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Causal effects between different sub-phenotypes of endometriosis and female
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[Abstract] Objective To investigate the bidirectional causal relationship between different subtypes
of endometriosis and female infertility using Mendelian randomization (MR). Methods A two-sample MR
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analysis was performed on the data sourced from publicly available genome-wide association study (GWAS) of
endometriosis and infertility. For each subtype of endometriosis, instrumental variables (IVs) satisfying MR
assumptions were selected, with inverse variance weighting (IVW) as primary method. Sensitivity analyses,
including Cochran’s () test, MR-Egger regression, and leave-one-out analysis, were conducted to verify the
robustness of the results. Statistical significance was set at P<0. 01 (Bonferroni correction), and P<0. 05 was
considered as suggestive significance. Results Among different locations of endometriosis, ovary (IVW:
OR=1.26,95%CI: 1. 17~1. 35, P<0. 001), pelvic peritoneum (IVW: OR=1. 26, 95%CI: 1. 20~1. 33, P<0. 001),
rectovaginal septum (IVW: OR=1. 11, 95%CI: 1. 06~1. 16, P<0. 001), adenomyosis (IVW: OR=1. 16, 95%CI:
1.07~1.25, P<0.001), and other types of endometriosis (IVW: OR=1. 10, 95%CI: 1.03~1. 17, P=0.004)
were significantly associated with infertility. But no such association was observed in fallopian tube and
intestinal endometriosis with infertility (P>0. 05). Reverse causality analysis indicated that infertility might
lead to fallopian tube endometriosis (IVW: OR=1. 46, 95%CI: 1. 11~1. 93, P=0. 007), and was associated with
ovarian (IVW: OR=1. 56, 95%CI: 1. 27~1. 93, P<0.001), pelvic peritoneal (IVW: OR=1. 34, 95%CI: 1. 11~
1.62, P=0.003), rectovaginal (IVW: OR=1.46, 95%CI: 1.11~1.93, P=0.007), and other types of
endometriosis (IVW: OR=1.61, 95%CI: 1.21~2.13, P=0.001). Suggestive significance was observed
statistically in infertility promoting adenomyosis (IVW: OR=1. 16, 95%CI: 1. 07~1. 25, P<0. 05). It had not
been proven yet that infertility could lead to intestinal endometriosis (P>0. 05). Sensitivity analyses confirmed
the robustness of the results. Conclusion Bidirectional causal relationships exist between different
subtypes of endometriosis and infertility. Our findings based on MR analysis validate the clinical observation
that endometriosis can lead to infertility, and we exploratively propose an important conclusion that infertility
itself may also induce endometriosis. However, due to limited data, the causal relationships between intestinal/
tubal endometriosis and infertility require further investigation.
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Mendelian randomization yields robust causal inferences
only when the 3 fundamental assumptions, independence,
exclusion, and relevance, are satisfied. This study employs
a bidirectional design in which 7 anatomically distinct sub-
phenotypes of endometriosis and infertility serve alternately

as the exposure and the outcome
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Figure 1 Core assumptions for Mendelian randomization
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Table 1 Phenotypes analyzed and the GWAS summary statistics selected as exposure or outcome data

Phenotype GWAS ID Case/Control SNPs

Endometrioses

Fallopian tube finn-b-N14_ENDOMETRIOSIS_FALLOPIAN_TUBE 116/68 969 16376156
Intestine finn-b-N14_ENDOMETRIOSIS_INTESTINE 177/68 969 16376157
Ovary finn-b-N14_ENDOMETRIOSIS_OVARY 3231/68 969 16376686
Pelvic peritoneum finn-b-N14_ENDOMETRIOSIS_PELVICPERITONEUM 2 953/68 969 16376599
Rectovaginal finn-b-N14_ENDOMETRIOSIS_RECTPVAGSEPT_VAGINA 1 360/68 969 16376472
Uterus finn-b-N14_ENDOMETRIOSIS_UTERUS 2 372/68 969 16376529
Others finn-b-N14_ENDOMETRIOSIS_NOS 1 435/68 969 16376331
Infertility finn-b-N14_FEMALEINFERT 6 481/68 969 16377038

All data presented in Table 1 originate from the FinnGen cohort. Owing to limited case numbers for tubal and intestinal

endometriosis, analyses involving these phenotypes are considered exploratory
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Exposure Methods nSNP  P.value OR(95%CI) Q.pvalue Egger.intercept Pleiotropy.pvalue
MR Egger 10 0.641 0 0.99(0.98 to 1.01)
Weighted median 10 0.485 + 1.00(0.98 to 1.01) 0.393 0.018 0.337
Inverse variance weighted 10 0.773 f 0.99(0.97 to 1.01)
MR Egger 7 0.154 ID—C 1.05(1.02 to 1.68)

E € € Weighted median 7 0.400 L 1.01(0.99 to 1.10) 0.473 -0.032 0.181
Inverse variance weighted 7 0.469 + 1.01(0.98 to 1.05)
MR Egger 26 0.080 ot 1.27(0.98 to 1.65)

Endometrioses of ovary Weighted median 26 <0.001 (] 1.28(1.18 to 1.39) 0.009 -0.002 0.932
Inverse variance weighted 26 <0.001 : - 1.26(1.17 to 1.35)
MR Egger 25 0.006 1o 1.25(1.08 to 1.44)

Endometrioses of pelvic peritoneum  Weighted median 25 <0.001 :- 1.25(1.16 to 1.36) 0.291 0.003 0.839
Inverse variance weighted 25 <0.001 ‘. 1.26(1.20 to 1.33)
MR Egger 16 0.909 - 0.99(0.87 to 1.13)

Endometrioses of rectovaginal Weighted median 16 0.002 :- 1.11(1.04 t0 1.18) 0.884 0.018 0.102
Inverse variance weighted 16 <0.001 :- 1.11(1.06 to 1.16)
MR Egger 18 0.449 ot 1.09(0.88 to 1.35)

Endometrioses of uterus Weighted median 18 0.016 Ifl' 1.11(1.02 to 1.22) 0.017 0.016 0.565
Inverse variance weighted 18 <0.001 - 1.16(1.07 to 1.25)
MR Egger 13 0.243 Ib' 1.08(0.95 to 1.23)

Endometrioses of others Weighted median 13 0.355 - 1.04(0.96 t0 1.12) 0.114 0.005 0.807
Inverse variance weighted 13 0.004 - 1.10(1.03 to 1.17)

0 1 2 3 4

protective factor risk factor

Owing to the limited case counts for tubal and intestinal endometriosis, the corresponding estimates are presented as exploratory
analyses. Inverse-variance weighted (IVW) regression served as primary Mendelian randomization (MR) method, with the
odds-ratio (OR) directions derived from the weighted median (WM) and MR-Egger regressions provided for reference. nSNP
denotes the number of instrumental variables (IVs) employed in each MR analysis. The OR quantifies the infertility odds among
individuals with a specific endometriosis subtype relative to the general population. Heterogeneity was assessed via Cochran’s ()
statistic, with (. P<0.05 indicating significant heterogeneity. An MR-Egger intercept (Egger. intercept) close to zero

accompanied by a pleiotropy P value >0. 05 is interpreted as the absence of directional pleiotropy
B2 AREFE HERAAE R AR 25 7 00

Figure 2 Effects of distinct endometriosis subtypes on infertility

Outcome Methods nSNP  P.value OR(95%Cl) Q.pvalue Egger.intercept Pleiotropy.pvalue
MR Egger 9 0.177 ———i 1.58(0.87 to 2.87)
etrioses of fallopian tube Weighted median 9 0.015 :l—0—| 1.57(1.09 to 2.25) 0.857 -0.013 0.783
Inverse variance weighted 9 0.007 :'—0—‘ 1.46(1.11 to 1.93)
MR Egger 9 0.515 e 1.74(0.36 t0 8.46)
ndo D D tine Weighted median &) 0.861 —_—— 1.10(0.39 to 3.09) 0.661 -0.023 0.831
Inverse variance weighted 9 0.298 ':—0—1 1.48(0.71t0 3.12)
MR Egger 9 0.471 Ho— 1.18(0.77 to 1.81)
Endometrioses of ovary Weighted median 9 0.005 i 1.46(1.12t0 1.89) 0.222 0.046 0.1893
Inverse variance weighted 9 <0.001 : i 1.56(1.27 to 1.93)
MR Egger 9 0.904 —— 1.03(0.68 to 1.55)
Endometrioses of pelvic peritoneum  Weighted median 9 0.040 I'-O—l 1.31(1.01to 1.71) 0.691 0.043 0.198
Inverse variance weighted 9 0.003 e 1.34(1.11 t0 1.62)
MR Egger 9 0.177 D-;—O—c 1.58(0.87 to 2.87)
Endometrioses of rectovaginal Weighted median 9 0.016 :'—0—‘ 1.57(1.09 to 2.26) 0.857 -0.013 0.783
Inverse variance weighted 9 0.007 :'-O—| 1.46(1.11 to 1.93)
MR Egger 9 0.546 ——t 1.17(0.72 to 1.92)
Endometrioses of uterus Weighted median 9 0.048 ;—0—| 1.35(1.00 to 1.82) 0.403 0.016 0.671
Inverse variance weighted 9 0.020 :r-H 1.30(1.04 to 1.61)
MR Egger 8 0.752 —to—— 1.12(0.56 to 2.25)
Endometrioses of others Weighted median 8 0.021 ——i 1.55(1.07 to 2.24) 0.982 0.054 0.309
Inverse variance weighted 8 0.001 | ——i 1.61(1.21t0 2.13)

protective factor risk factor

Due to the limited case counts for tubal and intestinal endometriosis, the corresponding results are reported as exploratory

analyses. All other interpretations follow those described for Figure 2
B3 AEENAEFERERAET R0

Figure 3 Effects of infertility on different endometriosis subtypes
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