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[Abstract] Objective To investigate the causal association between female reproductive
behavior and functional gastrointestinal disorders (FGIDs) using Mendelian randomization (MR).
Methods Based on genome-wide association study (GWAS) data, two-sample MR analysis was

used to explore the genetic association between female reproductive behavior and FGIDs. Body
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mass index, major depressive disorder, and educational level were chosen as mediators, and a two-step MR
analysis was performed to quantify the proportions of these associations mediated by each factor. Results Two-
sample MR analysis showed that later age at menarche [OR=0.87, 95%CI (0.77, 0.98), P=0.026] and menopausal
status [OR=0.41, 95%CI (0.20, 0.85), P=0.016] were nominally associated with a reduced risk of functional

constipation (Pyp, > 0.05); earlier age at first live birth [OR=0.51, 95%CI (0.34, 0.77), P=0.001] and earlier age at
first sexual intercourse [OR=0.61, 95%CI (0.49, 0.77), P < 0.001] were both significantly associated with an
increased risk of irritable bowel syndrome (IBS) (P, < 0.05). Additionally, age at first sexual intercourse also
showed nominal associations with functional constipation and functional dyspepsia, and number of live births
showed nominal associations with functional constipation and IBS (all P < 0.05, P > 0.05). The two-step MR
analysis further demonstrated that major depressive disorder and educational attainment mediated 35.81% and
21.32% of the association between early age at first live birth and IBS, respectively. In the association between
earlier age at first sexual intercourse and IBS risk, they mediated 37.57% and 33.77% of the effect, respectively.
Conclusion These findings suggest a negative causal relationship between age at menarche or menopausal
status and functional constipation, between the age at first live birth or age at first sexual intercourse and IBS,
between age at first sexual intercourse and functional constipation or functional dyspepsia, and between the

number of live births and functional constipation or IBS, with mechanisms involving major depressive disorder

and educational attainment potentially underlying this association.

[Keywords] Functional gastrointestinal disorders; Female reproductive behavior; Major depressive

disorder; Educational level; Mendelian randomization
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Table 1. GWAS data sources for exposures, outcomes, and mediators
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Table 2. Causal effects of age at menarche and menopausal status on functional gastrointestinal disorders

TRERAN 4 R AR i W% SNPs OR{ (95%CI) P1E P
AAM FC MR-Egger 118 0.79 (0.55, 1.13) 0.192 -
weighted median 118 0.80 (0.67, 0.95) 0.013 -
Ivw 118 0.87 (0.77, 0.98) 0.026 0.078
simple mode 118 0.72 (0.46, 1.12) 0.143 -
weighted mode 118 0.71 (0.52, 0.98) 0.040 -
AAM FD MR-Egger 118 0.77 (0.41, 1.45) 0.422 -
weighted median 118 0.90 (0.66, 1.24) 0.532 -
vw 118 0.99 (0.80, 1.22) 0.899 0.952
simple mode 118 0.98 (0.38, 2.54) 0.963 -
weighted mode 118 0.72 (0.38, 1.36) 0.312 -
AAM IBS MR-Egger 118 1.05 (0.55, 1.98) 0.886 -
weighted median 118 1.12 (0.80, 1.58) 0.498 -
VW 118 101 (0.81, 1.25) 0.966 0.966
simple mode 118 1.28 (0.57, 2.85) 0.548 -
weighted mode 118 1.15 (0.67, 1.99) 0.606 -
HM FC MR-Egger 11 0.89 (0.13, 5.97) 0.908 -
weighted median 11 0.30 (0.12, 0.80) 0.016 -
vw 11 0.41 (0.20, 0.85) 0.016 0.068
simple mode 11 0.25 (0.05, 1.25) 0.123 -
weighted mode 11 0.25 (0.05, 1.32) 0.133 -
HM FD MR-Egger 11 1.13 (0.05, 28.31) 0.943 -
weighted median 11 2.18 (0.46, 10.36) 0.327 -
vw 11 2.73 (0.79, 9.44) 0.112 0.168
simple mode 11 1.82 (0.16, 20.35) 0.636 -
weighted mode 11 1.87 (0.20, 17.30) 0.595 -
HM IBS MR-Egger 11 0.41 (0.02, 9.79) 0.598 -
weighted median 11 0.61 (0.11, 3.31) 0.564 -
IVw 11 1.42 (0.42, 4.80) 0.576 0.750
simple mode 11 0.95 (0.06, 16.18) 0.971 -
weighted mode 11 0.70 (0.06, 8.73) 0.787 -

P = 0.006]. A& AFB 5 FC 5 FD 775K 56
B (P > 0.05); IVW 278, AFS 5 FC K&
FD Z [AIfFE4 L R OCHE [AFS 5 FC: OR=
0.87, 95%CI(0.77, 0.98), P=0.019; AFS5FD:
OR=0.64, 95%CI(0.51, 0.79), P<0.001], {HZ
FDR ZHEIE ST, Geits BB EES (P23
J70.068 F110.162) , WL3e3. A SUE M 7 16
—3, HICRFYESKE 2RI, SCRp4s
Faddt, VLR 1.

223 ALB NLB % FGIDs & B R 2 &

28 FDRAZIE IVW 20 B A 2 38 ALB 5 FGIDs
FEEFRR KR, IVW TR, NLB 5 FC A IBS
ZFFAEA L R OCHL [NLB 5 FC: OR=
147, 95%CI (1.02, 2.12), P=0.039; NLB 4
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Table 3. Causal effects of age at first live birth and age at first sexual intercourse on functional gastrointestinal disorders

TRERAN a5 R A IR SNPs ORfH (95%CI) P{H Py fE
AFB FC MR-Egger 32 047 (0.13, 1.73) 0.267 -
weighted median 32 0.92 (0.68, 1.25) 0.600 -
VW 32 0.83 (0.66, 1.04) 0.112 0.168
simple mode 32 0.93 (0.49, 1.78) 0.827 -
weighted mode 32 0.97 (0.54, 1.73) 0.912 -
AFB FD MR-Egger 33 1.19 (0.13, 10.48) 0.879 -
weighted median 33 0.94 (0.55, 1.60) 0.806 -
VW 33 0.72 (0.49, 1.04) 0.081 0.162
simple mode 33 0.96 (0.34, 2.67) 0.933 -
weighted mode 33 0.94 (0.37, 2.38) 0.899 -
AFB IBS MR-Egger 33 0.12 (0.01, 1.16) 0.076 -
weighted median 33 0.54 (0.32, 0.91) 0.020 -
IVW 33 0.51 (0.34, 0.77) 0.001 0.006
simple mode 33 0.45 (0.15, 1.37) 0.169 -
weighted mode 33 0.53 (0.17, 1.58) 0.262 -
AFS FC MR-Egger 187 1.16 (0.67, 2.01) 0.606 -
weighted median 187 0.86 (0.72, 1.04) 0.117 -
vw 187 0.87 (0.77, 0.98) 0.019 0.068
simple mode 187 0.97 (0.59, 1.60) 0.901 -
weighted mode 187 0.94 (0.58, 1.51) 0.782 -
AFS FD MR-Egger 187 0.52 (0.19, 1.41) 0.200 -
weighted median 187 0.69 (0.49, 0.96) 0.025 -
VW 187 0.64 (0.51, 0.79) <0.001 0.162
simple mode 187 1.23 (0.48, 3.17) 0.669 -
weighted mode 187 0.93 (0.38, 2.31) 0.883 -
AFS IBS MR-Egger 187 0.52 (0.18, 1.48) 0.222 -
weighted median 187 0.59 (0.42, 0.84) 0.003 -
VW 187 0.61 (0.49, 0.77) <0.001 0.006
simple mode 187 0.70 (0.22, 2.21) 0.547 -
weighted mode 187 0.67 (0.25, 1.82) 0.432 -

5 FCZZJA] . AFBE AFS 5 IBS 22 [0 A7 A PR 06
R, ST BMI, E R ARRE AR S 7 2B R
TEHAATR MR, ALB 5 FGIDs A& B SRSCE,
MINLB A5 FC. IBSTAFER XOCHK, (HH5 3/
MR RE (PH>005, BHEER2),
RN AT

W57 MR 23 M4 R 7, AAM [OR=0.90,
95%CI1(0.85, 0.94), P<0.001]. AFB [OR=0.82,
95%C1(0.76, 0.88), P<0.001], AFS [OR=0.77,
95%CI1(0.72, 0.83), P<0.001] 5 BMIE it
K, AFB 5 H AR B A5G A7 AE ) R OC R
[OR=0.59, 95%C1(0.52, 0.66), P<0.05], 15
ZHE PR IE M R OCHE [OR=1.50, 95%CI
(1.40, 1.61), P<0.05]. ZE{lh, AFS SEHFEHM

IS i At 5 B R E R [OR=0.66, 95%CI
(0.60, 0.73), P<0.05], 1Mi'5%¥EFHEMELE
A RSO [OR=1.61, 95%CI (1.54, 1.68),
P<0.05], UWRHEE2,

HE— 250 M A R 5 FGIDs 22 [8] Y R R 56
B 5 R WoR, HFEIAR R FC [OR=1.26,
95%CI(1.11, 1.44), P<0.05] XIBS [OR=1.57,
95%C1(1.24, 1.99), P <0.05] HIFEAEIE [ B R %
W, 5ZMR, ZHFRESFC [OR=0.86,
95%CI(0.71, 0.96), P<0.05]. IBS [OR=0.71,
95%CI1(0.57, 0.87), P<0.05] X&) KR 56
e, SR, K& BMI Y FC B IBS 1776 [H R 6
RN . FTA BT AR S FC M IBS KHK
Y Cochran’s Q K 303K Bs S5 PEIESE . tbah,
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2.42  PAA AT

T A R R, 78 AFB 5 1BS [y PR SR
wrp, EEMAREES [P G 35.81%,
95%Cl (15.47%, 56.14%) | S5Z#HE™RE [

M. 21.32%, 95%C1 (7.82%, 34.81%) |
YRR EPNME- . JSUH, 7EAFS 51BSHY
K, EEMAREMS [ 37.57%,
95%CI (16.02%, 59.11%) ] MZHFHRE [
M. 33.77%, 95%CI (13.01%, 54.52%) |
WA EE AR, WS,

R4 RGTEFER, BRI ThRE S Bmr B R

Table 4. Causal effects of age at last live birth and number of live births on functional gastrointestinal disorders

FRERAE e WS T5 1k SNPs OR{E (95%CI) PAH Pl
ALB FC MR-Egger 6 4.16 (0.28, 62.88) 0.361 -
weighted median 6 0.93 (0.49, 1.78) 0.831 -
IVW 6 0.85 (0.44, 1.65) 0.631 0.757
simple mode 6 0.76 (0.25, 2.28) 0.639 -
weighted mode 6 1.00 (0.45, 2.24) 0.997 -
ALB FD MR-Egger 6 17.06 (0.35, 832.96) 0.226 -
weighted median 6 0.83 (0.23, 2.94) 0.767 -
IVW 6 0.42 (0.14, 1.23) 0.112 0.168
simple mode 6 0.83 (0.13, 5.28) 0.847 -
weighted mode 6 0.87 (0.22, 3.44) 0.847 -
ALB IBS MR-Egger 6 0.23 (0.00, 72.85) 0.646 -
weighted median 6 0.95 (0.29, 3.17) 0.939 -
IVW 6 0.78 (0.23, 2.65) 0.687 0.773
simple mode 6 0.26 (0.03, 1.98) 0.250 -
weighted mode 6 0.95 (0.23, 3.94) 0.950 -
NLB FC MR-Egger 10 0.27 (0.01, 8.25) 0.477 -
weighted median 10 1.57 (0.96, 2.57) 0.070 -
IVW 10 1.47 (1.02, 2.12) 0.039 0.088
simple mode 10 1.98 (0.86, 4.54) 0.143 -
weighted mode 10 1.81 (0.86, 3.82) 0.153 -
NLB FD MR-Egger 10 84.17 (0.15, 46 609.14) 0.206 -
weighted median 10 1.18 (0.49, 2.86) 0.709 -
IVW 10 1.21 (0.61, 2.38) 0.583 0.750
simple mode 10 0.52 (0.11, 2.40) 0.425 -
weighted mode 10 0.54 (0.13, 2.22) 0.416 -
NLB IBS MR-Egger 9 4.40 (0.00, 9748.61) 0.718 -
weighted median 9 3.28 (1.24, 8.65) 0.017 -
IVW 9 2.43 (1.08, 5.45) 0.032 0.082
simple mode 9 3.67 (0.90, 14.99) 0.107 -
weighted mode 9 3.86 (1.17, 12.77) 0.057 -
=5 AFS. AFBXTIBS EI SRRz YA Lkl
Table 5. Mediated proportions in the causal effects of AFS and AFB on IBS
iz/ AR Z B, (95%CI) B, (95%CI) B, (95%CI) (;4:;4;%) Pl
AFS/IBS & EEHIARBSAS —0.492 (-0.720, -0.263) -0.408 (-0.514, -0.312) 0.453 (0.218, 0.687)  37.57 (16.02, 59.11) <0.001
THEBRE  -0492 (-0.720, -0.263) 0.476 (0.431, 0.520)  -0.349 (-0.560, —0.137) 33.77 (13.01, 54.52) 0.001
AFB/IBS #EEHIARRAS —0.668 (-1.071, —-0.265) -0.528 (-0.646, -0.410) 0.453 (0.218, 0.687)  35.81 (1547, 56.14) <0.001
TZHERE  -0.668 (-1.071, -0.265) 0.408 (0.337, 0.480)  -0.349 (-0.560, -0.137) 21.32 (7.82, 34.81)  0.002
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