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Background: Insomnia is increasingly emerging as a significant concern in public health, with a longstanding emphasis on its
relationship with overall well-being. Nevertheless, few research has been devoted to investigating the relationship between insomnia
and female reproductive health.

Methods: In our study, we conducted a Mendelian randomization (MR) study to estimate the causal relationship between insomnia
and female reproductive diseases. A total of 268 independent genetic variants associated with insomnia at the genome-wide
significance level (P < 5x107%) were used as instrumental variables. Summary-level data were obtained from the UK Biobank and
Finn Gen study, including ovarian cysts, polycystic ovarian syndrome (PCOS), endometriosis, premature ovarian insufficiency (POI),
ovarian cancer (OC), uterine fibroids, endometrial cancer (EC) and female infertility. We performed logistic regression to assess the
associations between insomnia and the risk of OC and EC by using data from the National Health and Nutrition Examination Survey
(NHANES) 2013-2014.

Results: Our research reveals that genetic liability to insomnia constitutes a risk factor for ovarian cysts (odds ratio [OR]: 1.44, 95%
confidence interval [CI]: 1.21-1.72, P< 0.05), PCOS (OR: 1.67, 95% CI: 1.44-1.94, P< 0.05), and endometriosis (OR: 1.43, 95% CI:
1.16-1.76, P< 0.05). However, we found no statistically significant associations between insomnia and POI, OC, uterine fibroids, EC,
or female infertility. Additionally, body mass index (BMI) was found to mediate about 10% of the effect of the insomnia on ovarian
cysts and PCOS. Moreover, in cross-sectional study, insomnia was not associated with OC and EC.

Conclusion: Our study provides causal evidence that genetically predicted insomnia increases the risk of ovarian cysts, PCOS, and
endometriosis. Accordingly, the potential significance of weight control and good sleep in keeping fit need to be emphasized.
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Introduction

The ovaries and the uterus serve as essential reproductive and endocrine organs in female physiology, significantly
contributing to procreation and keeping fit. However, in recent years, the female reproductive health has faced significant
challenges. For instance, ovarian cysts affect approximately 7.8% of women of childbearing age,' while 6% of
postmenopausal women have ovarian cysts detected during ultrasound examinations.” Conditions such as polycystic
ovarian syndrome (PCOS), with a global prevalence of 4-20%,* and premature ovarian insufficiency (POI), affecting
3.5% of women,* highlight the widespread nature of these issues. In developed nations, Ovarian cancer (OC) and
endometrial cancer (EC) are the most frequent malignancies affecting female reproductive health.”® Primary symptoms

of uterine fibroids and endometriosis encompass dysmenorrhea, menorrhagia, and fibroid compression, causing
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substantial psychological distress and physical discomfort for many women. Approximately 15% of the global female
population faces infertility.” Furthermore, the increase in the prevalence of female reproductive diseases, particularly
among younger individuals, adds significant burdens to society and families. Previous research has identified numerous
risk factors for female reproductive disease, including obesity,® type 2 diabetes,” depression,'® alcohol consumption,'’
and high-fat diets.'? There is a growing awareness of the critical role of lifestyle interventions in disease control and
prevention.'?> However, except for the above traditional risk factors, novel factors are scarcely studied, such as insomnia.

Sleep is a fundamental physiological need, playing a critical role in immune system function, metabolic processes,
and tissue repair. In addition to its physiological importance, sleep also influences emotional well-being, cognition, and
overall health. In the modern era, work demands, educational pressures, and daily stressors have contributed to a global
increase in sleep disorders. Insomnia, a condition characterized by difficulties in initiating or maintaining sleep, affects
approximately 30% of adults.'* Notably, studies estimate that 38-59% of insomnia cases may have genetic
underpinnings.'”

Recent years have witnessed a wealth of research highlighting insomnia as an independent risk factor for various
conditions, including hypertension,'® depression,'” viral infections'® and neurodegenerative diseases.'” Notably, modern
females exhibit a higher prevalence of insomnia than males,*® yet its impact on the ovaries and uterus remains a subject
of mystery.

Mendelian randomization (MR) is an epidemiological methodology that strengthens causal inference by employing
genetic variation as an instrumental variable for exposure.”’ This approach overcomes confounding and reverse causality
effects inherent in cross-sectional, case-control, and cohort studies, ensuring the utmost reliability of research outcomes
to the greatest extent possible. In this study, we used the MR approach to comprehensively assess the causal association
between insomnia and eight female reproductive diseases, offering additional guidance for improving women’s health.

Materials and Methods
Study Overview

The study design overview was shown in Figure 1. This study was based on summary-level data on measures of
insomnia and from ovarian cysts, PCOS, endometriosis, POI, OC, uterine fibroids, EC and female infertility published
genome-wide association studies (Figure 1A). In mediation analysis, the total effect was decomposed into direct effect
and indirect effect (Figure 1B). Figure 1C shows flowchart identifying process of NHANES 2013-2014 participant
inclusion and exclusion.

Source of Result Data

Genetic associations with female reproductive diseases were obtained from the UK Biobank?* and the Finn Gen study.?
We obtained genetic associations for ovarian cysts, PCOS, POI, endometriosis and female infertility from the Finn Gen
research. There cases were defined by codes of International Classification of Diseases (8th, 9th and 10th revisions) with
information from nationwide registries (Table S1). We utilized the R9 data release for the Finn Gen study, which became
available in December 2022. Genetic associations for OC, EC and uterine fibroids were acquired from the UK Biobank.
Similarly, cases were diagnosed by using codes of International Classification of Diseases (9th and 10th revisions) and
self-reported information verified by interview with a nurse from national registries (Table S2). The details of the result
have been described in previous studies (Table S3).

Genetic Instrument Selection

We identified single nucleotide polymorphisms (SNPs) associated with insomnia at a genome-wide significance level of
P < 5x10 ®. These SNPs were extracted from a genome-wide meta-analysis involving 2,365,010 individuals of European
ancestry from the UK Biobank and 23andMe datasets.”* Linkage disequilibrium (LD) among selected SNPs was
estimated using the 1000 Genomes European reference panel. SNPs with LD (r* > 0.01) were excluded,” retaining
the SNP with the smallest P value in the genetic association with insomnia. After clumping, 268 SNPs were selected as
instrumental variables (Table S4).
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Figure | Study Design and Analytical Framework. (A), MR Analysis Framework. (B), Mediation Analysis Framework.p1: causal effects of insomnia on BMI, f2: causal effects
of BMI on outcomes, B3: total causal effects of insomnia on outcome. (C), NHANES Data Selection Flowchart.

Mendelian Randomization Analysis

In the process of harmonization, we eliminated SNPs demonstrating palindromic sequences such as A/T or G/C alleles.
Additionally, Steiger filtering was conducted to ensure the directional correlation between insomnia and female
reproductive health. To address instrumental variable bias, our focus was specifically on individuals with an F-statistic
exceeding 10 (F-statistic = (B/SE)?). In our analysis, we primarily employed the random effects multiplicative inverse
variance-weighted method.”® Sensitivity analyses, including the weighted median,®’ penalized weighted median,*®
maximum likelihood,28 constrained maximum likelihood,29 contamination mixture,30 MR—Egger,31 and MR-PRESSO??
were carried out to validate result consistency and detect potential horizontal pleiotropy. Assessing heterogeneity among
SNP estimates for a single association was done through Cochran’s Q value. Furthermore, we utilized the MR-Egger
intercept test to investigate the presence of horizontal pleiotropy, while MR-PRESSO analysis was employed to identify
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any potential outliers. Lastly, leave-one-out analysis was performed to assess the impact of specific SNPs on significant
findings.

Two-Step MR and Mediation Analysis

In mediation analysis, the univariable MR method is employed to estimate the total effect of an exposure on the outcome. To
explore whether an intermediary factor functions as a mediator between the exposure and outcome, a two-step MR approach
was utilized.> Initially, the causal impact of insomnia on potential mediators was assessed. Subsequently, SNPs associated
with potential mediating risk factors were utilized to evaluate their causal influence on conditions such as ovarian cysts,
PCOS, and endometriosis. Body mass index (BMI) was considered a potential mediator in this context. The indirect
influence of insomnia on ovarian cysts (or PCOS, endometriosis) through BMI was calculated by multiplying the effect of
insomnia on BMI by the effect of BMI on ovarian cysts (or PCOS, endometriosis). It is important to highlight that in MR
mediation analysis, the mediator must be a continuous variable to ensure the unbiased estimation of mediating effects.**

Cross-Sectional Study

The study included participants from the NHANES 2013-2014. Participants in this study were interviewed about
demographics, socioeconomic, dietary habits, and health. OC and EC were collected by self-reports. Insomnia is defined
as the self-reporting of sleep disturbances by participants, or the diagnosis of sleep disorders by doctor.

Statistical Analysis

All analyses were conducted with the “Two Sample MR” package (version 0.5.6), “MR-PRESSO” package (version
1.0.). and Mendelian Randomization (version 0.9.0) in R software (version 4.2.0). In descriptive statistics, continuous
variables are expressed as means and standard deviations or medians and interquartile ranges, and categorical variables as
proportions and percentages of the total. This research constructed logistic regression models to evaluate the associations
of insomnia with OC and EC risk. Two Logistic regression models were constructed to assess the relationship. Model 1
was not adjusted. Model 2 was adjusted for age. It was considered statistically significant at P < 0.05 for all analyses,
which were two-sided.

Results

MR Analysis

After selection, we identified 173, 191, 203, 189, 186, 213, 166 and 184 SNPs as genetic instruments for ovarian cysts,
PCOS, POI, OC, EC, uterine fibroids, endometriosis and female infertility, respectively. Genetic liability to insomnia was
associated with an increased risk of ovarian cysts (odds ratio [OR]: 1.37, 95% confidence interval [CI]: 1.17-1.60, P<
0.05), PCOS (OR: 1.51, 95% CI: 1.32-1.73, P< 0.05) and endometriosis (OR: 1.23, 95% CI: 1.02-1.48, P< 0.05)
(Figure 2). Genetic liability to insomnia was not associated with POI (OR: 0.91, 95% CI: 0.34-2.42, P=0.85), OC (OR:
0.99, 95% CI: 0.99-1.01, P=0.87), uterine fibroids (OR: 1, 95% CI: 0.99-1.01, P=0.16), EC (OR: 1.04, 95% CI:
0.84-1.30, P=0.93) and female infertility (OR: 1.16, 95% CI: 0.97-1.40, P=0.28). The associations remained consistent
but with wider Cls in the sensitivity analyses (Table S5).

Cochran’s Q and MR-Egger intercept tests were performed to evaluate the robustness of these causal estimates. We
observed no heterogeneity across SNPs’ estimates in all analyses. We observed no indication of horizontal pleiotropy in
MR-Egger intercept test. And pleiotropy tests using MR-PRESSO did not denote any pleiotropic SNPs, suggesting no
bias in the results (Table S6).

Mediation MR Analysis

The two-step MR was employed to perform mediation MR analysis. We aimed to investigate whether the causal relationship
between insomnia and female reproductive diseases could be mediated by BMI. Moreover, we found evidence that genetic
liability to insomnia led to higher BMI (IVM: OR=1.30, 95% CI: 1.20-1.40, P< 0.05). Interestingly, our findings indicated
that BMI played a role in the causal effect of insomnia on both PCOS (IVM: OR=1.22, 95% CI: 1.15-1.30, P< 0.05) and
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Figure 2 The forest plots. (A), Association of genetic liability to insomnia with risk of ovarian cysts, (B), Association of genetic liability to insomnia with risk of PCOS, (C),
Association of genetic liability to insomnia with risk of endometriosis.
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ovarian cyst IVM: OR=1.11, 95% CI: 1.04-1.19, P< 0.05). As shown in Figure 3, the mediation analysis revealed that BMI
plays a significant role (10% mediation effect) in the causal pathway from insomnia to PCOS. And BMI mediate 8% effect of

insomnia on ovarian cyst. BMI has little mediating effect between insomnia and endometriosis.

Characteristics of Study Participants at the Baseline
Demographic and clinical data about the study participants were displayed in Table S7, which were based on the

diagnosis of OC and EC. There were five OC patients and fourteen EC patients. Patients with cancer were not statistically

significant in age or insomnia compared with those without cancer.
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Associations of Insomnia With OC and EC

Followed by a correlation analysis between insomnia and OC/EC risk using progressively adjusted multivariate regres-
sion, the people without insomnia as a control. Insomnia was not associated with OC (OR=2.9, 95% CI. 0.47-17.71, P=
0.24) and EC (OR=1.49, 95% CI: 0.51-4.37, P= 0.46) after adjusting for age, similar in direction to the MR estimates
(Table S8).

Discussion

To the best of our knowledge, this is the first large-scale two sample MR study utilizing data from the UK Biobank and
Finn Gen databases to explore the relationship between genetically proxied insomnia and the risk of eight prevalent
female reproductive diseases. Our research has revealed a noteworthy positive association between genetic liability to
insomnia and the risk of ovarian cysts, PCOS, and endometriosis. In Mediation analysis, BMI was found to mediate
about 10% of the effect of the insomnia on PCOS. In contrast, we found no substantial evidence to suggest a correlation
between genetic liability to insomnia and the risk of POI, OC, uterine fibroids, EC, or female infertility. Insomnia was not
link to elevated risk for OC and EC in observational study. The correlation existed persistently after full adjustment for
confounders such as age.

Insomnia has emerged as a significant factor affecting both the quality of life and the physical well-being of
individuals in the context of rapid socio-economic development. Extensive research efforts, including epidemiological
and clinical studies, have been conducted to explore the complex relationship between insomnia and cancer risk in recent
decades. A meta-analysis of fifteen prospective studies has revealed no correlation between sleep duration and the risk of
breast cancer.** These associations were further strengthened in the MR study.®> The two prospective studies demon-
strated an increased risk of lung cancer and liver cancer in individuals with insomnia or shorter sleep durations when
compared to those without insomnia.>®>’ Similar results have been reported for genetic liability to insomnia as
a potential risk factor for other cancers.’®*° Of note, researchers advocate for the maintenance of adequate nocturnal
sleep to mitigate the occurrence of neoplasms. Furthermore, the interaction between sleep disturbances and non-
neoplastic ailments plays a pivotal role in the clinical domain. A comprehensive meta-analysis of twenty studies has
identified insomnia as a risk factor for type 2 diabetes.*” What’s worse, as sleep duration diminishes, the trajectory
toward transitioning from prediabetes to full-fledged type 2 diabetes accelerates. Previous systematic reviews have
similarly underscored the connection between insomnia and multimorbidity,*' including cardiovascular diseases, obesity,
and metabolic syndrome. Subsequent MR studies further strengthen this association.**** Our study first conducts an MR
study to estimate the complex relationship between insomnia and female reproductive health. Research findings unveil
insomnia as a contributory risk factor for ovarian cysts, PCOS, and endometriosis.

Some underlying mechanisms in support of insomnia and the increased risk to female reproductive health have been
proposed. First, estrogen, predominantly synthesized by the ovaries and meticulously governed by the hypothalamus-
pituitary-gonadal axis, is pivotal in female overall well-being. An observational study has elucidated that premenopausal
women with bad sleep quality manifest elevated levels of estradiol or testosterone within their physiological milieu.*
This intricate network of connections is closely associated with an elevated risk of ovarian cysts, attributed to heightened
estrogen levels. Moreover, persistent chronic inflammation is a widely recognized risk factor. A systematic meta-analysis
of longitudinal studies delving into the intersection of sleep and inflammation discerns a clear correlation between sleep
disturbances and heightened systemic inflammatory markers.*® The adverse effects of poor sleep quality extend to an
increased susceptibility to chronic conditions, including obesity, diabetes, and hypertension.*' These chronic conditions
stimulate the release of inflammatory mediators, ultimately leading to the development of a chronic inflammatory
environment. Additionally, as we all know, that is a substantial influence wielded by vaginal microbiota over the female
reproductive system. Disruptions in this intricate microbial ecosystem imperil the health of the female reproductive
system. It is noteworthy that insomnia symptoms accelerate the aging process in women, precipitating dysbiosis, marked
by a pronounced diminishment of lactobacilli.*” What’s worse, the absence of lactobacilli emerges as a critical factor
contributing to the increased risk of endometriosis.*® Considering these findings, future research endeavors should

research deeper into exploring the mediating role of vaginal microbiota in elucidating the connection between insomnia
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and female health. Such investigations hold profound implications for the advancement of clinical strategies in this
domain.

Our findings may have potential public health and clinical practice consequences. Given the adverse implications of
insomnia on ovarian cysts, PCOS, and endometriosis, the optimization of sleep patterns assumes paramount importance
within the realm of female reproductive health. Strategies to enhance sleep quality include reducing pre-sleep smartphone
usage, adherence to a consistent sleep schedule, regular physical activity, and so on. Moreover, dietary adjustments play
an essential role in daily life, involving the reduction of high-fat and carbohydrate intake while augmenting protein and
dietary fiber consumption. Lactobacilli emerge as crucial contributors to female health, such as Lactobacillus crispatus
and Lactobacillus gasseri, demonstrating heightened viability in pasteurized milk stored at 4°C. The sustained consump-
tion of milk fortified with lactobacilli not only fosters improved sleep quality but also exerts a beneficial influence on the
vaginal microbiota.*>>* When confronted with sleep disturbances, it is advisable to not only proactively implement the
measures mentioned above but also consult with qualified medical professionals and employ appropriate interventions to
safeguard their health.

There are several strengths in our research. First, our study conducts an MR study to examine the causal relationship
between genetic liability to insomnia and female reproductive diseases, mitigating the interference of confounding
factors. To ensure the robustness of our findings, a diverse array of statistical tests has been applied. Second, this study
lies in the utilization of the latest and most comprehensive GWAS databases. We selected female insomnia-specific SNPs
as instrumental variables, meticulously extracting them from the UK Biobank and Finn Gen databases. This approach
provides a sturdy genetic foundation for our reported outcomes. Third, our careful selection of samples from disparate
databases has been instrumental in alleviating the issue of sample overlap, thereby upholding the integrity of our results.

In addition, there are some limitations in this study. First, our study population exclusively comprises individuals of
European descent, potentially constraining the generalizability of our findings to other demographic groups. Second, the
limitations of Mendelian randomization should be carefully considered. These include the potential for distant or indirect
correlations and the possibility of residual pleiotropy, which may bias causal interpretations. Third, our MR study was
unable to access individual-level data, which posed a constraint on the depth of our analysis. Forth, the GWAS used self-
reported insomnia rather than objective sleep assessment; thus, the validity of the information is not guaranteed. In
addition, other common pathological factors, such as chronic inflammation and gut microbiota, may also play important
roles and are worthy of further investigation.

Conclusion

In summary, our research provides compelling evidence supporting a significant causal relationship between insomnia
and the risk of ovarian cysts, PCOS and endometriosis. These findings underscore the critical role of improving sleep
quality and controlling weights in the preservation of female reproductive health. The mechanism behind these associa-
tions needs further study.
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