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Background: Endometrial polyps (EPs) are one of the most common intrauterine benign tumors, and are an important cause of
uterine bleeding and female infertility. Previous studies have suggested that endometritis may contribute to the onset of EPs. This study
aims to reveal the causal effect of endometritis on EPs by a two-sample Mendelian randomization (MR) study.

Methods: Utilizing summarized statistics from genome-wide association studies (GWAS) in the European population, we conducted
a Mendelian randomization study. In order to select suitable instrumental variables (IVs) that were significantly related to the
exposures, a number of quality control approaches were used. For endometritis, 2144 cases and 111,858 controls were included,
while for EPs, 2252 cases and 460,758 controls. Utilizing the inverse variance weighted (IVW) as the primary analysis, the data were
subjected to a two-sample MR analysis, and the weighted median (WM) technique and MR-Egger regression were carried out
additionally. The sensitivity analysis revealed neither heterogeneity nor horizontal pleiotropy.

Results: Four independent single nucleotide polymorphisms (SNPs) from endometritis GWAS as IVs were selected. The IVW data
did not agree to a causal association between endometritis and EPs (B=1.11e-04, standard error [SE] =4.88e-04, P = 0.82). Directional
pleiotropy did not affect the outcome, according to the MR-Egger regression (intercept = 0.09, P = 0.10); Additionally, it showed no
causation association between endometritis and EPs (B= —3.28e-03, SE = 3.54e-03, P = 0.45). Similar results were obtained using the
weighted-median method (B=8.56e-05, SE=5.97¢-04, P = 0.89). No proof of heterogeneity and horizontal pleiotropy between IV
estimates was discovered.

Conclusion: In conclusion, by large scale genetic data, the results of this MR analysis provided suggestive evidence that the presence
of endometritis is not associated with higher EPs risk.
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Introduction

Endometrial polyps (EPs) are localized, sessile or pedunculate extensions of the endometrial mucosa that are one of the
most common intrauterine benign tumors with a prevalence ranging from 7.8% to 34.9%."% As an important cause of
uterine bleeding and female infertility, researches on the etiology of EPs are of great clinical value and could also serve to
the reduction of the health insurance burden.>* The precise mechanisms involved in the pathogenesis of EPs remain
obscure. Currently, it is believed that hormonal variables play a major role in the pathogenesis of EPs.” Obesity, estrogen
therapy and tamoxifen therapy have been recognized as causative factors for EPs via strengthening the routes for
estrogen receptor pathways.®’

Chronic endometritis (CE) is defined as a persistent chronic inflammation of the endometrium, whose diagnosis is
based on the presence of plasma cell infiltration within stromal tissue of endometrium.®’ In 2005, Cicinelli et al
demonstrated that CE was associated with small mucosal proliferations (<1 mm in diameter), defined as “micropolyps”
firstly.'®'! During the last years, different studies have investigated the correlation between CE and EPs.'?"'* However,
as there are also accessible opposing data, these suspects have not yet been investigated for confirmation.'® It is vital to
define the direction of the correlation and offer genetic evidence between endometritis and EPs because the relationship
between the two is far from evident.
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A developing statistical technique called Mendelian randomization (MR) studies at the relationship of causation
between exposure and result by employing genetic variations as IVs for the exposure.'>'® MR analysis might lessen
interference from confounding factors and reverse causation'® since genetic variations are distributed at random during
gamete production and conception, which can avoid many of the possible methodological shortcomings of observational
research.'’

As the relationship between CE and EPs remains unclear, in this study, we identified the causal relationship between
endometritis and EPs by using a two-sample MR.

Materials and Methods
Study Design
The MR study is based on three predominant hypotheses (1) There is a strong and persistent correlation between certain
IVs and exposures. (2) There is no correlation between confounding factors and IVs. (3) IVs affect results directly
through exposures, but not through other mechanisms. Genetic variants are frequently utilized as I'Vs, due to their well-
defined nature and resistance to alteration by environmental factors, thereby avoiding reverse causation.'®

The GWAS ID “finn-b-N14 INFLUTH” of the IEU Open GWAS database was used to acquire endometritis data by
the R package TwoSampleMR (v 0.5.6).">*° The Pan-UK Biobank website provided the GWAS summary statistics for
EPs among Europeans in the UK Biobank.?' Endometritis data included 2144 cases and 111,858 controls, and the data of
EPs included 2252 cases and 460,758 cases. The diagnosis of endometritis is defined by N71 in the International
Classification of Diseases, 10th Revision (ICD-10). The diagnosis of EPs is defined by N84 in ICD-10.

Figure 1 illustrates the conceptual and analytical flow of this study.

Genetic Variants Selection and Data Sources

We investigated relationships between endometritis and EPs using instrumental variables. To choose suitable instrumental
variables, we used a rigorous quality control process. First of all, only SNPs with p-values lower than 5¢-08 were considered to
have a substantial link with endometritis in order to fulfill the correlation between SNP and exposure. Unfortunately, only a small
number of SNPs at this level were connected to endometritis, therefore the genetic instruments were adjusted at P<le-05.>>* In
order to completely eradicate linkage disequilibrium (LD), we simultaneously set the standard as r2=0.001 and the breadth of the
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Figure | lllustrates the conceptual and analytical flow of this study.
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LD area to 10,000 kb. The 1000 Genomes Project’s European reference panel, which was used to assess LD between SNPs,
served as the basis for the clumping phase. When harmonizing data of the exposure and outcome, we additionally eliminated
SNPs with non-concordant alleles and palindrome SNPs with unclear strands. Last but not least, the F statistic was calculated as
a measure of the strength of the instruments.”> The F value of each SNP was calculated using the formula (F =2/SE2), and SNPs
with F value <10 were excluded in order to make sure that the SNPs stated above did not generate mild instrumental bias.>>=° All
IVs selection and quality control procedures are completed using the R package TwoSampleMR (v0.5.6)."

Statistical Analysis

In order to establish the causal relationship between endometritis and EPs, MR analysis was performed mainly using the WM,
MR-Egger, and IVW approaches. In the main analyses, the [IVW approach was used as the primary statistical model because it
permitted all SNPs to exhibit a random degree of horizontal pleiotropy and produced estimates that were more precise than
those from the two methods mentioned above. However, it assumes that all genetic variants are valid instrumental variables, an
assumption that may not hold in practice.?’ Thus, other robust methods which do not require all genetic variants to be valid IVs
were also employed to give consistent estimates of a causal parameter.®*° Specifically, the WM and MR-Egger were used.

Sensitivity Analysis

Firstly, we used the MR-Egger regression and the causal estimates of fixed effects IVW technique to detect
heterogeneity.>® Cochran’s Q statistics were used to measure the heterogeneities, and a P-value below 0.05 was deemed
significant heterogeneity. The intercept term in MR-Egger regression may show the directional horizontal pleiotropy in
the causal estimations.'” Additionally, the R-based package MRPRESSO was used to build MR Pleiotropy RE Sidual
Sum and Outlier (MR-PRESSO), which detects and corrects for horizontal pleiotropy by eliminating outliers. In addition,
we conducted a “leave-one-out” analysis in which each SNP was eliminated in turn, and then MR analysis was done on
the remaining SNPs to identify possibly outlying IVs.

Results

Instrumental Variables Selection

Four independent SNPs from endometritis GWASs as IVs were obtained for MR analysis. These SNPs were rs10255973,
rs1053102, rs11578938, 1s62366729. Furthermore, the MRPRESSO test failed to identify outlier IVs (Table 1). No
outliers were discovered after MR-PRESSO analysis.

Mendelian Randomization Analyze
The results of the MR analysis generally revealed that endometritis and EPs are not causally related.

Endometritis on EPs (IVW method: odds ratio (OR) = 1.00, 95% confidence interval (CI) 0.99-1.00, P = 0.82) were
not genetically associated. The MR estimates determined using weighted-median, and MR-Egger regression methods
were consistent (MR-egger method: OR = 0.99, 95% CI: 0.98-1.00, P = 0.45; weighted-median method: OR = 1.00, 95%
CI: 0.99-1.00, P = 0.89) (Figure 2).

Table | Instrumental SNPs from GWAS on Endometritis and Endometrial Polyp

Exposure (Endometritis) Outcome (Endometrial Polyp)
Instrumental SNP | Effect Allele Chr Position Beta SE P-value B SE P-value
rs10255973 A 7 153,616,857 0.17 0.036 1.66e-06 | 2.07e-04 1.61e-04 0.20
rs1053102 G 17 48,188,755 0.17 0.036 1.98e-06 | —2.56e-05 | 1.69e-04 0.88
rs1 1578938 T | 199,892,279 —0.14 0.031 4.30e-06 | —5.10e-05 | 1.49e-04 0.73
rs62366729 A 5 91,911,520 0.21 0.044 1.22e-06 | —2.04e-04 | 1.99e-04 0.31

Abbreviations: SE, standard error; SNP, single-nucleotide polymorphism; B, B coefficient.
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Figure 2 Association of genetic susceptibility to various allergic diseases with endometritis of endometrial polyp. Statistical significance: p < 0.05.
Abbreviations: IV, inverse-variance weighted; MR, Mendelian randomization; OR, odds ratio.

Sensitivity Test

With endometritis as exposure factors, the sensitivity analysis revealed that neither the Cochran’s Q statistic nor the MR-
Egger regression intercept was significant (p > 0.05), showing neither heterogeneity nor horizontal pleiotropy (Table 2).
In addition, “leave-one-out” analysis did not identify the existence of outlier IVs, confirming the robustness of our
findings. MR-PRESSO methods were also conducted for sensitivity analyses in MR analysis.

Discussion

According to our knowledge, this is the first MR research to examine the relationship between endometritis and EPs. For
MR studies, we assessed causality using three dominant estimate approaches: IVW, WM, and MR-Egger regression. The
results of these three analyses mentioned above were consistent and our findings demonstrated a non-genetic connection
between endometritis and EPs utilizing large-scale GWAS data for MR analysis. Besides, the sensitivity test confirmed
the robustness of our findings.

Our MR studies contribute valuable affirmative evidence to the ongoing discourse on the relationship between
endometritis and EPs.

EPs are a common benign gynecological disease with high recurrence, often manifested as abnormal uterine bleeding
(AUB), infertility and risk of endometrial cancer.>'? In case of endometrial cancer, assisted reproductive technologies
can assist patients in achieving their fertility goals if a fertility-preserving approach is not possible.>* ¢

Although endometrial physiology and pathology have been better understood during the past ten years, the etiology of EPs is
still not completely understood.*”” It is meaningful to clarify the specific pathogenesis of EPs for the prevention and treatment
of this disease. Recently, some studies suggest a possible relationship between chronic inflammation and the development of EPs,
and the same condition may occur in polyps of many mucosal tissues across the human body (including lower gastrointestinal
tract, the urinary tract and upper respiratory tract).*** The endometritis is one of the most common inflammation of uterus.

Endometritis can adversely affect embryo implantation by decreasing endometrial tolerance through multiple pathways.***® In

case of women with untreated endometritis, the frozen-embryo transfer protocol would result in better pregnancy outcomes.**>

As a result, we selected endometritis as an exposure variable to investigate the causal relationship.

Table 2 Heterogeneity Test and Horizontal Pleiotropy Test

Heterogeneity Test Horizontal Pleiotropy Test
Exposure Outcome Method | Cochran’s Q | Q_ pval | Egger_Intercept SE P-val
Endometritis | Endometrial Polyp (\A%% 7.0l 0.32 0.09 0.05 0.10
MR-Egger 2.96 0.71

Note: Statistical significance: p < 0.05.
Abbreviations: IVVV, inverse-variance weighted; MR, Mendelian randomization; SE, standard error.
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Some previous studies have found that a higher prevalence of endometritis in the endometrial polyp group, and
proposed that endometritis was considered as another factor in the development of EPs.*”* It should be noted that the
selection of participants in these observational studies above was of specialized populations, such as those with infertility
or abnormal uterine bleeding. Thus, these findings may not be generalizable. Besides, other studies debate these
viewpoints. A prospective cross-sectional study by Kitaya et al reported no plasma cell infiltration which is seen as
a characteristic manifestation of endometritis within samples from EPs.'* In addition, compared to EP tissue, the density
of plasma cells was much larger in micropolyps. Another study by Resta L et al also revealed that there exist obvious
differences in the expression of growth factors between micropolyps and EPs.>' According to reports, just little more than
one-third (33.7%) of polyps form as a result of inflammation.>* Consistent with these above findings, the results of our
study did not support a causal relationship between endometritis and EPs. One explanation for these contradicting
findings might be that endometrial macropolyps (also known as EPs) and micropolyps have distinct etiologies and
pathophysiology.'* Endometrial micropolyps (one of the characteristic manifestations of chronic endometritis) may grow
in an inflammatory milieu which have been observed to co-exist with endometritis and exhibit an aberrant local
mononuclear cell composition, whereas endometrial macropolyps (ie, EPs) are hypothesized to form under an estrogen-
sensitive situation.'® In addition, it has been speculated that single versus multiple polyps may also have different
pathogenesis. Only multiple EP were independently related with endometritis, according to Luyan Guo et al, while the
single polyp did not significantly correlate with inflammation.>® This is another explanation for the non-causal relation-
ship between endometritis and EPs in our study.

One of the advantage of this study is that there exists no randomized controlled trials (RCT) of endometritis in EPs,
and the observational studies that have been conducted in the past are susceptible to several inevitable confounding
variables. The observed association of endometritis with EPs, however, may be due to bias or confounding factors
inherent to observational studies, reverse causation, small study numbers and sizes, and selection biases. Limited by
the inherent shortcomings of traditional observational studies, the current evidence is insufficient to draw firm
conclusions. Because the MR approach is based on the idea that genetic variations are randomly distributed during
gamete production and conception, it is less vulnerable to confounding bias and reverse causality.'® In addition, we
employed two separate large-scale datasets (UK Biobank and IEU Open GWAS database) for the endometritis and EPs
data. Finally, to assess the validity of the assumptions surrounding the I'Vs, we used a variety of additional studies for
sensitivity analyses.

Despite the strengths, a few limitations should not to be ignored. First off, the study only used a small amount of
SNPs as IVs, which might weaken the power to detect associations. Secondly, due to limitations of GWAS data, this
study did not stratify confounders of EPs, such as age, BMI, diabetes and so on. Thirdly, the generalizability of our
findings is still up in the air because all of our participants were of European descent. Finally, more clinical data and
fundamental mechanistic investigations are required to support the database resources.

Conclusions

In conclusion, by large scale genetic data, this work overcame limitations inherent to observational studies and provided
valuable suggestive evidence that the presence of endometritis is not associated with higher EPs risk. Future large-scale
randomized controlled trials are needed to clarify the underlying mechanisms of EPs and point to new therapies against
occurrence and recurrence of EPs in the future.

Data Sharing Statement

The GWAS summary statistics for endometritis are available on the IEU Open GWAS database (https://gwas.mrcieu.ac.uk/).
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polyp among Europeans in the UK Biobank.
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