Hil 25 LK SRS AE(SMAS) S EUN B 2+ Z 381758 =8 0 T — NS 3, SECH iR RE i
PR30, X AT RESEC AP [31], Jf H.H SMAS 5 14k A& 1 J5 BH 28 A3k 25 & 4iF (POMS) 1] g S B VT
RN, NI 0S5 BUR R 2 M SOEIL R . AV 2 IR WHE R SAMS & AP [FJEEH, AT
FR I GERD B r] g & AP iR A [32] [33].

[FIF, FEAR A K 2005 AW FL ORI, ERVERRR & BE AR RENEEN 1 RE, FNE
R RAEZISF] 70.8% [34], WIARKIAR B &8 RAUR A AT EFNRIT B, RN %
(1 AR 2= 38 FeHb 1 i R L HE Oddi F5£9MLI K 71 R BE, 3900 7 - Fa i M s, 4610 5 S0 PR R
JIR 4 1) K AE[35]

RERSE, KWK T HREH MR J7ERER GERD ML 5 k5 AP 2 I8 I R R IR R
FAT g Ay TRAR B AR, I Bk = SCRE S B I 2 e, G5 1 IRATR I A .
BATRI LA MM 7 A UM, EZE IR T EAR A SR v A kIR . B0, MR 204
RERS B /MU S Tr] R SR OC RAR IR R T80, VPA R R OCZR, AT kA% 450 00 45 4k 1 A o A 11 v AL, o
FLWR, BLHR B S50 AR OB 78 1) GWAS 1A s 5 35 a5 7 R R W R e . e, i ™
1K) SNP Jifi it Wir NS 2 5k MR 3T 771k, LR P2 ARG RO A IR, AR BE 1 28 IRl DR 25 R 1A
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JUEH IR LR, BATH MR M 38 RRYE . 158, I8 E BRI AR GWAS $dis iR 7 B
RIV 32 NBEAERE, 5 B0 AT i A\ BEJERE GWAS BP9t vk, IRATHIBT 7T A BE1E B GERD-AP %
RIHUGIEEA, 75 ZEE— 2 I S50 5 P A R AR AL 5 ek

R, XIUFFEN EH GERD 1 AP (A& BA B B ME R S, @ R i va 7 A TS i AR
DU SRS B e T Al 40, 7E Nissen BEHTE ARG, Roux-En-Y B W& A Roux-En-Y HFE =R
W) A ARG B AP IRERIREIE, FHK AT B A5 5] GERD, FHiAI7 AP IR A . AR, BT AP
F1 GERD fEIG R &3 IR I A — & B, SARILAE b G50t BN G 1 B8O R, i SRAE W
Rl [F i & 2B, 5% S 80 GERD [WiKi2, 1 GERD fE—5 InsE B &M% AP sk —25 N, B
W CAAE IR IR R R A A2 X AP 127 I N 5673 GERD [k 4t .

EHEWH

B K H AR5 (No. 82472959, 82273069): 1L 7R 44 15 24 P A RHL I H (No. 202404020093); i 7+ 1l
H BRI H (No. 2024YXNS104); 155 27 e i J B 5 i R AT 55 2 < 15T H (LCY J-016)
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