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Abstract

Objective: To study the bidirectional causality between inflammatory bowel disease and digestive
tract dysfunction diseases (gastroesophageal reflux disease, functional dyspepsia, achalasia) us-
ing Mendelian randomization (MR) method. Methods: Aggregated data from Genome-Wide Asso-
ciation Studies were obtained from the IEU database, the FinnGen database, and the inflammatory
bowel disease Genetics Consortium. This study used the inverse variance weighted (IVW) as the
main analysis method, and the MR-Egger, Weighted Median and Weighted Mode methods as sup-
plementary methods. Forward MR analysis was performed using inflammatory bowel disease as
the exposure factor and three digestive tract dysfunction diseases as the outcome variables. Re-
verse MR analysis was performed using three digestive tract dysfunction diseases as exposure
factors and inflammatory bowel disease as outcome variables. Heterogeneity was assessed using
Cochran’s Q test, and horizontal pleiotropy was assessed using MR-PRESSO and MR-Egger inter-
cept methods. Results: The IVW method predicted a positive causal effect between Crohn’s dis-
ease and functional dyspepsia (OR = 1.04, 95%CI: 1.01~1.06, P = 0.003). There was no causal effect
in the forward and reverse analyses of other diseases. Cochran’s Q test showed that there was no
heterogeneity in the results (P > 0.05). MR-PRESSO and MR-Egger intercept showed that there was
no horizontal pleiotropy in the results (P > 0.05). Conclusion: Crohn’s disease may increase the
risk of functional dyspepsia.
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1. 5|15

2% 9 1 B (Inflammatory bowel disease, 1BD)f3#E 5% 5 (Crohn’s disease, CD)Fi5t iz 14: 25 i 7% (ul-
cerative colitis, UC), & —FigtE. ARRr R RIETESON, S2atfl 5 Bt S 2 M 25 (1], B 70 o
TH G AR R AL FH TGN 1BD RUE[2] . PRI IR R AR, AT E S B i 28 IEAE IR BE A,
— TR o [ Kt R e B IR 25 A0 M o, 1950 4FE & 2002 4ENR], AENUE P CD MIERBERN
0.28/100,000 A ,1950 4% 2007 4E[A] LT+ % 0.85/100,000 A, iX N4k K 1 E K M4 & M&5 5140[3].
SRIM, BMEZ TR HIETT, VrEmIE =02 —1 1BD B4 2 H IR LB ThAE S S 800 %A B
TEREIR, TEEZW [ EE AN E4]. HAE RSN B B 25 i % (Gastroesophageal re-
flux disease, GERD). Zhfg:H LA K (functional dyspepsia, FD). 5t 4k it 22 (achalasia, AC)%%, IT 4k,
B A A T KT B i DA R AR S O ORIV S B 508, S 0 T B B R 1 78 11 R RABTE IR 4F |
TH[5] [6]. BRFTZEH, FEERAC AT AR AT AE <48 GERD ()& 42 X [7],  BERR RS [8] M 4MAR[9]2 FD 1Y
faRiRE, HRFR LS AC KA K[10].

SR1fT, IBD S HALTE D ReRRmS M 1 R OC R H AT A AN 28 .t TSR 5T 45 5 2 BINBHE TR
IR FEAR BRSSP 2, I HAESR F000% OCIBE th BE AL B E8 (RCT) FEAR B A SE R i A B
AIATIE, PR A SR R BE LK (mendelian randomization, MR) 77 iE P-4l IBD 578 4k3E Th g FEpg
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93 2 1) 4D R SR S IR DAk 7 VR 2% IR 2R A s ) R SR R R 4
2. IREHE
2.1, FERIRIR

& F2WH GERD MAE-KH IEU GWAS %#f5 %, W] M https://gwas.mcieu.ac.uk/datasets/3£HL . FD 5
AC IHHE K B 25 22 A WERAT (https://www. finngen. fi/fi) . 45 R385 & IBD. UC. CD [K%¥E Al T [H Br 2 9
T By it A% 4 X B (1BD Genetics Consortium), £7# 7] )\ IEU GWAS $048 FESREL . 1ZA7F 72 R il 78 R A FHE

HE BB\ t, GWAS ERfE5 8 W% 1. GWAS i ATF1, BRI A 17 Fi& GWAS [/F{
Z 5 BT R e e B s A,

Table 1. Summary of the GWAS
= 1. GWAS BB LRER

B €7 S e N B FEA L SNP 4% KA A
GERD IEU YN 467,253 24,173,002 2021
FD FinnGen R N\ 359,744 19,344,766 2023
AC FinnGen R N\ 350,604 19,344,576 2023
IBD 11IBDGC RN 34,652 12,716,084 2015
uc 11IBDGC W N\ F 27,432 12,255,197 2015
CcD 11IBDGC RN 20,883 12,276,506 2015
2.2. ik

2.2.1. Rt

A IR XA RFEA MR 7387 LAPEAL I1BD S5 HAE D) Re G R R SR OC &R . PPl IBD. UC.
CD 5 GERD. FD. AC ZIAEHIM AN . MR 73 Hrisfg bl T = Kik: © TEAEZELRFHNREAR
XM @ THEEASRKAFREMG @ THAEREASYRTEHEMKC[11]. X\ MR 2 Hriife &
LA 1.

IBOIUCICD S e
[ SNPs it IBB/UC/CD Baﬁari;sir

RAEER

HETDRRES EETRE
[ &IT‘SNPS ]W[ g ]—{ |BD/UC/CD]

1?3113

Figure 1. Design of mendelian randomization
E 1. MR iR EE
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222 TATEMEEF

BT BIR =R, AHEFORYE LT 5 imiE B Hm A TRALE: © THEESRERNZEN
IAE) B BAEP < 5 x 10°8) HAH B A GEBIAT4T R? < 0.001, FEES/E 10,000 kb LAP). HA RZf1T
AN R =2 x (1 —eaf) x eaf x 2, eaf NIREELFEFSNAR, B NEMEEFBNAE. ERA MR H,
DA AL IE Th RERERS MR N R BRI, BT LA P <5x 108 NEitM R EE 20 T AR B>, Fibkg:
THAHCHES R P <5x 108 @ HEBRIGIEWMA &I SO FIH AL ) T R & @) #ET Steiger Test
AR T R BN R SR N EZ MM K SNP, PLB R AR XR; @ @ F4ilE <10 %
B T HAE N HARR RS TR E, AN F=R?(n-2)/1-R?, n{URFAR, KAWL
Br F{E/NT 10 ) SNP AR5 THEAR B RINEAMZ: © f8H LDlink 4 2251 Rk 5 e R N &=
A RAH G T HAR & .

2.2.3. MR o3#f

ARFFEHAEF T 4 Ff MR J5 1R VTAR 52 85 K 22 6 B AR gl J 0 R R 52 m . 19875 Z2 ink (inverse variance
weighted, IVW) 75722 K5~ SNP 6 45 5 Wald Al THEREAT 235007, R R0 Fuil ey seas i o
D5, P HAE R E 0T . MR-Egger 1 DAZE RIS BTG T B AS B 0805 00 T IE M5 11 SR 0GB,
Weighted Median 7] DAYE =13 50%[1) T2 A% S Jo R IE Ol T 50 T EE A BRI SRk TH[12],  Weighted Mode )
ALEEMERO T B A AR RO R s K TR E TS A R[13]. ¥ MR-Egger. Weighted Median #/I
Weighted Mode /7 i&/E b 7a 772, W LATERE ]2 MM L R AR AL B8 T 52 A A 1t

2.2.4. BT

TR 23 AT LG S5 T PR AS DU RN 22 AR o S B PR (A7 E 23 3 30 MIR 3 B ot D] SR 258082 P il 77 A=
7, BFRATRA T Cochran’Q K46 (P < 0.05 WIAEAE S it P4) A S BEIEI e B 1k o 45 2 5 DR 3 A R 1Y)
T HA SOE N PR R R R R 2 AR E BRSNS S HOKE 2 . Bk, JATE— ST T
MR-PRESSO (£ 2 5k 2 FIUFD S5 8 AL A 36) A1 MR-Egger #%F . Leave-one-out Sl 22 R 1A% 45 5 (1)
Fafd . % MR-PRESSO Fll MR-Egger #%FEAG 6 1) P 1 /NT 0.05, MIJw] LIS 21 7K~F 2 &tk « N MR-
PRESSO #1 Radial MR [14]3I[& B #EE . A< CH#E4T Leave-one-out 75 LB AR IR EFGA 5 REMH K
19 SNP, HE IVW 7341, LAVPAN R AG TF & 15 AT A 524> SNP B3

2.3. Gt

AT FDR AR IE MR 2553059 PAE, PO BHME R I LB Hr A R - (MA 4.3.3)
# “TwoSampleMR” & “MR-PRESSO” #1147 .

3. &R
3.1. IBD X IETHREREIS MR/ MR S34h

311 TATENHE

PR 2 LR T HRAR R EERRUE 1 5, AIBRAR R ESCFFIH SNP, RN SNP 4 #iEid Steiger
Test fll F Giit{E ik bnue, b F Gt EVu 2 M 1425 3 2457.0. [ )5 6 LDlink ¥ 2 K ik i 5
TR AL 5 B M52 3 X SNP, 14 MR-PRESSO #1 Radial MR 45 S5 i B REE, &% IBD 5
GERD. FD. AC 45\ [ SNP N 4¥73 %4 51, 56. 54; UC 5 GERD. FD. AC Z4Af#) SNP 4455
31. 34. 30; CD 5 GERD. FD. AC g9A\KI SNP N4 7N 44, 46, 47,
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3.1.2. MR 3R

AT MR S5 5825 7 CD a0 FD &AM, IVW JE4R4E T 32 Z 1 KR K45 (OR = 1.04, 95%Cl:
1.01~1.06, P = 0.003). I1BD 5 FD A A $&7 % H RAHRE(IVW 7%: OR = 1.04, 95%Cl: 1.01~1.07, P =
0.011), {H P {H%Z FDR KR IE G AN EA B MM =0.051), 1fif UC 5 FD REEREFEFZR, HiL IBD
X CD Ml FD IR RGN R KEL. 7€ CD 5 FD i1 MR 74791, MR Egger. Weighted Median. Weighted
mode J5i%H, 5 IVW J7iE 07 [ — 2, $27R8HA MR J5925 3 IVW 9210 R SR80 34018 (4] 2) .« it 41, 1BD.
UC. CD 73755 GERD. AC ] MR 73 irik$dm RAARIR K &R, HMARERILE 2.

TR TR, SR Cochran’Q #36PF4d 55 14, I1BD. UC. CD 4%l FD. GERD. AC 40 #T
HHI R RIS PEIAZAE(P > 0.05) . Y FEIHE—DUE T B R P45 5 . MR-Egger #E R BIAAELE
K2 REP > 0.05). 734k, Leave-one-out J5 i 145 /R e BRAT R SNP A 50 D] 5 R824 T

MR Test

Inverse variance weighted Weighted median

/ MR Egger / Weighted mode

0.2-

0.14

0.0- S

-0.2- v ' '
03 06 0.9

Legend: The horizontal axis represents the impact of instrumental variables (1) on CD, and the
vertical axis represents the impact of instrumental variables (1) on FD.

Bl mehAR THEA R0V CD KfEm, AR RZZV)X FD M.
Figure 2. Scatterplot of MR analysis of Crohn’s disease (CD) versus functional dyspepsia (FD)
2. % B (CD)XINEEMIHILT R(FD)MR 2B B~ &

Table 2. Forward MR analysis results
2 2. IEFE MR R

Er i 4 &) Jiik SNP M OR (95%ClI) P FDR 18
IBD GERD VW 51 1.00 (0.98~1.01) 0.806 0.806
MR Egger 51 0.98 (0.94~1.02) 0.371 0.477
Weighted median 51 1.00 (0.97~1.03) 0.997 0.997
Weighted mode 51 1.00 (0.96~1.04) 0.990 0.990
AC VW 54 0.96 (0.85~1.09) 0.521 0.586
MR Egger 54 0.73 (0.51~1.03) 0.080 0.477
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Weighted median 54 0.95 (0.80~1.13) 0.589 0.888

Weighted mode 54 0.81 (0.59~1.12) 0.206 0.733

FD VW 56 1.04 (1.01~1.07) 0.011 0.051
MR Egger 56 1.05 (0.97~1.14) 0.219 0.477

Weighted median 56 1.04 (0.99~1.08) 0.137 0.517

Weighted mode 56 1.03 (0.97~1.10) 0.330 0.733

CD GERD VW 44 0.99 (0.98~1.01) 0.223 0.584
MR Egger 44 0.99 (0.96~1.02) 0.458 0.515

Weighted median 44 1.00 (0.97~1.02) 0.665 0.888

Weighted mode 44 1.00 (0.97~1.02) 0.845 0.951

AC Ivw 47 0.96 (0.86~1.06) 0.389 0.584
MR Egger 47 0.97 (0.75~1.26) 0.842 0.842

Weighted median 47 0.89 (0.76~1.03) 0.123 0.517

Weighted mode 47 0.83 (0.65~1.05) 0.132 0.733

FD VW 46 1.04 (1.01~1.06) 0.003 0.031
MR Egger 46 1.03 (0.97~1.10) 0.307 0.477

Weighted median 46 1.03 (0.99~1.07) 0.172 0.517

Weighted mode 46 1.02 (0.97~1.07) 0.407 0.733

uc GERD VW 31 1.01 (0.99~1.03) 0.307 0.584
MR Egger 31 1.04 (0.98~1.11) 0.226 0.477

Weighted median 31 1.00 (0.98~1.03) 0.789 0.888

Weighted mode 31 1.01 (0.96~1.05) 0.825 0.951

AC VW 30 0.95 (0.83~1.09) 0.471 0.586
MR Egger 30 0.79 (0.50~1.25) 0.314 0.477

Weighted median 30 0.97 (0.81~1.17) 0.775 0.888

Weighted mode 30 1.06 (0.75~1.49) 0.746 0.951

FD VW 34 1.02 (0.98~1.06) 0.368 0.584
MR Egger 34 1.06 (0.94~1.20) 0.361 0.477

Weighted median 34 1.03 (0.98~1.08) 0.247 0.555

Weighted mode 34 1.04 (0.97~1.12) 0.314 0.733

3.2. JHWBINRERERF 4R RBRT I1BD B9 MR 534

321 TRTERMHE

TER T, BT AC 5 CD KELFTFRIM T AR D, FUMAIITES 0. RliE LR T A
AR, HIFBREISCTHIAN Steiger Test HAHRBIK SNP, T EASE FAEH KT 10, KRS IREGR
BRI 25 K 45 JR) ELRE AR 55 1 T BLAR &, 53 46, MR-PRESSO #1 Radial MR ¥R & Il BHE , 54 GERD 5 IBD.
UC. CD 29N SNP N7y 27, 24, 23; FD 5 IBD. UC. CD ZWA ) SNP N5 9. 6. 7;
AC 5 IBD. UC 4 A1) SNP N4l 2. 3.

3.2.2. MR R

] IVW VELE AL TE D RERS RS PER AT IBD RS G LB, R DAEE R RN, A
P B L 3. (ERURME S HTHH, MR-PRESSO Al MR-Egger #3417 & BLK F 2 2 (P > 0.05) . Cochran’s
Q I A KRB BUIE(P > 0.05), I HEISCHF Cochran’s Q Kida 45 . Leave-one-out 7345 & W], THALE
DI Re BRI ZIp AT 1BD 1R PR S8R A =2 FH AT = SNP T3k E)
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Table 3. Reverse MR analysis results

3. KM MR DHRER

Er i 45 )R Jiik SNP M OR (95%Cl) P{H FDR &
GERD IBD IVW 27 1.05 (0.90~1.22) 0.546 0.967
MR Egger 27 1.14 (0.78~1.67) 0.514 0.922
Weighted median 27 1.08 (0.87~1.33) 0.498 0.904
Weighted mode 27 1.19 (0.88~1.60) 0.264 0.735
uc VW 24 1.00 (0.82~1.23) 0.967 0.967
MR Egger 24 1.32 (0.80~2.19) 0.286 0.922
Weighted median 24 1.02 (0.77~1.36) 0.884 0.904
Weighted mode 24 1.14 (0.77~1.68) 0.525 0.735
CD IVW 23 1.10 (0.88~1.38) 0.405 0.967
MR Egger 23 1.17 (0.66~2.07) 0.590 0.922
Weighted median 23 1.19 (0.87~1.64) 0.284 0.904
Weighted mode 23 1.16 (0.76~1.77) 0.491 0.735
FD IBD VW 9 1.00 (0.84~1.18) 0.956 0.967
MR Egger 9 1.11 (0.71~1.73) 0.659 0.922
Weighted median 9 1.13 (0.89~1.43) 0.313 0.904
Weighted mode 9 1.19 (0.85~1.66) 0.341 0.735
uc IVW 6 0.96 (0.72~1.27) 0.765 0.967
MR Egger 6 0.80 (0.34~1.89) 0.635 0.922
Weighted median 6 1.02 (0.72~1.46) 0.904 0.904
Weighted mode 6 1.03 (0.69~1.54) 0.887 0.887
CcD VW 7 0.94 (0.72~1.22) 0.630 0.967
MR Egger 7 1.01 (0.54~1.87) 0.981 0.981
Weighted median 7 0.90 (0.64~1.25) 0.525 0.904
Weighted mode 7 0.85 (0.55~1.33) 0.516 0.735
AC IBD IVW 2 0.98 (0.86~1.12) 0.801 0.967
uc IVW 3 1.02 (0.93~1.13) 0.630 0.967
MR Egger 3 1.01 (0.69~1.47) 0.980 0.981
Weighted median 3 1.02 (0.90~1.15) 0.796 0.904
Weighted mode 3 1.01 (0.90~1.14) 0.839 0.887
4. ¥7ig

AT BB FFEA A MR 7 H1#R 2 1BD (345 UC 5 CD) 5 ¥ AL T RE RS 14 e (Th e 1 7H
AR BETTRIBEEAE . B &8 AU R R . A5 K CD & FD MfEKKE, i UC 5 FD I
TR KR, M4 IBD (£145 UC 5 CD)5 GERD. AC JolA S oGHk.

BRI AL D R —48 1IBD SiHMA R R — IR FD /M4 FMg RS I ZH 2 240 i v Ei0R 48 g
K7 /K-FEAR I Meta 2045 SR 7R, FD B T 16l /i RIE AR IE R, FEl 2 R Mok 4 g i
RER A M 2 2 AN [15], AN OA — L F U+ 38 11 90 7T BEJ2 Y AN R IV FE 15 A R 35 [16]-[18],
XU HHAA R TR S8 RAEA K, A2 55 AR A RERH i — PRI . — DS AT 48
th, CD B#F S5{@R ANBAHEL A S HILH A RERER,  H B A A B R &K [19], X CD Al R
5WUARMK, EREFREXBEMAERE. AR, nKREM Tz 45 M 5% 58 TRt
ASRFEREIR 0 B0 R 5 AR L IR 2 22 900 [20], 1X53RAT MR 74 gh AR —3.

CD 5 FD Z[WHIR R KA TAEZ ZRHLEI RS . — U B AS 2 A0 B AR B A BT B 70 45 SR R
B, DhEetEH A REE T Z48 W b R e sz iR T 2 [21], AAME WA RN FD 5 #5 b R B AR
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K, ANHESZmBEER N, il B se vk 5240, RIS B AR (RIS @B MG N 1O FE R S AR
JERE I AR L E ARG, i BT R A2 40 T e R SRR RES 5 T FD A4 R E[22]. Tils
R BREERIA S IBD R ELEERE[23], Ik FD 5 CD MR AT it 5 1 b 5 R B sz 4514 o . — WL 82 1 Aff
TR, BaRRIEGK FD B b SR RAuM . A R A g s g, LK B BhIs 4 g AN 5-
PR IR TR I 42 22 T AR SR SRS PR AR AN R X R, PRS2 R UL A 40 B A PAY 2 4
(1 25 R 35 G TR, X e A RE AL . SRRER (IR RN S-FR iz [24]. CD {E N —Fh N T 1 R
PETRT, G2 A A B AR SIS M R AE 3 I R A R I R e B 7 A% OB [25], R CD 5 FD 5%
PR TTRE e ARV AT 5 Ak, BRI, T TLRINF-«B {5 5@ 7] T FD K RAEE
B JRE[26], AEAE VUM KL 2. Bk i (anandamide, AEA) T AETR T FD Wi+ 8RR £ 8 [27]. 45 b,
CD 5 FD )[R 524087 7] G it B e 2 452 Sy 4 RIS T RRE S A 5 20 LA B 48 RE A SR A 0%, (H
HARFIAE AL A R — 250 U RNIESE .

AW ST YR SE 1BD (f43% UC. CD)5 FD. GERD. AC 2 [ Rl 5 S I ) A R BB W LAL R 92, 3t
MR J7i%[# 81 7 CD Al RE/Z FD /2 fafa & . AR10, X7 J LA RRME. B, AW 58RI 7e st G
RRINNTE, R AT 72 00 4510 mT REAS g ELEE A T HAh Al . 0k, MR M (s T BEAL /3 Bc r a8t 4% A%
SR I R SR, R, PREA MR VR R AER A 2 8. BB =, AREFFOR A
DR AH SRR B AT 0T, XPAEWS S MR B AR VAT 2 . IR, TR 7T R — T
WIPHRZE, TEE DI FORIESE AL R, HFHEEZ MRS CD 5 FD LR Z IR MAHKHLH]
EARSMEARER M2, IRKEEATESR T CD MBFH K s VAR FI IS B SE 41, A6 B Thag sz,
— HHEH A AR, BT T TR TT

EE&WH
JRAR R 25 S I R B M RE 52T« F AR (20-B05).
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