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Purpose: Observational studies have indicated a potential link between adenomyosis/endometriosis and adverse pregnancy outcomes
(APOs), yet the potential relationship remains uncertain.

Patients and Methods: This study investigates whether genetically predicted adenomyosis/endometriosis influences APOs through
a two-sample Mendelian randomization (MR) analysis, utilizing summary statistics from genome-wide association studies (GWAS). The
primary analytical method employed was the inverse-variance weighted (IVW) approach, alongside supplementary techniques including
weighted median, MR Egger regression, and weighted mode. Sensitivity analyses, such as Cochran’s Q test, the MR-Egger intercept test,
the MR-PRESSO (Pleiotropy RESidual Sum and Outlier) test, and a leave-one-out analysis, were conducted to ensure result robustness.
Results: Results from the [VW method indicate that endometriosis may pose a risk factor for multiple consecutive miscarriage (OR = 1.07,
95% CI: 1.00-1.14, P = 0.05). No significant associations were noted between adenomyosis and preterm birth (OR = 0.92, 95% CI:
0.75-1.11, P = 0.38), birth weight (OR = 1.02, 95% CI: 0.96-1.10, P = 0.50), or other APOs. The MR-Egger regression suggested no
horizontal pleiotropy, while the MR-PRESSO test identified outliers concerning birth weight but did not reveal significant associations.
Leave-one-out analysis corroborated the robustness of the findings.

Conclusion: This study provides evidence of a potential relationship between endometriosis and multiple consecutive miscarriage,
emphasizing the importance of addressing comorbidities and making informed pregnancy decisions in the presence of endometriosis.
Keywords: endometriosis, adenomyosis, adverse pregnancy outcomes, pregnancy loss, genetic variant, mendelian randomization,
causal association

Introduction

Adverse pregnancy outcomes (APOs) encompass a range of complications during pregnancy and childbirth, such as
miscarriage, preterm birth, gestational hypertension, preeclampsia, fetal growth restriction, and placental issues like
placenta previa or abruption, and stillbirth.' Despite significant medical efforts, the global incidence of APOs remains
troublingly high.* For instance, preterm birth was a major contributor to child mortality in 2016, responsible for 16% of
all child deaths and 35% of newborn deaths.” Miscarriages are also alarmingly common, with an estimated 23 million
occurring annually worldwide.® Low birth weight (LBW), defined as a birth weight below 2500g, affects approximately
18 million newborns each year, often linked to the in-utero nutritional environment.” Placental dysfunctions, including
abruption or previa, are known to complicate pregnancies and childbirth significantly." The persistent and increasing
prevalence of these APOs underscores the urgent need for deeper investigation into their causes, risk factors, and long-

term health consequences for both mother and child.
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Among potential risk factors, endometriosis, a chronic condition where endometrial-like tissue grows outside the
uterus, has garnered attention.® This benign proliferative disorder affects an estimated 6% to 10% of women of
reproductive age.”'® Closely related to endometriosis is adenomyosis, an estrogen-dependent uterine pathology char-
acterized by the abnormal presence of endometrial tissue within the myometrium."''* Given their shared pathophysio-
logical features, both endometriosis and adenomyosis are hypothesized to negatively impact pregnancy outcomes.’
Observational studies have explored this link with mixed results. For example, one retrospective study involving over
1300 pregnant women with endometriosis found a significantly higher incidence of placenta previa compared to controls,
though no significant difference in preterm birth rates was observed.'* Another cohort study focusing on women with
polycystic ovary syndrome (PCOS) and endometriosis reported a threefold increased risk of placental abruption in this
group compared to PCOS women without endometriosis.'> These findings highlight potential associations, but observa-
tional research is inherently susceptible to confounding variables and reverse causality. Therefore, more robust evidence
is crucial to definitively establish a causal link between adenomyosis/endometriosis and the risk of developing APOs.

To address this knowledge gap, Mendelian randomization (MR) offers a powerful analytical approach. MR utilizes
genetic variants, randomly allocated during meiosis, as instrumental variables (IVs) to infer causality between an

. c 1
exposure and an outcome, analogous to a randomized controlled trial.'®

This design minimizes biases from confounding
factors and reverse causation that often plague traditional observational studies, thereby strengthening causal inference.'”

In this study, we employ a two-sample MR analysis to investigate the potential causal relationships between genetically
predicted adenomyosis and endometriosis (as exposures) and a spectrum of common APOs. These outcomes include
preterm birth and its related factors, low birth weight, placental abruption, placenta previa, miscarriage (including sporadic
and multiple consecutive miscarriages), and stillbirth. Elucidating these causal associations is critical not only for a better
understanding of the pathogenesis of APOs in the context of these uterine conditions but also for guiding the development

of targeted interventions and personalized management strategies to improve pregnancy outcomes for affected women.

Material and Methods

Study Design

In this study, two-sample MR analyses were employed to investigate the relationship between adenomyosis/endome-
triosis and APOs. This analysis was based on three key assumptions: 1) Genetic variants were associated with the
exposures. 2) Genetic variants were independent of any confounding factors that could affect the exposure-outcome
association. 3) Genetic variants were independent of the outcome and were only associated with the outcome through the
gene expression of the exposures (Figure 1).'® This study utilized publicly available summary statistics from genome-
wide association studies (GWAS) and did not involve the collection of new data from human subjects. According to
Article 32 of the Measures for Ethical Review of Life Science and Medical Research Involving Human Subjects (2023),
this study is exempt from ethical review. All original studies included in this analysis obtained relevant ethical approval
and participant informed consent. This study adhered to the strengthening the reporting of observational studies in
epidemiology using Mendelian randomization (STROBE-MR) checklist."’

Data Source

Endometriosis and adenomyosis were identified as exposures in this study. Gestational duration, preterm birth, birth
weight, placental abruption/placenta previa, and miscarriage/stillbirth were outcomes. GWAS data on endometriosis and
adenomyosis were obtained from the FinnGen10 consortium (https://www.finngen.fi/en, Finnish ancestry). We obtained
GWAS datasets on gestational duration, preterm birth and birthweight from the Early Growth Genetics (EGG)
Consortium (http://egg-consortium.org/, European ancestry).”’ Data on factors for preterm birth (maternal and child

effects) was obtained from a GWAS study based on the MoBa cohort.”! Summary data on placental abruption/placenta
previa, miscarriage/stillbirth were obtained from the UK Biobank (European ancestry).”* Datasets on multiple consecu-
tive miscarriage and sporadic miscarriage was obtained from a previous GWAS study involving multi-ancestry
populations.”® All databases were accessed between July and November 2024. Specific details on datasets were provided
in Supplementary Table 1.

2 https: International Journal of Women’s Health 2026:18


https://www.finngen.fi/en
http://egg-consortium.org/
https://www.dovepress.com/article/supplementary_file/569458/ID_569458_supplementary_file.zip

Wang et al

SNPs related to

endometriosis/adenomyosis

r
1
1
]

!
Endometriosis/adenomyosis | )I(
1
1

SR

Relevance assumption

i - I
! Independence assumption |
1 J

] 5 & " 1
! Exclusivity assumption |
)

| Confounders

- /

b= >| Adverse pregnant outcomes |

Figure | The flowchart of the MR analysis in this study.

IVs Selection

In MR analysis, IVs serve as genetic proxies for the exposure, allowing for the assessment of genetically causal
associations on the outcome. In this study, the included IVs needed to meet the following criteria: 1) single nucleotide
polymorphisms (SNPs) that are significantly associated with adenomyosis/endometriosis were chosen at P < 5x10.78%% 2)
The minor allele frequency (MAF) of the included genetic variants had to be greater than 0.01.> 3) To avoid the impact
of linkage disequilibrium (LD) among included genetic variants on the results, SNPs were excluded using the PLINK
clumping method (r* > 0.001 and clump window < 10,000 kb).%° 4) The F statistic was used to identify if there is a weak
IV bias, calculated using the formula: R* x (N — 2) / (1 — R?), where R? is the proportion of variance in the exposure
explained by the IV (R? =X [2 x (1 - MAF) xMAF x B/ (SE*x N)], SE and p are the standard error and beta coefficient of
the effect size), and N is the sample size. Each selected SNP’s F statistic must be greater than 10.%” 5) For IVs absent
from the outcome dataset, proxies with an R* > 0.8 were used as substitute variables to maintain the robustness and
efficiency of the MR study.?®

Mendelian Randomization

All MR analyses were performed using the TwoSampleMR package in R software (version 4.0.5).” The inverse
variance-weighted (IVW) method, which calculates the weighted average of effect sizes using the inverse variance of
each SNP as the weight, was used as the primary analytical approach to estimate the genetically predicted causal
associations between adenomyosis/endometriosis and APOs.*° The results are represented by the odds ratio (OR) and
95% confidence interval (CI). Additional analytical methods included MR-Egger,>' weighted median model,** and
weighted mode methods.?* The MR-Egger accounts for the presence of an intercept term, allowing it to provide accurate
estimates of potential causal effects even in the presence of pleiotropic bias.>' The weighted median method assumes that
at least half of the instrumental variables are valid and uses this assumption to analyze the causal association between
exposure and outcome.” The weighted mode approach identifies the most common effect size estimate in scenarios
where there is variability or differences among the IVs.>

Sensitivity Analysis

Sensitivity analyses were performed to verify the robustness of the MR estimates.*® In the IVW method, heterogeneity
was assessed using Cochran’s Q test, a P < 0.05 indicated the presence of heterogeneity.>> Horizontal pleiotropy was
assessed using the MR-Egger intercept test and the MR Pleiotropy Residual Sum and Outlier (MR-PRESSO) test, when
the intercept term in MR-Egger regression is close to zero or statistically nonsignificant (P > 0.05), it suggests the
absence of pleiotropy, similarly, a P > 0.05 in the MR-PRESSO test suggested the absence of pleiotropy.>*>” In addition,
the MR-PRESSO method was used to identify and correct for the potential impact of outlier IVs that might indicate
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horizontal pleiotropy, by systematically excluding aberrant SNPs. The MR analyses were repeated to check whether the
outliers influenced the estimated causal associations after eliminating the outliers. A leave-one-out analysis was done to
assess the impact of each individual SNP on the overall outcomes.>® Similarly, all sensitivity analyses were performed
using the TwoSampleMR package in R software (version 4.0.5).%

Results

IVs Selection

For the MR analysis with adenomyosis as the exposure, 28 [Vs were selected with a mean F of 62.29, a min F of 29.98,
and max F of 189.81. For the analysis with endometriosis as the exposure, 31 IVs were selected, the mean F value was
24.88, the min F was 20.86, and the max F was 40.63. All outcomes matched the summary data in this study when
adenomyosis was exposure except for multiple consecutive miscarriage (1 unmatched IV), and gestational duration (5
unmatched IVs). The numbers of SNPs for outcomes including preterm birth, birth weight, placental abruption/placenta
previa, miscarriage/stillbirth, multiple consecutive miscarriage, and gestational duration that did not match the summary
data were 3, 3, 1, 1, 1, and 3 when endometriosis was identified as the exposure. Details on the dataset in this study were
listed in Supplementary file 1.

Mendelian Randomization

Results of the IVW method showed that endometriosis may be a risk factor for multiple consecutive miscarriage (OR =
1.07, 95% CI: 1.00-1.14, P = 0.05) (Table 1). Non-significant results were yielded to the IVW estimator for endome-
triosis and preterm birth (OR = 0.92, 95% CI: 0.75-1.11, P = 0.38), birth weight (OR = 1.02, 95% CI: 0.96-1.10, P =
0.50), placental abruption/placenta previa (OR = 0.93, 95% CI: 0.66—1.30, P = 0.66), miscarriage/stillbirth (OR = 0.99,

Table 1 MR Analysis Investigating the Causal Associations Between Adenomyosis/Endometriosis and APOs

Exposure Outcome N.SNPs | Methods OR (95% CI) P
Adenomyosis | Preterm birth 4 Inverse variance weighted | 0.92 (0.75-1.11) | 0.38
Adenomyosis 4 MR Egger 0.69 (0.22-2.19) | 0.59
Adenomyosis 4 Weighted median 0.95 (0.75-1.20) | 0.65
Adenomyosis 4 Weighted mode 0.99 (0.72-1.36) | 0.96
Adenomyosis | Birthweight 4 Inverse variance weighted | 1.02 (0.96-1.10) | 0.50
Adenomyosis 4 MR Egger 0.94 (0.57-1.55) | 0.83
Adenomyosis 4 Weighted median 1.02 (0.98-1.06) | 0.26
Adenomyosis 4 Weighted mode 1.02 (0.96-1.09) | 0.55
Adenomyosis | Abruptio placentae and placenta previa | 4 Inverse variance weighted | 0.93 (0.66—1.30) | 0.66
Adenomyosis 4 MR Egger 0.45 (0.05-3.71) | 0.53
Adenomyosis 4 Weighted median 0.94 (0.64-1.39) | 0.76
Adenomyosis 4 Weighted mode 0.99 (0.55-1.76) | 0.96
Adenomyosis | Miscarriage and stillbirth 4 Inverse variance weighted | 0.99 (0.83—1.18) | 0.9
Adenomyosis 4 MR Egger 0.71 (0.24-2.11) | 0.6
Adenomyosis 4 Weighted median 0.99 (0.81-1.21) | 091
Adenomyosis 4 Weighted mode 0.98 (0.73-1.32) | 091
Adenomyosis | Gestational duration 24 Inverse variance weighted | 0.99 (0.96-1.02) | 0.43
Adenomyosis 24 MR Egger 1.0l (0.93-1.10) | 0.76
Adenomyosis 24 Weighted median 1.00 (0.96-1.03) | 0.82
Adenomyosis 24 Weighted mode 0.99 (0.95-1.04) | 0.75
Adenomyosis | Multiple consecutive miscarriage 13 Inverse variance weighted | 1.13 (0.97-1.31) | O.11
Adenomyosis 13 MR Egger 0.99 (0.72-1.35) | 0.93
Adenomyosis 13 Weighted median 1.08 (0.96-1.22) | 0.20
Adenomyosis 13 Weighted mode 1.08 (0.95-1.22) | 0.25
(Continued)
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Table | (Continued).

Exposure Outcome N.SNPs | Methods OR (95% CI) P

Endometriosis | Preterm birth 25 Inverse variance weighted | 1.05 (0.93-1.19) | 0.43
Endometriosis 25 MR Egger 0.76 (0.55-1.05) | O.11
Endometriosis 25 Weighted median 1.02 (0.88-1.19) | 0.80
Endometriosis 25 Weighted mode 1.0l (0.81-1.27) | 0.92
Endometriosis | Birthweight 25 Inverse variance weighted | 1.00 (0.97-1.04) | 0.87
Endometriosis 25 MR Egger 1.07 (0.98-1.17) | 0.14
Endometriosis 25 Weighted median 1.0l (0.98-1.03) | 0.57
Endometriosis 25 Weighted mode 1.02 (0.94-1.12) | 0.63
Endometriosis | Abruptio placentae and placenta previa | 27 Inverse variance weighted | 0.95 (0.8-1.13) 0.55
Endometriosis 27 MR Egger 0.94 (0.57-1.56) | 0.82
Endometriosis 27 Weighted median 0.96 (0.75-1.21) | 0.71
Endometriosis 27 Weighted mode 0.96 (0.67—1.37) | 0.81
Endometriosis | Miscarriage and stillbirth 27 Inverse variance weighted | 0.95 (0.87-1.04) | 0.24
Endometriosis 27 MR Egger 1.0l (0.78-1.31) | 0.95
Endometriosis 27 Weighted median 0.97 (0.86—1.10) | 0.64
Endometriosis 27 Weighted mode 0.99 (0.80-1.21) | 0.89
Endometriosis | Gestational duration 27 Inverse variance weighted | 1.00 (0.98-1.02) | 0.99
Endometriosis 27 MR Egger 1.0l (0.97-1.06) | 0.59
Endometriosis 27 Weighted median 1.01 (0.99-1.03) | 0.45
Endometriosis 27 Weighted mode 1.02 (0.98-1.06) | 0.34
Endometriosis | Multiple consecutive miscarriage 16 Inverse variance weighted | 1.07 (1.00-1.14) | 0.05
Endometriosis 16 MR Egger 1.07 (0.94-1.22) | 0.32
Endometriosis 16 Weighted median 1.05 (0.97-1.13) | 0.22
Endometriosis 16 Weighted mode 1.03 (0.96-1.11) | 0.40

Abbreviations: MR, Mendelian randomization; APO, adverse pregnancy outcome; N.SNP, number of single nucleotide polymorphism; OR, odds
ratio; Cl, Cl, confidence interval.

95% CI: 0.83-1.18, P = 0.91), and gestational duration (OR = 1.00, 95% CI: 0.98-1.02, P = 0.99). Adenomyosis was not
significantly related to any of the APOs. The scatter plot for effect sizes of SNPs for adenomyosis/endometriosis with
APOs were shown in Figure 2A and Supplementary Figure 1. The forest plot did not demonstrate a potential effect

adenomyosis/endometriosis of on APOs, as no statistically significant associations were observed except for endome-
triosis and multiple consecutive miscarriage (Figure 2B and Supplementary Figure 2). The results from the MR-Egger,

weighted median, and weighted mode methods were consistent with those of the IVW method (Table 1).

Sensitivity Analysis

The MR-Egger regression analysis indicated the absence of horizontal pleiotropy (Figure 2C, Supplementary Figure 3
and Table 2). The MR-PRESSO results suggested that for birth weight as the outcome, there were 2 outliers in
adenomyosis and 7 outliers in endometriosis; for gestational duration as the outcome, there were 3 outliers in

adenomyosis and 2 outliers in endometriosis; for multiple consecutive miscarriage as the outcome, there were 15 outliers
in adenomyosis and 14 outliers in endometriosis. After removing these outliers, there was still no statistically significant
association except for the estimate of endometriosis and multiple consecutive miscarriage (Supplementary Table 2). In

addition, leave-one-out analysis indicated relatively robust MR estimates (Figure 2D and Supplementary Figure 4).

Discussion

This two-sample Mendelian randomization study found limited evidence for a potential causal relationship between
genetic predisposition to adenomyosis or endometriosis and most common APOs investigated, including preterm birth,
abnormal birth weight, placental issues, and gestational diabetes. However, a potential weak causal link between
endometriosis and an increased risk of multiple consecutive miscarriages was suggested. Robustness was supported by
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Table 2 Results on Sensitivity Analysis

Exposure Outcome Heterogeneity Pleiotropy
Q Statistic (IVW) | P value | MR-Egger Intercept | P value

Adenomyosis | Preterm birth 1.96 0.58 0.042 0.68
Birthweight 21.61 <0.01 0.013 0.77
Abruptio placentae and placenta previa | 1.12 0.77 0.109 0.57
Miscarriage and stillbirth 1.31 0.73 0.049 0.6l
Gestational duration 387 0.02 —0.003 0.54
Multiple consecutive miscarriage 313 <0.01 0.018 0.37

Endometriosis | Preterm birth 373 0.04 0.038 0.05
Birthweight 138.9 <0.01 —0.008 0.13
Abruptio placentae and placenta previa | 25.92 0.47 0.001 0.98
Miscarriage and stillbirth 12.48 0.99 —0.007 0.62
Gestational duration 24.54 0.55 —0.002 0.55
Multiple consecutive miscarriage 27 0.03 —0.001 0.94

Abbreviations: MR, Mendelian randomization; IVWV, inverse-variance weighted.

sensitivity analyses (MR-PRESSO, MR-Egger intercept, Cochran’s Q), which indicated no significant heterogeneity or
horizontal pleiotropy, suggesting [Vs likely act through adenomyosis/endometriosis.

The observed association between endometriosis and multiple consecutive miscarriages aligns with some existing
observational literature.’*>° A recent nationwide cohort study demonstrated a significant association between endome-
triosis and an increased risk of recurrent pregnancy loss.*® Similarly, Vercellini et al reported lower pregnancy and live
birth rates, alongside an increased risk of miscarriage, in patients with endometriosis.>® Mechanistically, successful
pregnancy maintenance relies on local immune tolerance and appropriate uterine vascular remodeling, partly regulated by
decidual natural killer (NK) cells. Dysfunctional NK cells have been implicated in miscarriage.*>*' Notably, CD200S,
a molecule linked to fetal rejection and expressed by endometrial NK cells, is found at increased frequencies in

endometriosis, potentially impairing embryo survival.**

While our MR study provides some genetic support for
a potential causal link between endometriosis and multiple consecutive miscarriages, further research is essential to
elucidate the precise underlying mechanisms.

Our findings did not support a significant causal association between genetically predicted endometriosis or adeno-
myosis and most other APOs, such as placenta previa, preterm birth, and low birth weight, which contrast with some
observational studies. For instance, retrospective and cohort studies have reported positive associations between
endometriosis and placenta previa,'* or increased risks of preterm birth*® and low birth weight in women with
adenomyosis.** These discrepancies between MR findings and observational studies could arise from several factors.
Observational studies are often susceptible to unmeasured or residual confounding factors (eg, educational level,
socioeconomic status, lifestyle) and reverse causation, which MR analysis aims to mitigate.*> Furthermore, the broad
categorization of endometriosis and adenomyosis without considering specific subtypes or disease severity in many
studies, including our GWAS-based exposure, might obscure subtype-specific effects.

It is also crucial to consider the impact of comorbid gynecological conditions that frequently coexist with adeno-
myosis or endometriosis, such as uterine fibroids, PCOS, and uterine malformations, which can independently influence
pregnancy outcomes.'>*® For example, uterine fibroids can enlarge during pregnancy, potentially leading to fetal growth
restriction and preterm labor.*” The co-occurrence of PCOS and endometriosis may represent a distinct phenotype with
specific implications for pregnancy,*® possibly linked through complex pathways like kisspeptin receptor signaling,
although its role in endometriosis pathogenesis is less established than in PCOS.** The GWAS datasets used in our study
might also include individuals with unrecognized coexisting adenomyosis and endometriosis, potentially diluting specific
effects, especially given that awareness and diagnostic accuracy for adenomyosis have improved more recently.*
Additionally, variations in diagnostic expertise could lead to underdiagnosis, further complicating the interpretation of
broad population-based genetic associations.
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The heterogeneity within endometriosis and adenomyosis likely plays a significant role. An observational study by
Fernando et al indicated an increased risk of preterm birth specifically among women with ovarian endometrioma,*® while
Benaglia et al reported no such increased risk in a similar subgroup undergoing assisted reproductive technology.”' These
contrasting findings highlight the need for future MR studies to, where possible, utilize GWAS data for distinct clinical or
pathological subtypes of endometriosis and adenomyosis to explore more nuanced causal relationships with APOs. Clinically,
managing pregnancies in women with endometriosis or adenomyosis necessitates a personalized, multidisciplinary approach,
involving obstetricians experienced in high-risk pregnancies, to optimize maternal and fetal well-being.

Regarding adenomyosis, our study did not observe significant causal associations with APOs. Several factors might
contribute to this null finding. First, the genetic instruments for adenomyosis might have lower explanatory power
compared to endometriosis due to smaller sample sizes in the original GWAS or greater phenotypic heterogeneity.
Second, adenomyosis is often underdiagnosed or misdiagnosed as fibroids in general populations,> which could
introduce classification bias in the source data. Future studies with larger, more phenotypically refined cohorts are
needed to validate these findings.

Our study possesses several strengths, including the use of an MR design to minimize confounding and reverse
causality, rigorous IV selection criteria, and the utilization of large-scale, recent GWAS data, enhancing the reliability of
our estimates. However, certain limitations must be acknowledged. MR analysis cannot account for all genetic or
epigenetic mechanisms (eg, DNA methylation, RNA editing) that might influence disease. The reliance on GWAS
data predominantly from European populations may limit the generalizability of our findings to other ethnicities,
introducing potential racial bias. While a small number of SNPs did not directly match in the outcome datasets and
were proxied, this is unlikely to have substantially affected the overall results.

Conclusion

In conclusion, our two-sample MR study revealed that endometriosis may be a risk factor for multiple consecutive
miscarriage. However, no evidence of a causal association was observed for adenomyosis and the studied APOs. Clinical
management should consider comorbidities with adenomyosis/endometriosis, and decisions related to pregnancy should
be influenced by the existence of endometriosis. Further research is needed on the association of different subtypes of
adenomyosis/endometriosis with APOs.
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