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Background: Female reproductive disorders (FRDs) are common diseases among women of childbearing age, affecting their
reproductive health. Age at first sexual intercourse (AFS) is potentially linked to FRDs, and this study aims to investigate these
associations and underlying mechanisms, to offer new insights and guidance for sex education in adolescent women and reproductive
health management.

Methods: Mendelian randomization (MR) analysis was performed using summary data from genome-wide association studies
(GWAS:s). The AFS summary data were sourced from 397,338 European participants, and the outcome data were obtained from
the FinnGen consortium. Additionally, multivariate MR (MVMR) and mediation analyses were also adopted to explore more detailed
association. The MR results were rigorously validated, with the inverse variance weighted (IVW) method employed as the primary
approach to assess causal relationships.

Results: There is a significant causal relationship between AFS and ovarian dysfunction (OD), polycystic ovarian syndrome (PCOS),
and spontaneous abortion (0.45 [0.25-0.81], p=0.008; 0.35 [0.17-0.74], p=0.006; 0.76 [0.63—0.92], p=0.006). Among them, the
genetic association between AFS and spontaneous abortion remained significant even after adjusting for more confounding variables
(0.73 [0.55-0.95], p=0.020; 0.76 [0.61-0.95], p=0.015), and Body mass index (BMI) may be an important mediating factor in the
association between AFS and PCOS (38.41%, p=7.17¢-6) or OD (35.64%, p= 1.51¢-6).

Conclusion: Our research suggested that early AFS is closely associated with a higher risk of reproductive disorders, and timely
interventions targeting BMI may partially alleviate the adverse effects of early sexual activity on reproductive health. The analysis
based on genetic data emphasizes the importance of early sex education for adolescents, while weight management can to some extent
avoid the occurrence of reproductive disorders during childbearing age, which also provide scientific basis for understanding the
pathogenesis of FRDs and formulating appropriate reproductive health education strategies.

Keywords: female reproductive disorders, spontaneous abortion, age at first sexual intercourse, body mass index, Mendelian
randomization, mediation effect

Introduction

Female fertility is essential for conception and successful delivery. Evaluating fertility involves assessing factors such as
ovarian reserve, follicle maturation, and embryo development in Female Reproductive Disorders (FRDs), including ovarian
dysfunction (OD), Polycystic Ovary Syndrome (PCOS), endometriosis, primary ovarian failure (POF), and spontaneous
abortion.' These disorders present various fertility and health challenges, and their etiology is complex with considerable
phenotypic variability. While numerous studies have identified potential mechanisms and biomarkers associated with these
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diseases,” the specific genetic mechanisms underlying FRDs remain poorly understood. Research indicates that FRDs may be
influenced by an array of factors. Adverse health conditions, such as fluctuations in body mass index (BMI),* cardiovascular
diseases, ™ diabetes,” and depressive states® that arise prior to the onset of FRDs, may act as mediating or confounding
influences. Moreover, recent studies have established correlations between lifestyle choices—such as smoking, alcohol
consumption, sleep duration, and dietary habits—and the incidence of reproductive diseases.”'”

Age at first sexual intercourse (AFS) has been linked to various health outcomes and serves as a predictive marker for
longevity when combined with genetic variants identified through genome-wide association studies (GWASs).'" Liu et al
found that AFS is a risk factor for severe depression,'* highlighting its potential investigational significance in understanding
future physical and mental health conditions. AFS also plays a crucial role in female sexual development with implications for
reproductive health and human evolution.'® Claire Prince et al revealed a complex bidirectional relationship between
reproductive traits, including AFS, and female body shape across the lifespan,'* emphasizing the strong connection between
AFS and overall female health status. Additionally, studies have suggested a relationship between AFS and epigenetic aging,
indicating that a woman’s developmental experiences may influence the onset of age-related reproductive diseases.'’
However, the exact causal relationship between AFS and more reproductive diseases is still unclear, and previous research
methods cannot avoid the influence of confounding factors. It is crucial to have a broader and deeper understanding of the
pathogenesis of reproductive diseases and develop effective prevention strategies.

Conducting prospective and cohort studies to examine the association between AFS and FRDs on a large scale is an
essential method. However, the research process is complicated by various exposures and confounding factors, which
makes establishing precise associations challenging. Mendelian randomization (MR) is a genetic epidemiological
approach that utilizes single nucleotide polymorphisms (SNPs) as instrumental variables (IVs) to assess relationships
between exposures and outcomes. MR studies can minimize the impact of environmental confounders and reduce reverse
causal relationships.'® Multivariate MR (MVMR) can further investigate the independent effects of various exposures on
outcomes by simultaneously adjusting for multiple confounding factors.

In this study, we conducted in-depth exploration of the genetic association and potential mediating factors between
AFS and FRDs through two sample MR, MVMR, and two-step MR analysis, with the aim of minimizing the interference
and impact of BMI, depression, cardiovascular disease, diabetes, and other lifestyle confounders. The relevant results
will provide evidence for the importance of sex education for adolescent women and long-term weight management in
reproductive health, and broaden the understanding of clinical doctors and researchers on the mechanisms and treatment
strategies of reproductive disorders.

Methods

Research Design

This study utilized a two-sample MR analysis with extensive publicly available GWAS data to investigate the causal
relationship between AFS and FRDs including OD, PCOS, Endometriosis, POF, and spontaneous abortion. Additionally,
the MVMR model was applied to control for genetic variations linked to potential confounders such as BMI, depression,
cardiovascular diseases, and diabetes, aiming to determine if AFS exerts an independent causal effect on FRDs beyond
these confounding factors. Subsequent two-step MR analyses were conducted on identified mediators from the MVMR
outcomes to explore underlying mechanisms. By adjusting for lifestyle factors, the study revealed a causal association
between AFS and FRDs.

The methodology of this study is outlined in Figure 1. To ensure the effectiveness of MR analysis,” three key
assumptions must be satisfied. Assumption 1: the IVs utilized to estimate causal effects should exhibit a strong
association with AFS. Assumption 2: the IVs should be independent of any potential factors that could influence the
relationship between AFS and FRDs. Assumption 3: the IVs should directly impact FRDs through AFS rather than
through alternative pathways.'” Assumption 4: the IVs employed for MVMR must be linked to at least one exposure, in
accordance with the fulfillment of the aforementioned three assumptions.'®
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International Journal of Women’s Health 2025:17 httpsi/doi.org/|0.2147/JWHS534176 9 @3B



Xin et al

Data Sources

We obtained data on exposure and outcomes from the International Oncology Unit (IEU) OpenGWAS and GWAS
directories. The summary statistical data for the exposure factor AFS were derived from a meta-analysis of 36 cohort
studies, representing the largest AFS GWAS to date (ID: ebi-a-GCST90000047). The measurement method of AFS is
carried out by asking questions. Women were asked, “What was your age when you first had sexual intercourse? (Sexual
intercourse includes vaginal, oral or anal intercourse)”, collected from all individuals except those who indicated they
had sexual intercourse under the age of 12 or never had sexual intercourse. Responses to this question were used to
derive AFS data, resulting in a total of 397,338 European subjects.’

Depression data were sourced from the PGC Alliance (170,756 cases and 329,443 controls, ID: ieu-b-102),'” while
ischemic heart disease (IHD) data were obtained from the Neale laboratory (20,857 cases and 340,337 controls, ID: ukb-
d-19_THD). Data on BMI, diabetes, alcohol intake, and coffee intake were retrieved from the MRC-IEU alliance (461,460
subjects, ID: ukb-19953; 18,228 cases and 444,705 controls, ID: ukb-b-12948; 462,346 cases and 9,851,867 controls, ID:
ukb-b-5779; 428,860 cases and 9,851,867 controls, ID: ukb-b-5237). Smoking data were sourced from the GSCAN
Alliance (249,752 cases and 12,003,613 controls, ID: ieu-b-l42).20 Furthermore, IVs for insomnia were extracted from
GWAS data with the ID ebi-a-GCST90018869, comprising 1402 cases and 485,225 controls.>!

All outcome factors, including OD (942 patients and 118,228 controls, ID: finn-b-E4-OVARDYYS), POF (254 patients
and 118,228 controls, ID: finn-b-E4-OVARFAIL), PCOS (642 patients and 118,228 controls, ID: finn-b-E4-POCS),
Endometriosis (8288 patients and 68,969 controls, ID: finn-b-N14 ENDOMETRIOSIS), and spontancous abortion (9113
patients and 89,340 controls, ID: finn-b-O15 ABORT SPONTAN), were obtained from the FinnGen Alliance.*?
Furthermore, all GWAS data utilized in this study originated from European population samples, ensuring no overlap
between exposure and outcome samples, as data for exposure and outcome were derived from distinct cohorts.

Statistical Analysis

Relevant SNPs that met the genome-wide significance threshold of p < 5e-8 were extracted from the GWAS data. To
ensure independence, SNPs with LDr>>0.001 within a 10,000 kb window were excluded to eliminate SNPs in a state of
linkage disequilibrium. The strength of the IVs was assessed using variance (R?) and F-statistic values to mitigate weak
instrumental bias, with F-statistic values exceeding 10 indicating a robust correlation. Pleiotropy testing was conducted to
statistically evaluate the secondary phenotype of the selected SNPs and to eliminate potential pleiotropy effects. The
“harmonise data” function was employed to align the allele directions of exposure and outcome-sharing SNPs and to
exclude incompatible and unidentifiable palindromic SNPs according to their effect allele frequency (EAF), simulta-
neously removing SNPs strongly correlated with the outcome. The remaining SNPs were then subjected to further
analysis. A significance level of p < 0.05 was considered indicative of a causal relationship, with SNPs serving as IVs.
All analyses were conducted using R software (version 4.3.2).

MR Analysis

The MR analysis used inverse variance weighted (IVW) analysis, weighted median (WM) analysis, MR-Egger regres-
sion, a weighted model, and a simple model to evaluate the causal relationship. IVW analysis was the main statistical

. 23,24
analysis method used,**

and P < 0.05 was considered statistically significant. The intercept test of the MR—Egger
method was adopted to analyze whether the IVs had a pleiotropic effect on the results and provided estimates of causal
effects independent of direct effects under weak assumptions.? Weighted and simple model methods have also been used
for sensitivity. The weighted model clusters the SNPs on the basis of similarity and statistics of the inverse variance
weighting of the SNPs of each cluster. A causal estimate was derived on the basis of the maximum weighting.

Scatter, forest, and funnel plots were used to visualize the MR results. Additionally, we used the Mendelian
randomization-pleiotropy residual sum and outlier (MR-PRESSO) method to test all the SNPs globally.”® When SNPs
with heterogeneity were identified, the IVW random effects model was applied,”” and a P value < 0.05 was considered
statistically significant. The MR-Egger intercept and weighted median analysis were used to evaluate horizontal

pleiotropy. Finally, “leave-one-out” analysis was conducted to test the sensitivity of the SNP’s influence on the outcome.
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The combined effect of the remaining SNPs was calculated by removing a single SNP to confirm that no causality was
driven by a single SNP, thus reducing bias. Meanwhile, utilizing bioinformatics databases to understand the function of
SNPs to further exclude the possibility of influencing outcomes through other pathways. We did not correct for multiple
testing in this exploratory study to discover more potential positive indicators.*®

Multivariate MR

We employed MVMR analysis to investigate the potential impact of AFS on the development of FRDs while considering
BMI, depression, heart disease, and diabetes as control variables to address potential confounding factors. Additionally,
MVMR aimed to establish an independent causal link between AFS and FRDs. In cases where outcome variables
exhibited significant causal associations, we adjusted for genetic predisposition to correlated unhealthy lifestyle behaviors
and re-conducted MVMR analysis following the potential factors about lifestyle mentioned above.

Two-Step MR

We performed a two-step MR analysis on the exposure and potential mediators to investigate the mediating effect
(Figure 1). The coefficient product method was employed to illustrate the significance of mediating effects. Due to the
limited number of significant SNPs, we assessed the correlation between IVs in the OD and PCOS cohorts, setting a p
value threshold of <5e-6 for analytical convenience.*’

Results
Vs

According to the requirements of MR analysis that the effect alleles of exposure and outcome are consistent, we removed 1
SNP with incompatible alleles and 37 palindrome SNPs exhibiting moderate allele frequencies to avoid estimating causal
effects that may lead to bias. Subsequently, 154 conditionally independent SNPs were selected as instrumental variables for
the MR analysis of FRDs. Information regarding the F-statistic and R? values was presented in Appendix Table 1. The

F-statistics for all SNPs fell within the range of 27 to 171, suggesting a minimal risk of weak instrumental bias.

Potential Causal Effects of AFS on FRDs—Two-Sample MR

The forest plot (Figure 2) illustrated the MR estimates of the causal relationship between AFS and FRD risk using
various methods. The IVW analysis results, employing the random effects method, indicated a potential negative
association between earlier AFS and the incidence of OD, PCOS, or spontaneous abortion, with no significant correlation
found for POF and Endometriosis. Specifically, later AFS might be associated with reduction in OD risk (Odds Ratio
(OR)=0.45, 95% CI [0.25-0.81]), and linked to low risk of PCOS (OR=0.35, 95% CI [0.17-0.74]) and spontaneous
abortion (OR=0.76, 95% CI [0.63—0.92]). Notably, a similar correlation was observed between AFS using the weighted
median method and the IVW method (OR=0.38, 95% CI [0.16—0.88]). Heterogeneity tests conducted with MR—Egger,
IVW, and MR-PRESSO revealed heterogeneity in the effects of AFS on PCOS and Endometriosis, indicating the
necessity for further investigation into the potential causal relationship between later AFS and these conditions.
However, multiplicity tests did not show any multiplicative effects of AFS on the outcome variables, including PCOS
and Endometriosis (Appendix Table 2). Scatter plots in Appendix Figure 1 depicted the relationship between AFS and

FRDs, while leave-one-out plots for AFS and OD, PCOS, and spontaneous abortion, displayed in Appendix Figures 24,

confirmed the robustness of our findings by excluding the influence of individual SNPs on causal estimates.

Evaluation of the Potential Causal Correlation Between AFS and FRDs Using MVMR
We utilized MVMR-IVM analysis to control confounding factors BMI, depression, diabetes, and ischemic heart disease
statuses, evaluating the direct impact of AFS on FRDs, including OD, PCOS, POF, Endometriosis, or spontaneous
abortion. Results from Appendix Table 3 revealed that after adjusting for potential confounding factors (ischemic heart

disease, and diabetes), the causal effect of AFS on OD and PCOS remained the same (p<0.05). Conversely, adjusting for
BMI or depression attenuated the protective effect of later AFS on PCOS or OD incidence (p>0.05), suggesting the
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Figure 2 Two-sample MR of AFS on FRDs. (A) Risk association between age of first sexual intercourse and reproductive disorders; (B) IVW results between age of first
sexual intercourse and reproductive disorders. *indicates significant differences in association.
Abbreviations: OD, Ovarian dysfunction; PCOS, Polycystic Ovarian Syndrome; POF, Primary ovarian failure; EMs, Endometriosis; SA, Spontaneous abortion.
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significant impact of BMI and depression on ovarian function. It is worth noting that after controlling the influence of
single or all mixed factors such as BMI, depression, diabetes and ischemic heart disease, the significant causal relation-
ship between AFS and the incidence rate of spontaneous abortion still exists (p=0.020, or=0.72, 95% CI [0.55 to 0.95]).
Late AFS is an independent causal factor against the risk of spontaneous abortion: every 1-year increase in the age of first
sexual activity, the risk of spontaneous abortion decreases by 29% (Figure 3A).

The Mediating Effects of BMI on PCOS and OD

The MVMR results, considering confounding factors like BMI, depression, diabetes status, and heart disease status,
revealed a significant influence of BMI on the causal associations between later AFS and PCOS, as well as OD, following
pairwise and full confounding adjustments in the analysis, suggesting its potential mediating role. In the two-step MR
analysis involving BMI. In the first step, BMI IV was used to estimate the causal effect of AFS on potential mediator
variables, and it was found that BMI levels were associated with a decrease in AFS (p<0.001, OR = 0.65, 95% CI [0.60 to
0.71]). Furthermore, BMI was causally linked to an elevated OD risk (p<0.001, OR = 1.99, 95% CI [1.47 to 2.68]). The
causal effect of AFS mediated BMI on OD was calculated to be 38.41%. Similarly, a potential correlation was found
between BMI and PCOS occurrence (p<0.001, OR =2.37,95% CI [1.67 to 3.37]), and found that BMI mediates the effect
of AFS on PCOS, with a mediating effect of up to 35.64% (Table 1). Additional results are available in Appendix Table 4.

MVMR Analysis of the Correlation Between AFS, Unhealthy Lifestyle Habits, and

Spontaneous Abortion Risk
Considering that even after controlling the confounding factors including BMI, depression, ischemic heart disease and

diabetes, AFS still shows an independent causal relationship with spontaneous abortion, in order to more rigorously and

30,31

deeply explore whether lifestyle is a potential confounding factor, drawing from recent literature, we incorporated
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Figure 3 MVMR analysis. (A) MVMR-IVW analysis of the genetic causal effect of age of first sexual intercourse on reproductive disorders after adjusting BMI, depression,
diabetes, and heart disease. (B) MVMR-IVW analysis of the genetic causal effects of age of first sexual intercourse on reproductive disorders after adjusting for smoking,
alcohol consumption, coffee intake, and insomnia. * indicates significant differences.
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Table | Mediating Role of BMI in the Association Between AFS and OD/PCOS

Exposure | Mediator | Outcome Total effect Direct effect |
Beta | SE p Beta SE p
AFS BMI oD —0.77 | 0.31 | 1.21E-02 —0.43 0.04 2.12E-24
PCOS —1.04 | 0.38 | 6.25E-03
Exposure | Mediator | Outcome Direct effect 2 Mediation effect
Beta | SE p Effect size (95% Cl) | Proportion (95% CI)
AFS BMI oD 0.69 | 0.15 | 7.17E-06 | —0.29 (-0.50~-0.09) 38.41 (11.25-65.58)
PCOS 086 | 0.18 | I.51E-06 | —0.37 (-0.68~-0.07) 35.64 (6.33-64.95)

Abbreviations: AFS, age of first sexual intercourse; FRDs, female reproductive disorders.

smoking (ID: ieu-b-142), alcohol consumption (ID: ukb-b-5779), coffee intake (ID: ukb-b-5237), and insomnia (ID: ebi-
a-GCST90018869) as confounding variables in the MVMR analysis of AFS and spontaneous abortion. Following
adjustments for each confounding factor of lifestyles independently and collectively, a robust causal link between AFS
and spontaneous abortion was always identified, illustrated in Figure 3B. The relevant results further strongly emphasized
the independent causal relationship between AFS and spontaneous abortion.

Discussion

FRDs pose significant challenges for reproductive healthcare providers and women of childbearing age. Currently, the
treatment of FRDs focuses on alleviating clinical symptoms and assisting with conception; however, a comprehensive
understanding of the underlying mechanisms remains elusive. Advances in genomics have made it possible to identify links
between disease development and genetic factors. The intricate interplay between genetic and environmental influences has
long attracted researchers’ interest. Although the complex etiology of these diseases may relate to individual variables, the
combined effects of genetic variations and environmental factors frequently determine certain populations’ susceptibility to
specific diseases,’” which emphasizes the importance of MR analysis, aiming to avoid interference from environmental,
reverse causality, and confounding factors as much as possible. This study reveals a significant potential causal relationship
between AFS and reproductive system diseases. Engaging in first sexual activity at a later age is an important factor in
reducing the risk of OD, PCOS, and spontaneous abortion, particularly for spontaneous abortion, where it demonstrates
a strong and stable independent protective effect. This association may be partly mediated by lower BMI. The relevant
findings underscore the importance of weight management in regulating female reproductive health, bridging a critical gap
in understanding the interaction mechanisms between sexual development characteristics and reproductive disorders while
providing a new perspective on FRDs and their related mechanisms.

A large-scale health survey of the Ghanaian population indicated that early sexual behavior is associated with long-
term health consequences, particularly an increased risk of obesity over time, highlighting the key role of early sexual
behavior throughout life.>* This finding aligns with our mediation MR analysis results and, combined with biological
data from European and African populations, further confirms the association between early sexual behavior and long-
term weight. Relevant mechanisms may involve complex physiological responses due to changes in reproductive
hormones at various stages of a woman’s life cycle. Inappropriate sexual activity at a young age can disrupt normal
body composition changes associated with puberty.>* Furthermore, previous studies have shown that early sexual activity
increases the likelihood of unintended pregnancy and sexually transmitted infections in women.*> Early pregnancies and
postpartum weight management become critical factors influencing long-term weight.*® Additionally, research in Japan
has established a link between childhood experiences and unintended pregnancies, with impaired social interactions and
emotional deficits being potential contributing factors.”” Unhealthy diets resulting from emotional disorders further
exacerbate the risk of overweight or obesity, especially following involuntary early sexual activity.*®

AFS, as a reproductive behavioral characteristic, plays a crucial role in female sexual development and future
reproductive health. Early sexual activity may be perceived as a negative experience during adolescence, affecting the
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reproductive health of women of childbearing age by impacting mental health and potentially contributing to the
development of reproductive system diseases. Our multivariate MVMR results support this assertion, suggesting that
BMI and depression may mediate the genetic association between AFS and OD or PCOS. It is known that the occurrence
of OD and PCOS is associated with ovarian dysfunction due to reproductive hormone disorders, characterized by
impaired follicle growth and maturation, abnormal follicle release, and hormonal imbalances—common factors that
influence female fertility and contribute to cases of infertility, anxiety, and depression. Among these factors, BMI is
strongly correlated with the onset of PCOS; its biological mechanisms may involve complex interactions among
androgens, insulin resistance, and fat, along with excessive oxidative stress, inflammation, and cellular iron death.*
OD often manifests in women after menopause, where low estrogen levels significantly affect obesity and mental
health.*® A retrospective study suggests a potential relationship between the regulation of reproductive hormones in the
pituitary and ovary and body fat distribution, particularly regarding abdominal fat thickness.*' This suggests that BMI
may participate in the mechanisms of reproductive-related diseases by influencing hormone release. Losing weight may
become one of the important strategies to avoid the high risk of OD and PCOS caused by early first sexual activity.

A multicenter cohort study revealed that women who experience premature menopause before the age of 40 have
a higher obesity rate compared to those who menopause after 40.** Laboratory experiments have indicated that low
expression of fat mass and obesity-related genes can improve premature ovarian failure through specific molecular
pathways, potentially reversing excessive apoptosis of granulosa cells and enhancing oocyte quality.*® However, after
controlling for multiple confounding factors, our study did not find a significant genetic association between early AFS
and POF. This may be due to biases stemming from the limited POF-related data available in the GWAS database. Future
research with larger samples will be essential for understanding the pathogenesis and treatment of POF. Likewise, after
adjusting for confounding factors, the genetic association between AFS and EMs weakened. Nonetheless, we noted
cross-sectional evidence that early compulsive sexual behavior contributes to the occurrence of EMs.** In summary,
previous studies have demonstrated differences in lipid levels between girls with precocious puberty and those with
normal development, underscoring the importance of early sex education and weight intervention for these girls to
prevent reproductive disorders.*’

An increasing body of evidence highlights the significant impact of lifestyle factors on the occurrence and progression
of diseases. Population cohort studies have shown that obesity-inducing diets are risk factors for previous miscarriages
and non-live births, correlating with adverse pregnancy outcomes.*® A systematic review and dose-response meta-
analysis have also found an association between coffee and caffeine intake and the risk of spontaneous abortion.*’
Similarly, secondary analyses of population data reveal that pre-pregnancy alcohol abuse is a significant risk factor for
miscarriage,”® mirroring findings from cohort studies.*” Therefore, in this study, we analyzed the genetic association
between AFS and spontaneous abortion while controlling for confounding lifestyle factors. However, even after factoring
in additional lifestyle influences, early AFS consistently exhibited a causal relationship with spontaneous abortion—
indicating that it remains an independent risk factor, regardless of ultrasound findings, obesity, depression, or other
comorbidities and adverse lifestyle factors.

MR analysis provided genetic evidence linking AFS to frailty,>® suggesting that early AFS may exert complex effects
on muscle, nervous, endocrine, and immune system dysregulation, which may also contribute to the high risk of
spontaneous abortion. Additionally, depletion of the vaginal microbiome during early pregnancy is a recognized risk
factor for miscarriage.”' Premature sexual behaviors resulting from inadequate sex education may lead to reproductive
tract infections due to unintended pregnancies and induced abortions.’” The resultant disruption of vaginal and uterine
microbiota could be a potential cause of an increased risk of long-term spontaneous miscarriages. Furthermore, it remains
unclear whether early AFS leads to spontaneous abortion at the genetic level or simply augments fertility and abortion
procedures, as participants were not queried about the number of pregnancies or subsequent sexual activities related to
early or late AFS. More rigorous clinical observations and detailed data analyses are necessary to clarify these
correlations. However, the relevant results still emphasize the importance of adolescent sex education.

The MR analysis method mitigates biases inherent in observational studies; however, several limitations must be
acknowledged. Firstly, the GWAS database from which the FRDs-related outcome variables in this study were sourced
lacks sufficient data; including a small number of patients may result in bias. Additionally, there may be a risk of false positives
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in the results of uncorrected multiple comparison analyses; Besides, due to the limited number of significant loci in PCOS or
OD analyses, the significance threshold has been set below the standard threshold, which may lower analytical intensity or
introduce bias, rendering the results potentially unreliable. Large-scale prospective studies based on broader populations are
still needed for further validation. The data on exposure and outcome variables in this study were solely obtained from the
European population, which may limit the generalizability of the findings to other races and populations. Therefore,
conducting more extensive and comprehensive longitudinal studies and analyses, across diverse races and populations is
imperative for drawing reliable conclusions. Finally, We only considered the influence of limited confounding factors, and we
will continue to explore and discover more important mediators besides BMI in future research.

Conclusions

In summary, we have identified a preliminary genetic association between early sexual activity and the occurrence of
reproductive diseases in women. Early sexual activity may serve as an independent risk factor for spontaneous abortion,
while BMI may partially mediate the relationship between early sexual activity and the development of OD and PCOS.
These findings underscore the importance of providing sex education and reproductive health information to adolescent
girls to prevent certain reproductive disorders. Furthermore, subsequent weight management may be a key strategy for
reducing the risk of these conditions. In the future, we will conduct large-scale, longitudinal studies that include diverse
racial and ethnic populations and address additional confounding factors to provide more reliable insights into the
mechanisms underlying FRDs and strategies for protecting female fertility.
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