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Female infertility is a complex and multifaceted condition that affects millions of
women globally. Its causes vary, ranging from hormonal dysregulation to structural
abnormalities due to genetic, lifestyle, and environmental factors [1]. The most-studied
endocrine contributors include conditions like polycystic ovary syndrome (PCOS) [2] and
ovulatory dysfunction [3] (Figure 1). Structural abnormalities affecting the fallopian tube
can result from pelvic inflammatory disease (PID), endometriosis, or prior surgeries that
hinder the transport of the oocyte or embryo, preventing fertilization or implantation.
Cervical factors, including cervical stenosis, mucus issues, or infections, may impede sperm
mobility and survival, preventing fertilization. Finally, vaginal factors, including infections
or structural abnormalities, can obstruct sperm transport or create an inhospitable pH
balance, complicating conception. By understanding these distinct reproductive barriers,
clinicians can better diagnose and treat infertility issues related to tubal, cervical, and
vaginal conditions, improving reproductive outcomes.
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Figure 1. Uric acid causes gout, CVD, CKD, and metabolic syndrome. However, MR has provided
evidence of a causal link between elevated urate levels and female infertility. Abbreviations: CKD,
chronic kidney disease; CVD, cardiovascular disease; PCOS, polycystic ovary syndrome; FSH, follicle-
stimulating hormone; LH, luteinizing hormone.
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Recent genetic and metabolic research advances have led to a growing interest in
metabolic biomarkers that may also play a pivotal role in reproductive health [4]. One
such biomarker is urate, the final oxidation product of purine metabolism. Elevated urate
levels have long been associated with gout, cardiovascular disease (CVD), and metabolic
syndrome [5]. However, a new study utilizing Mendelian randomization (MR) has pro-
vided evidence of a causal link between elevated urate levels and female infertility [6]. This
editorial explores the implications of this pioneering research, discussing how urate levels
may influence female reproductive health, the significance of using MR in fertility studies,
and the potential for new interventions to improve fertility outcomes for women.

Urate is an organic compound that plays a dual role in human physiology, acting
as both an antioxidant and a pro-oxidant, depending on its concentration and the tissue
environment. Urate is a powerful antioxidant at low to moderate levels, protecting cells
from oxidative damage. However, it becomes a pro-oxidant at elevated concentrations,
contributing to oxidative stress, inflammation, and the formation of uric acid crystals,
leading to conditions like gout [7]. In recent years, the role of urate in cardiovascular health,
metabolic syndrome, and chronic kidney disease (CKD) has also been identified [8]. How-
ever, its potential role in reproductive health is still being investigated. Studies have linked
elevated urate levels to metabolic conditions such as insulin resistance [9], obesity [10],
and type 2 diabetes [11], all of which are also closely associated with female reproductive
disorders like PCOS and infertility [12]. Elevated urate levels in the bloodstream may
influence systemic inflammation and oxidative stress, adversely affecting reproductive
tissues, ovarian function, and hormonal balance [13]. Given the shared metabolic pathways
between infertility and chronic metabolic diseases, understanding the influence of urate on
female infertility is critical.

Establishing causality in these relationships has been challenging in observational
studies [14]. This is where MR provides an advantage. MR is a genetic epidemiological
method that uses genetic variants as instrumental variables to study the relationship
between a risk factor (e.g., urate levels) and an outcome (e.g., female infertility). MR
mitigates confounding factors and prevents reverse causality by leveraging genetic variants
that are randomly inherited [15]. In other words, MR studies take advantage of genetic
variants fixed at conception, mimicking the structure of a randomized controlled trial. Thus,
MR enables researchers to determine whether genetically elevated urate levels directly
cause infertility or if they are associated with other metabolic conditions that heighten the
risk of infertility.

A study on MR by Hong and colleagues investigated whether elevated urate levels
have a causal effect on female infertility in the USA [16]. This study found a significant
causal link between elevated urate levels and a higher likelihood of female infertility.
This finding suggests that urate is not merely a byproduct of metabolic dysfunction, but
could actively contribute to the physiological changes that impair female reproductive
function. By analyzing genetic variants known to influence urate levels, the researchers
assessed whether women with genetically higher urate levels were at an increased risk of
infertility. Several mechanisms may explain this relationship, ranging from oxidative stress
and inflammation to insulin resistance and neuroendocrine dysregulation.

Oxidative stress is a critical factor in the deterioration of reproductive health, affecting
ovarian reserves, follicular development, and oocyte quality [17]. As a pro-oxidant in higher
concentrations, elevated urate levels can contribute to oxidative stress in reproductive
tissues. Excessive oxidative damage in the ovaries can impair follicular development,
leading to poor oocyte quality and reduced fertility. Research suggests that oxidative
stress may disrupt key signaling pathways in the ovarian follicle, impairing its ability to
mature correctly [18]. In turn, this can lead to a reduction in viable oocytes, hampering the
woman’s ability to conceive naturally or through assisted reproductive technologies.

Chronic low-grade inflammation is another common factor in both metabolic diseases
and infertility [19]. Urate stimulates inflammation by activating immune cells and releasing
pro-inflammatory cytokines [20]. This inflammatory environment might throw off the
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delicate balance of reproductive hormones like estrogen, follicle-stimulating hormone
(FSH), and luteinizing hormone (LH), which control ovarian function [21]. Any resulting
irregular ovulation or anovulation would lead to infertility. Inflammatory factors in the
reproductive system may also contribute to conditions like endometriosis and PCOS,
further complicating fertility [22]. Elevated urate levels are often linked to insulin resistance,
resulting in elevated blood glucose levels, a crucial feature of PCOS [23]. This common
endocrine disorder affects up to 10% of women of reproductive age and is one of the leading
causes of female infertility. Insulin resistance can increase androgen levels and disturb LH
levels, disrupting ovulation and menstrual regularity [24]. Given the close relationship
between elevated urate levels, insulin resistance, and PCOS, managing urate levels could
help mitigate some of the fertility challenges posed by PCOS.

Hyperuricemia leads to oxidative stress and systemic inflammation, contributing to the
development of insulin resistance. Insulin resistance, in turn, worsens metabolic-associated
steatotic liver disease (MASLD), also known as non-alcoholic fatty liver disease (NAFLD),
by promoting liver fat accumulation while simultaneously contributing to reproductive dys-
function through hormonal disruption. MASLD exacerbates metabolic dysregulation and
may further impair reproductive health by affecting the liver’s role in hormone metabolism
and systemic inflammation.

Urates may also impact fertility because of their effects on vascular health. Researchers
have linked high urate levels to endothelial dysfunction [25], which impairs blood flow
and may alter the uterine environment, resulting in poor endometrial receptivity [26] and
implantation failure. Proper blood flow is crucial for developing a healthy endometrium,
embryo implantation, and early pregnancy maintenance.

Uric acid (urate) can impact both male and female reproductive health, but has a
greater effect on female infertility because of its relationship with oxidative stress, insulin
resistance, and hormonal regulation, which all play significant roles in female reproductive
health. Moreover, hyperuricemia can significantly impact conditions such as PCOS, insulin
resistance, and MASLD, which are directly associated with reproductive dysfunction in
women and have a pronounced impact on female infertility compared to males. Addition-
ally, the endometrium and ovaries are particularly sensitive to oxidative damage, making
hyperuricemia a potential contributor to reproductive challenges unique to women.

The findings from this MR study open new avenues for managing female infertility by
highlighting urate as a potentially modifiable risk factor. Confirmation of elevated urate
levels as a causal factor in female infertility would have profound clinical implications.
Women struggling with infertility, particularly those with metabolic conditions like PCOS
or insulin resistance, could consult their healthcare provider about including the use of
pharmacological agents that reduce urate levels, such as allopurinol or febuxostat [27].
These medications are already widely used to treat gout, and could offer an additional
benefit to reproductive health. Lifestyle interventions that reduce urate levels—such as
dietary changes, increased physical activity, and weight loss—could also become part of an
individual’s fertility management strategy [28]. Finally, women trying to conceive could
limit foods high in purines, such as red meat, organ meats, and alcohol, as they are known
to elevate urate levels [29]. Meanwhile, increasing the intake of foods rich in antioxidants,
like fruits and vegetables, may help reduce oxidative stress and improve reproductive
outcomes [30]. Routine screening of urate levels in women experiencing infertility could
help identify those at risk and guide individualized treatment plans.

Although this work offers strong evidence for the causal involvement of urate in
female infertility, more investigation is required to clarify the exact molecular mechanisms
at play. Longitudinal studies and clinical trials examining how lowering urate affects
fertility would be very helpful in confirming these results and developing evidence-based
guidelines for managing urate levels in reproductive health. Moreover, future research
should explore whether the effect of urate on infertility varies across different subgroups of
women. For instance, does urate have a more pronounced impact on fertility in women
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with PCOS compared to those with unexplained infertility? Understanding these merits
could lead to more personalized approaches to treatment.

The link between urate levels and female infertility, as revealed through MR, repre-
sents a significant step forward in our understanding of reproductive health. This study
establishes a causal relationship between elevated urate levels and infertility, highlighting
a new metabolic factor that could improve fertility outcomes. Whether through lifestyle
changes, pharmacological interventions, or routine screening, managing urate levels may
soon become an essential consideration in fertility treatment protocols. The relationship
between metabolic health and reproductive health becomes increasingly apparent as we
continue to unravel the complexities of female infertility. Addressing metabolic factors like
urate could enhance fertility and improve the overall health and well-being of women of
reproductive age.

Acknowledgments: The authors want to acknowledge the National Institutes of Health grant R01
HD104418 to ] W.H.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Assaysh-Oberg, S.; Borneskog, C.; Ternstrém, E. Women'’s experience of infertility & treatment—A silent grief and failed care and
support. Sex. Reprod. Healthc. 2023, 37, 100879. [CrossRef] [PubMed]

2. Zhuang, S; Jing, C.; Yu, L.; Ji, L.; Liu, W,; Hu, X. The relationship between polycystic ovary syndrome and infertility: A
bibliometric analysis. Ann. Transl. Med. 2022, 10, 318. [CrossRef] [PubMed]

3. Urman, B.; Yakin, K. Ovulatory disorders and infertility. ]. Reprod. Med. 2006, 51, 267-282. [PubMed]

4. Wu, Y.-L.; Lin, Z.-J; Li, C.-C,; Lin, X,; Shan, S.-K.; Guo, B.; Zheng, M.-H.; Li, F;; Yuan, L.-Q.; Li, Z.-h. Epigenetic regulation in
metabolic diseases: Mechanisms and advances in clinical study. Signal Transduct. Target. Ther. 2023, 8, 98. [CrossRef]

5. Albrecht, E.; Waldenberger, M.; Krumsiek, J.; Evans, A.M.; Jeratsch, U.; Breier, M.; Adamski, J.; Koenig, W.; Zeilinger, S.; Fuchs, C.;
et al. Metabolite profiling reveals new insights into the regulation of serum urate in humans. Metabolomics 2014, 10, 141-151.
[CrossRef]

6. Sun,],; Shen, T; Guan, Y,; Jiang, Y.; Xu, X. The Causal Effect of Urate Level on Female Infertility: A Mendelian Randomization
Study. Metabolites 2024, 14, 516. [CrossRef]

7. Kang, D.H.; Ha, S.K. Uric Acid Puzzle: Dual Role as Anti-oxidantand Pro-oxidant. Electrolytes Blood Press. 2014, 12, 1-6. [CrossRef]

8. Du,L; Zong, Y, Li, H; Wang, Q.; Xie, L.; Yang, B.; Pang, Y.; Zhang, C.; Zhong, Z.; Gao, ]. Hyperuricemia and its related diseases:
Mechanisms and advances in therapy. Signal Transduct. Target. Ther. 2024, 9, 212. [CrossRef]

9.  Mazidi, M.; Katsiki, N.; Mikhailidis, D.P.; Banach, M. The link between insulin resistance parameters and serum uric acid is
mediated by adiposity. Atherosclerosis 2018, 270, 180-186. [CrossRef]

10. Zheng, R.; Chen, C,; Yang, T.; Chen, Q.; Lu, R;; Mao, Y. Serum Uric Acid Levels and the Risk of Obesity: A Longitudinal
Population-Based Epidemiological Study. Clin. Lab. 2017, 63, 1581-1587. [CrossRef]

11. Kodama, S.; Saito, K.; Yachi, Y.; Asumi, M.; Sugawara, A.; Totsuka, K.; Saito, A.; Sone, H. Association between serum uric acid
and development of type 2 diabetes. Diabetes Care 2009, 32, 1737-1742. [CrossRef] [PubMed]

12.  Singh, S.; Pal, N.; Shubham, S.; Sarma, D.K.; Verma, V.; Marotta, F.; Kumar, M. Polycystic Ovary Syndrome: Etiology, Current
Management, and Future Therapeutics. J. Clin. Med. 2023, 12, 1454. [CrossRef] [PubMed]

13. Hu,J.; Xu, W,; Yang, H.; Mu, L. Uric acid participating in female reproductive disorders: A review. Reprod. Biol. Endocrinol. 2021,
19, 65. [CrossRef] [PubMed]

14. Hammerton, G.; Munafo, M.R. Causal inference with observational data: The need for triangulation of evidence. Psychol. Med.
2021, 51, 563-578. [CrossRef]

15. Lee, K,; Lim, C.Y. Mendelian Randomization Analysis in Observational Epidemiology. ]. Lipid Atheroscler. 2019, 8, 67-77.
[CrossRef]

16. Hong, X.; Zhao, F.; Wang, W.; Wu, ].; Zhu, X.; Wang, B. Elevated serum uric acid is associated with infertility in women living in
America. Sci. Rep. 2023, 13, 7687. [CrossRef]

17.  Sasaki, H.; Hamatani, T.; Kamijo, S.; Iwai, M.; Kobanawa, M.; Ogawa, S.; Miyado, K.; Tanaka, M. Impact of oxidative stress on
age-associated decline in oocyte developmental competence. Front. Endocrinol. 2019, 10, 811. [CrossRef]

18. Immediata, V.; Ronchetti, C.; Spadaro, D.; Cirillo, F,; Levi-Setti, P.E. Oxidative Stress and Human Ovarian Response-From Somatic
Ovarian Cells to Oocytes Damage: A Clinical Comprehensive Narrative Review. Antioxidants 2022, 11, 1335. [CrossRef]

19. Orisaka, M.; Mizutani, T.; Miyazaki, Y.; Shirafuji, A.; Tamamura, C.; Fujita, M.; Tsuyoshi, H.; Yoshida, Y. Chronic low-grade

inflammation and ovarian dysfunction in women with polycystic ovarian syndrome, endometriosis, and aging. Front. Endocrinol.
2023, 14, 1324429. [CrossRef]


https://doi.org/10.1016/j.srhc.2023.100879
https://www.ncbi.nlm.nih.gov/pubmed/37356208
https://doi.org/10.21037/atm-22-714
https://www.ncbi.nlm.nih.gov/pubmed/35434010
https://www.ncbi.nlm.nih.gov/pubmed/16737024
https://doi.org/10.1038/s41392-023-01333-7
https://doi.org/10.1007/s11306-013-0565-2
https://doi.org/10.3390/metabo14100516
https://doi.org/10.5049/EBP.2014.12.1.1
https://doi.org/10.1038/s41392-024-01916-y
https://doi.org/10.1016/j.atherosclerosis.2017.12.033
https://doi.org/10.7754/Clin.Lab.2017.170311
https://doi.org/10.2337/dc09-0288
https://www.ncbi.nlm.nih.gov/pubmed/19549729
https://doi.org/10.3390/jcm12041454
https://www.ncbi.nlm.nih.gov/pubmed/36835989
https://doi.org/10.1186/s12958-021-00748-7
https://www.ncbi.nlm.nih.gov/pubmed/33906696
https://doi.org/10.1017/S0033291720005127
https://doi.org/10.12997/jla.2019.8.2.67
https://doi.org/10.1038/s41598-023-34702-x
https://doi.org/10.3389/fendo.2019.00811
https://doi.org/10.3390/antiox11071335
https://doi.org/10.3389/fendo.2023.1324429

Metabolites 2024, 14, 564 50f5

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

Li, D.; Yuan, S.; Deng, Y.; Wang, X.; Wu, S.; Chen, X; Li, Y.,; Ouyang, J.; Lin, D.; Quan, H.; et al. The dysregulation of immune cells
induced by uric acid: Mechanisms of inflammation associated with hyperuricemia and its complications. Front. Immunol. 2023,
14, 1282890. [CrossRef]

Mikhael, S.; Punjala-Patel, A.; Gavrilova-Jordan, L. Hypothalamic-Pituitary-Ovarian Axis Disorders Impacting Female Fertility.
Biomedicines 2019, 7, 5. [CrossRef] [PubMed]

Kiciniska, A.M.; Maksym, R.B.; Zabielska-Kaczorowska, M.A.; Stachowska, A.; Babiriska, A. Inmunological and Metabolic Causes
of Infertility in Polycystic Ovary Syndrome. Biomedicines 2023, 11, 1567. [CrossRef] [PubMed]

Gong, Z.; Sun, Y.; Zhang, L.; Zhu, X.; Shi, Y. The positive association between hyperuricemia and polycystic ovary syndrome and
analysis of related factors. Front. Endocrinol. 2024, 15, 1356859. [CrossRef] [PubMed]

Unluhizarci, K.; Karaca, Z.; Kelestimur, F. Role of insulin and insulin resistance in androgen excess disorders. World |. Diabetes
2021, 12, 616-629. [CrossRef]

Cai, W,; Duan, X.M,; Liu, Y.; Yu, J.; Tang, Y.L,; Liu, Z.L,; Jiang, S.; Zhang, C.P.; Liu, J.Y.; Xu, J.X. Uric Acid Induces Endothelial
Dysfunction by Activating the HMGB1/RAGE Signaling Pathway. Biomed. Res. Int. 2017, 2017, 4391920. [CrossRef]

Shan, H.; Luo, R.; Guo, X;; Li, R;; Ye, Z.; Peng, T.; Liu, F; Yang, Z. Abnormal Endometrial Receptivity and Oxidative Stress in
Polycystic Ovary Syndrome. Front. Pharmacol. 2022, 13, 904942. [CrossRef]

Gliozzi, M.; Malara, N.; Muscoli, S.; Mollace, V. The treatment of hyperuricemia. Int. J. Cardiol. 2016, 213, 23-27. [CrossRef]
Sharma, R.; Biedenharn, K.R; Fedor, ].M.; Agarwal, A. Lifestyle factors and reproductive health: Taking control of your fertility.
Reprod. Biol. Endocrinol. 2013, 11, 66. [CrossRef] [PubMed]

Danve, A.; Sehra, S.T.; Neogi, T. Role of diet in hyperuricemia and gout. Best Pract. Res. Clin. Rheumatol. 2021, 35, 101723.
[CrossRef]

Rahaman, M.M.; Hossain, R.; Herrera-Bravo, J.; Islam, M.T.; Atolani, O.; Adeyemi, O.S.; Owolodun, O.A.; Kambizi, L.; Dastan,
S.D,; Calina, D.; et al. Natural antioxidants from some fruits, seeds, foods, natural products, and associated health benefits: An
update. Food Sci. Nutr. 2023, 11, 1657-1670. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3389/fimmu.2023.1282890
https://doi.org/10.3390/biomedicines7010005
https://www.ncbi.nlm.nih.gov/pubmed/30621143
https://doi.org/10.3390/biomedicines11061567
https://www.ncbi.nlm.nih.gov/pubmed/37371662
https://doi.org/10.3389/fendo.2024.1356859
https://www.ncbi.nlm.nih.gov/pubmed/38933825
https://doi.org/10.4239/wjd.v12.i5.616
https://doi.org/10.1155/2017/4391920
https://doi.org/10.3389/fphar.2022.904942
https://doi.org/10.1016/j.ijcard.2015.08.087
https://doi.org/10.1186/1477-7827-11-66
https://www.ncbi.nlm.nih.gov/pubmed/23870423
https://doi.org/10.1016/j.berh.2021.101723
https://doi.org/10.1002/fsn3.3217

	References

