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                ABSTRACT
Objective: The objective of this study was to investigate the causal relationship between the number of lifetime sexual partners (NLSP) and cervical cancer (CC) using the Mendelian randomization (MR) method. Methods: Genome-wide association study (GWAS) data on NLSP and CC were obtained from the integrative epidemiology unit open genome-wide association studies (IEU OpenGWAS) project. To assess the correlation between NLSP and CC risk, we employed the inverse-variance weighted (IVW) method, applying a preset threshold to select single nucleotide polymorphisms (SNPs) closely related to NLSP. Instrumental variables (IVs) were constructed using isolated SNPs. Heterogeneity among the SNPs was evaluated using the Cochran Q test. The presence of abnormal SNPs was tested with MR pleiotropy residual sum and outlier test (MR-PRESSO). The Mendelian randomization-Egger (MR-Egger) intercept test was conducted to examine horizontal pleiotropy among the SNPs. Additionally, the "leave-one-out" sensitivity analysis was performed to assess whether the MR results were influenced by any single SNP. Results: A total of 63 SNPs correlated with NLSP were screened. IVW analysis revealed no causal relationship between NLSP and CC, with an odds ratio (OR) of 1.001, 95% confidence interval (CI): 0.996 – 1.005, P = 0.797. The Cochran Q test indicated no significant heterogeneity among the included SNPs (Q = 73.051, P = 0.07). The MR-Egger intercept value was 1.61×10-5 (P = 0.903), suggesting no genetic pleiotropy among the screened SNPs. MR-PRESSO did not identify any outlier SNPs. Furthermore, the "leave-one-out" sensitivity analysis indicated that the causal estimates were unlikely to be influenced by specific SNP effects. Conclusion: Our findings suggest that there may be no causal relationship between the NLSP predicted by genetics and the risk of CC.
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                INTRODUCTION
Cervical cancer (CC) stands as the most prevalent malignant tumor-like disease in gynecology, commonly presenting with clinical symptoms such as vaginal bleeding, discharge, and secondary tumor-related manifestations. Existing research suggests that its occurrence is primarily linked to Human Papillomavirus (HPV) virus infection, with sexual behavior, the number of deliveries, and other biological factors potentially contributing to its pathogenesis.[1,2] Since the mid-1970’s, the incidence of CC has declined by more than half due to widespread screening practices. The introduction of the first HPV vaccine in 2006 has further reduced CC prevalence, making it one of the most preventable cancers. However, according to the latest global cancer statistics in 2023, CC remains the third most common female malignancy, with the second highest morbidity and mortality rates. Differences in CC screening and HPV vaccine coverage lead to varying incidence trends across age, race, and ethnicity, influenced further by economic ability and educational environment.[3,4] These disparities pose a significant threat to women's health and increase the economic burden on society. Numerous observational studies have indicated that high-risk sexual behaviors are a primary cause of CC incidence, yet they have failed to establish a causal relationship between the two.[5–7] Due to the private nature of sexual behavior and the traditional observational epidemiological design of these studies, sample sizes are often limited, and they are susceptible to confounding factors and reverse causality. These limitations hinder the ability to prove a causal link between exposure and outcome. Mendelian randomization (MR) offers a solution to these challenges. MR addresses the limitations of observational studies by leveraging whole genome sequencing data and the Mendelian second law to reveal causality.[8] Its core principle involves using single nucleotide polymorphisms (SNPs) as instrumental variables (IVs) to demonstrate a causal relationship between exposure and outcome. Since parental alleles are passed to offspring following the "random distribution principle" during meiosis, MR is often referred to as a "natural randomized controlled trial," circumventing the interferences of reverse causation and confounding factors in traditional epidemiological studies.[9] Sexual behavior encompasses various aspects, including the number of lifetime sexual partners (NLSP), sexual age, and frequency. Currently, only a genome-wide association studies (GWAS) database on NLSP is available. Therefore, this study aims to explore the causal relationship between NLSP and CC using the MR method.
DATA AND METHODS
Research principles
The rationale behind MR lies in leveraging genetic variants associated with both the exposure and the outcome as IVs to deduce the presence of a causal relationship between them. In this study, we employed the NLSP as the exposure factor. Genetic variants, specifically SNPs significantly correlated with the NLSP, served as the IVs, while CC constituted the outcome variable. Following the removal of outliers, we conducted a two-sample MR (TSMR) analysis, incorporating heterogeneity and pleiotropy tests, to assess causality. The robustness of our findings was subsequently verified. The fundamental steps in our methodology encompassed: acquiring GWAS summary data, screening and evaluating SNPs, performing statistical analyses, and conducting quality assessments. The accuracy of our MR analysis hinges on three core assumptions, as outlined in: (1) IVs need to be closely related to exposure; (2) IVs was independent of confounding factors that affected the "exposure outcome."; (3) IVs only affected the outcome through exposure but not through other means, as shown in (Figure 1).[10]
[image: Figure 1]
Figure 1. The Mendelian randomization model of the number of lifetime sexual partners and cervical cancer. IVs, instrumental variables
Data sources
Relevant data on the NLSP [11] and CC [12] were retrieved from the integrative epidemiology unit open genome-wide association studies (IEU open GWAS database) (accessible at https://gwas MRcieu.ac.uk/). The study dataset for the NLSP, identified as ukb-b-4256, comprised 378,882 individuals and encompassed a total of 9,851,867 SNPs. Meanwhile, the CC study, identified as ieu-b-4876, included a sample size of 199,086 participants with 850,626 SNPs. Notably, both datasets originated from European populations.
Screening of IVs
IVs were screened based on the fundamental assumptions underlying MR. SNPs significantly associated with the exposure were extracted from the pooled GWAS database using a threshold of P < 5×10-8 to satisfy the association assumption. The TSMR tool in R4.2.2 software was utilized for clump calculations. The parameters kb = 10, 000 and r2 = 0.001 were set to cluster SNPs, thereby excluding the influence of linkage disequilibrium and ensuring that the IVs did not interact with each other.[13] Subsequently, the SNPs significantly correlated with the NLSP were retrieved from the GWAS data on CC. The exposure and outcome data were adjusted to ensure consistency in direction, and SNPs with palindromic structures were eliminated. The exposure and outcome datasets were then collated and merged. To address horizontal pleiotropy, outlier tests were conducted using Mendelian randomization pleiotropy residual sum and outlier test (MR-PRESSO).[14] This step involved removing outliers and excluding SNPs directly associated with CC,[15] thereby refining the set of IVs used in the MR analysis.
Statistical analysis
Estimation of the causal effect of the NLSP and CC
This study will employ five distinct methods to estimate the causal relationship between the exposure and outcome variables: the the inverse-variance weighted (IVW) method, the Weighted Median (WM) method, the Mendelian randomization-Egger (MR-Egger) method, the Simple Mode method, and the Weighted Mode method.[16] The IVW method serves as the primary tool for causality estimation and is widely regarded as the standard approach in MR analysis. When all screened SNPs are valid IVs, the IVW method can accurately estimate the causal effect by combining the Wald ratios calculated for each IV, utilizing a random effects model in the presence of heterogeneity and a fixed effects model in its absence.[14] The MR-Egger method is employed to detect potential pleiotropy,[17] while the WM method necessitates that more than half of the IVs be valid SNPs to provide consistent causal effect estimates.[18] In scenarios where up to half of the IVs may be invalid, the WM method can still calculate consistent estimates of causal effects.[19] Lastly, the Simple Mode method allows for grouping of SNPs with similar effects, based on the similarity of the estimated causal effects,[10] thereby facilitating a more nuanced analysis of the causal relationship between the exposure and outcome variables.
Quality control
In this study, we employed a series of rigorous methods to assess the stability and reliability of the MR results. Firstly, we calculated the F values for each individual SNP and conducted a weak IV bias test on the selected IVs. The F value was derived using the formula F = β² exposure/SE² exposure, where β represents the allelic effect size of the exposure, and SE denotes the standard error of the exposure.[20] Secondly, we evaluated the heterogeneity among the SNPs using the Cochran Q test. A statistically significant result from the Cochran Q test indicated the presence of notable heterogeneity within the study. Thirdly, we utilized the MR-Egger method to detect any pleiotropic effects associated with the SNPs. A statistically significant MR-Egger test result suggested that the analysis contained significant pleiotropy. Fourthly, we analyzed MR residuals and outliers to identify any outlier SNPs in the results. If any outliers were detected, they were excluded from the analysis, and the process was repeated. Fifthly, to further assess the stability and reliability of our results, we recalculated the combined effect of the remaining SNPs after individually removing each one. For the purposes of this study, we conducted the MR analysis and quality control using the TSMR package in R version 4.2.2 software, with a significance level set at α = 0.05.
RESULTS
Screened IVs
In this study, we identified 63 SNPs that exhibited a significant correlation with the NLSP. Subsequently, we retrieved and extracted the pooled data from CC, noting that 3 SNPs were absent from the CC GWAS dataset. Additionally, two palindromic sequences, namely rs2194027 and rs28457046, were excluded from our analysis. Furthermore, outliers were not considered based on the MR-PRESSO test. Ultimately, a total of 58 SNPs were selected for analysis, all of which had F values exceeding 10, indicating a reduced likelihood of the presence of weak variables (Table 1).
Table 1: Summary of the number of lifetime sexual partners and cervical cancer.


	
Item

	
Sample size

	
No. of SNPs

	
Race

	
Gender

	
Year






	Lifetime number of sexual partners
	378,882
	9,851,867
	European
	Male and female
	2018



	Cervical cancer
	199,086
	8,506,261
	European
	Female
	2021





MR results for both samples
IVW results showed that odds ratio (OR) = 1.001, 95% confidence interval (CI): 0.996 -1.005, P = 0.797, suggesting that the NLSP may not be related to the incidence of CC, the forest diagram analyzed by MR is shown in Figure 2, and the MR-Egger method as a complementary to the IVW result also shows that there is no obvious causal relationship between NLSP and CC, and shows the relevant results of the five MR Tests (Table 2). The scatter plot is shown in (Figure 3).
[image: Figure 2]
Figure 2. Forest plot of the number of lifetime sexual partners and cervical cancer. The horizontal axis represents the exposure effect, while the vertical axis represents the names of single nucleotide polymorphisms. Each black dot signifies an individual single nucleotide polymorphism. The horizontal lines depict the effect sizes and confidence intervals of each individual single nucleotide polymorphism on the outcome.
[image: Figure 3]
Figure 3. Scatter plot of the number of lifetime sexual partners and cervical cancer. Different colors represent different Mendelian randomization methods. Each black dot signifies an individual single nucleotide polymorphism. The horizontal lines depict the 95% confidence interval for the corresponding exposure factors, while the vertical lines represent the confidence intervals for the outcome indicators.
Table 2: The results of the five Mendelian randomization methods.


	
Method

	
nSNP

	
OR (95% CI) 
	

P value






	MR Egger
	58
	0.999 (0.980 - 1.019) 
	0.950



	Weighted median
	58
	1.002 (0.999 - 1.008) 
	0.423



	Inverse variance weighted
	58
	1.001 (0.996 - 1.005) 
	0.797



	Simple mode
	58
	1.007 (0.992 - 1.022) 
	0.363



	Weighted mode
	58
	1.007 (0.992 - 1.021) 
	0.378





Quality control
The Cochran Q test yielded results with Q = 73.051 and P = 0.07, suggesting an absence of heterogeneity among the selected SNPs. Furthermore, the MR-Egger analysis produced a value of 1.61 × 10-5 with P = 0.903, indicating that the causal effect analysis was unperturbed by pleiotropic effects. The funnel plot exhibited approximate symmetry on both sides (Figure 4), suggesting a minimal likelihood of being influenced by potential biases. Additionally, the MR-PRESSO results indicated no detection of outlier SNPs (P = 0.072). The "leave-one-out" method revealed that, upon sequentially eliminating individual SNPs through a one-by-one elimination test, the results for the remaining 57 SNPs were consistent with those obtained from the IVW analysis that encompassed all SNPs. Notably, all these SNPs resided on the right side of the null line (Figure 5), affirming the reliability of the MR analysis.
[image: Figure 4]
Figure 4. Funnel plot of the number of lifetime sexual partners and cervical cancer. Each black dot represents an individual single nucleotide polymorphism, and the funnel plot shows a roughly symmetrical distribution on both sides, indicating a low likelihood of being affected by potential bias.
[image: Figure 5]
Figure 5. "Leave-one-out" sensitivity analysis. Each black dot represents an individual single nucleotide polymorphism. The impact of the remaining single nucleotide polymorphisms on the outcome, after removing individual single nucleotide polymorphisms, is shown. The horizontal lines represent the 95% confidence interval. This figure demonstrates the robustness of the Mendelian randomization analysis results.
DISCUSSION
This TSMR analysis has confirmed the association between NLSP and CC. Utilizing five distinct analytical methods, namely the IVW, MR-Egger, WM, Weighted Mode-based Estimate (WME), and Simple Mode, the study revealed the absence of a statistically significant causal link between NLSP and CC. It is well-documented that chronic HPV infection constitutes a pivotal risk factor for the development of CC. Preventive measures aimed at controlling HPV infection have the potential to diminish the incidence of CC. Notably, contemporary research has established HPV infection as the most prevalent sexually transmitted disease, with high-risk sexual behaviors significantly enhancing women's susceptibility to HPV. These behaviors include having multiple sexual partners, engaging in frequent sexual activity, and initiating sexual activity at an early age.[21,22]
A study conducted in China, with a sample size of 98, 036 participants, revealed that the primary risk factors for women's susceptibility to HPV infection included the age of first sexual intercourse (OR = 1.62, 95% CI: 1.16 – 2.26), NLSP (OR = 1.49, 95% CI: 1.27–1.76), and the frequency of sexual intercourse (OR = 1.95, 95% CI: 1.45–2.62).[23] Additionally, a Canadian study also demonstrated a strong association between HPV infection and NLSP (OR = 3.04, 95% CI: 1.99 – 4.65).[24] Relevant research has concluded that sexual behavior is linked to the incidence of CC. The present study aimed to investigate whether a causal correlation exists between NLSP and CC from a genetic perspective through MR. However, the results indicated that NLSP may not elevate the risk of CC, which somewhat contrasts with the existing observational studies. Possible reasons for this discrepancy may include: (1) the NLSP may not increase the risk of CC in the case of fulfilling the safe sex conditions may have little effect on HPV infection; (2) The risk of infecting HPV has decreased with the use of the HPV vaccine; (3) screening for CC is becoming more common, and CC is being managed before it occurs; (4) HPV infection pathways are complex and interact with each other, while the human immune system clears HPV infection to a certain extent, which does not necessarily progress to CC. (5) The relevant GWAS data in this study were derived from the European population, and the GWAS data were small and the population was limited. Compared with the annual incidence of CC in the world and China, the small sample size may limit the statistical power of the study, increase the margin of error, and lead to less accurate estimates of associations, taking into account differences in ethnic, economic conditions and cultural norms. Different populations may have different genetic backgrounds, healthcare, and patterns of sexual behavior, which raises questions about the potential impact on the reliability of the results, possibly affecting the causal relationship between sexual partners and CC risk. This study is statistical and cannot further explore the mechanism. Combined with the current research, it can only be concluded that there is a correlation between the number of lifetime sexual partners and cervical cancer, but there may not be causality. Follow-up studies should be carried out among different ethnic groups and include larger and more representative samples to ensure the reliability of the conclusions. Further stratified studies should be conducted on whether there is safe sex in multiple sexual partners and the frequency of sexual life, so as to further explore the impact of the NLSP on CC. Further studies are expected to explore the causal effects of relevant exposure factors on disease. Although MR has significant advantages in establishing causality, limitations related to population diversity and sample size should be carefully addressed. These factors are essential to accurately interpret the results and ensure their applicability in different contexts. In summary, this study adopted TSMR Method to explore the causal relationship between the NLSP and CC and the results showed that there was no causal relationship between the NLSP and CC from the perspective of genetics.
The GWAS data were small and the population was limited. Compared with the annual incidence of CC in the world and China, the small sample size may limit the statistical power of the study, increase the margin of error, and lead to less accurate estimates of associations, taking into account differences in ethnic, economic conditions and cultural norms. Different populations may have different genetic backgrounds, healthcare, and patterns of sexual behavior, which raises questions about the potential impact on the reliability of the results, possibly affecting the causal relationship between sexual partners and CC risk. This study is statistical and cannot further explore the mechanism. Combined with the current research, it can only be concluded that there is a correlation between the NLSP and CC, but there may not be causality. Follow-up studies should be carried out among different ethnic groups and include larger and more representative samples to ensure the reliability of the conclusions.
CONCLUSION
In summary, this study adopted the TSMR Method to discuss the causal relationship between the NLSP and CC, and the results indicated that there was no causal relationship between the NLSP and CC from the perspective of genetics.
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