

[image: image1]
Circulating micronutrients levels and their association with the risk of endometriosis









 


	
	
ORIGINAL RESEARCH
published: 16 October 2024
doi: 10.3389/fnut.2024.1466126








[image: image2]

Circulating micronutrients levels and their association with the risk of endometriosis

Yanna Zhang1, Meng Li2, Feifei Zhang1, Jiaoya Lin1, Hong Yuan1* and Qing Nian1*


1Department of Blood Transfusion, Sichuan Provincial People’s Hospital, University of Electronic Science and Technology of China, Chengdu, China

2Blood Research Laboratory, Chengdu Blood Center, Chengdu, China

Edited by
 Małgorzata Mizgier, Poznan University of Physical Education, Poland

Reviewed by
 Katarzyna Plagens-Rotman, Poznan University of Medical Sciences, Poland
 Bhuchitra Singh, Johns Hopkins University, United States

*Correspondence
 Qing Nian, young926@hotmail.com 
 Hong Yuan, scsljzx@21cn.com

Received 17 July 2024
 Accepted 30 September 2024
 Published 16 October 2024

Citation
 Zhang Y, Li M, Zhang F, Lin J, Yuan H and Nian Q (2024) Circulating micronutrients levels and their association with the risk of endometriosis. Front. Nutr. 11:1466126. doi: 10.3389/fnut.2024.1466126
 

Background: Endometriosis, a prevalent gynecological disease, has an unclear pathogenesis. Micronutrients play a crucial role in disease development, which has led to an investigation of their association with endometriosis.

Methods: In this study, we analyzed the relationship between 15 micronutrients and endometriosis using both univariate and multivariate Mendelian randomization (MR) to assess the correlation. The results were validated using high-performance liquid chromatography (HPLC).

Results: The univariate MR analysis indicated that vitamin B6 (OR = 1.7060, 95% CI: 1.1796–2.4672, p = 0.0045) and calcium (OR = 1.4834, 95% CI: 1.0747–2.0475, p = 0.0165) are associated with an increased risk of endometriosis. Higher intakes of vitamin B6 and calcium are associated with a greater likelihood of developing endometriosis. The MR Egger regression’s intercept term demonstrated no evidence of pleiotropy (p > 0.05) or heterogeneity (p > 0.05) in the SNPs for calcium and vitamin B6. In multivariate MR analysis, vitamin B6 (OR = 2.397, 95% CI: 1.231–4.669, p = 0.01) was linked to an increased risk of endometriosis, independently of other exposure factors. No significant heterogeneity (p = 0.831) or pleiotropy (p = 0.369) was observed in the genetic variation of endometriosis, affirming the reliability of the multivariate MR analysis. HPLC confirmed a significant increase in serum levels of vitamin B6 and calcium, aligning with the MR analysis findings.

Conclusion: Vitamin B6 and calcium may be associated with this disease, with vitamin B6 potentially acting as an independent risk factor. Further research is essential to elucidate the role of micronutrients in disease, offering novel insights for prevention and treatment strategies.
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Introduction

Endometriosis, a hormone-dependent gynecological disease, is increasingly prevalent (1–3). Characterized by ectopic endometrial tissue growth, it causes inflammation and severe pain (4, 5). This condition substantially affects patients’ quality of life and fertility, but its mechanisms are not fully understood (6). Current treatments, mainly medication and surgery, have limitations: medications may not resolve the root cause, and surgery could irreversibly affect fertility (7). Therefore, there is an urgent need for novel therapeutic approaches to this gynecological condition. Micronutrients, including essential minerals and vitamins, are crucial for health and regulate various physiological processes (8). Recent studies have highlighted the link between micronutrients and diseases, seeking to understand endometriosis pathogenesis from this perspective. Further investigation could yield new insights for endometriosis prevention and management, potentially leading to innovative treatments (9, 10).

Micronutrients, including copper, calcium, carotene, folate, iron, magnesium, potassium, vitamins A, B6, B12, C, D, E, and zinc, are crucial for health and may influence endometriosis progression (11–13). Endometriosis, a common gynecological condition, is influenced by factors like genetics, environment, and lifestyle (14). Recent studies suggest a link between micronutrient intake and endometriosis (15). For instance, copper, pivotal in various physiological processes such as blood production and immune function, can impact immunity (16). A deficiency in copper might compromise immunity, potentially elevating the risk of endometriosis (17). Calcium, crucial for bone health, also affects female reproductive system functionality and could be associated with endometriosis onset (18, 19). Vitamin B6 and B12 are deemed significant in preventing endometriosis, given their roles in energy metabolism and nervous system maintenance (20). Insufficient levels of these vitamins may lead to metabolic disturbances, heightening susceptibility to illnesses. Vitamins C and E, potent antioxidants, may reduce cell damage and inflammation, potentially assisting in regulating endometriosis symptoms (21, 22). Additionally, zinc, an essential mineral, affects cellular division, immune response, and anti-inflammatory processes. Inadequate zinc levels can impair the immune system and inflammatory reactions, thereby increasing disease risks. A balanced micronutrient intake is crucial for preventing endometriosis and other gynecological issues (23). By adopting a well-rounded diet and incorporating necessary vitamins and minerals sensibly, one can effectively lower disease risks and ensure optimal reproductive system health (24). However, despite studies suggesting correlations, uncertainties regarding calcium–magnesium-endometrium interactions remain due to confounding variables.

Mendelian Randomization (MR) analysis is a precise epidemiological method that minimizes susceptibility to environmental or social confounding factors and reverse causal relationships (25). By utilizing genetic variations strongly linked to exposure as instrumental variables, this approach establishes associations between exposure and outcome with greater reliability (26). Two-sample MR analysis, leveraging GWAS (Genome-Wide Association Study) aggregated data, enhances the assessment of causal relationships while boosting statistical power (27). This study will employ a combination of MR analysis, GWAS data, and Finngen data to investigate the causal link between 15 micronutrients and endometriosis through multivariate MR analysis (28). Meanwhile, the results of MR analysis were detected using high-performance liquid chromatography to further verify the causal relationship between micronutrients and endometriosis.

Conducting thorough research on micronutrients’ correlation with endometriosis may reveal the disease’s pathogenesis. This exploration could provide a scientific basis for developing future prevention and treatment strategies. Delving into this field not only enhances comprehension of disease fundamentals but also introduces innovative avenues to enhance patients’ quality of life and safeguard fertility.



Methods


Study design

This study investigated the impact of 15 micronutrients on endometriosis, comprising 7 mineral micronutrients and 8 vitamins. The researchers employed the dual sample MR method to assess the causal relationships between these micronutrients and vitamins with endometriosis, as depicted in Figure 1. Stringent criteria were set to carefully select single nucleotide polymorphisms (SNPs) associated with the micronutrients and vitamins as instrumental variables to uphold the core hypothesis. During the selection of instrumental variables, SNPs linked to potential confounding factors were meticulously screened and excluded to ensure the assumption of independence was met. Moreover, to prevent instrumental variables from affecting outcomes through other pathways, a pleiotropy analysis was conducted during the MR analysis or instrumental variables showing signs of pleiotropy were removed to satisfy the exclusivity hypothesis (Supplementary Figure S1).
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FIGURE 1
 Overview of this bidirectional MR study design.




Data selection and acquisition

In our study, we prioritized the GWAS catalog database1 and FinnGen database2 for their relevance to trace elements and endometriosis, and for their high data quality. Following a comprehensive literature review (29–32), we found these databases to be highly regarded for their extensive genetic and clinical data, including long-term follow-ups, and for their data quality, robustness, and credibility. Specifically, we sourced endometriosis genetic data from FinnGen database, which covers decades of longitudinal medical information and has a depth and breadth that is rare internationally. Concurrently, we collected trace element data from GWAS, a database rich in genetic markers and phenotypes, facilitating the study of genetic variations related to various traits and diseases. Both databases are regularly updated, and researchers can access and download the latest data for free through online platforms. During data selection, we applied stringent criteria based on epidemiological and genetic research standards, considering data reliability, sample size, representativeness, and accessibility to ensure the study’s transparency and reproducibility.

The summary data from genome-wide association studies for 15 micronutrients is sourced from the GWAS catalog database. These micronutrients include copper, calcium, carotene, folic acid, iron, magnesium, potassium, zinc, as well as vitamins A, B12, B6, C, D, and E. The information regarding endometriosis is obtained from the FinnGen database, as outlined in Supplementary Table S1.



Instrumental variables selection

We identified significant single nucleotide polymorphisms (SNPs) (p < 5×10−6) from GWAS data for 15 micronutrients. The entire gene dataset from the European Thousand Genomes Project was utilized as a reference to assess linkage disequilibrium (LD) among SNPs. Independent SNPs (r2 < 0.001, distance >10,000 kb) were chosen as instrumental variables. To ensure that the selected SNPs were exclusively linked to exposure and outcomes, the PhenoScanner database was employed to scrutinize each SNP. To support the correlation hypothesis, we evaluated the strength of instrumental variables by calculating the F-statistic (F = β2/SE2), with β as the allele effect and SE as the standard error. An F-value greater than 10 indicates a robust association between instrumental variables and mineral micronutrients as well as vitamins. In cases where SNPs related to outcomes were missing, they were replaced with highly linked SNPs. SNPs without substitutes were excluded from the analysis.



Univariate MR analysis

The IVW method was the primary research approach, with MR Egger, Weighted median, Simple mode, and Weighted mode analyses as supplements. IVW disregards intercept terms during regression and utilizes the reciprocal of outcome variance as weights for fitting (33, 34). Conversely, MR Egger regression considers intercept terms, displaying robustness and tolerance towards outliers and complex data factors, ensuring result accuracy and reliability. Weighted median estimation remains consistent even with up to 50% ineffective instrumental variables, addressing differences in instrumental variable accuracy effectively. Using median estimates for causal effects minimizes external interference, enhancing reliability. Simple mode adjusts for genetic variation impacts on exposure, eliminating confounders and reverse causal influences. Weighted mode enhances estimation efficiency and accuracy through genetic variation weighting, especially beneficial for large datasets, delivering precise causal effect estimates. Heterogeneity assessment via MR Egger and Inverse variance weighted analysis indicates homogeneity when p > 0.05. Multiplicity is assessed with the Egger Intercept test. Sensitivity analysis involves a leave-one-out method, sequentially removing each SNP to evaluate individual impact on merged results, ensuring overall result robustness. Funnel plots help detect bias presence. Applying these methods, we identified 15 micronutrients significantly associated with endometriosis.



Multivariate MR analysis

By utilizing multivariate MR analysis (35), which combines MR principles with statistical methods such as multiple linear regression, we aim to determine if nutrients linked to endometriosis can each have distinct causal impacts. Additionally, we will conduct heterogeneity and pleiotropy analyses concurrently to assess the reliability and robustness of the findings.



Determination of micronutrients content

With informed consent from endometriosis patients and healthy volunteers, we measured serum levels of vitamin B6 and calcium using high-performance liquid chromatography. Firstly, prepare a series of standard solutions containing micronutrients of different concentrations to establish a standard curve for quantitative analysis of the target substance. Then, inject the prepared serum sample into the HPLC instrument and analyze it under the specified conditions. Lastly, record and calculate the vitamin B6 and calcium levels.



Statistical analysis

Statistical analyses were conducted using RStudio (version 4.3.0) and TwoSampleMR (version 0.5.7). Causal relationships between 15 micronutrients and endometriosis were established using Odds Ratios (OR) and 95% confidence intervals (CI). All statistical tests were two-tailed with a significance level set at α = 0.05.




Results


Filtering of instrumental variables

In this study, we acquired endometriosis genetic data from FinnGen databases, comprising 111,583 controls and 22,883 patients, along with 21,270,109 SNPs. Additionally, we sourced micronutrient genetic data from the GWAS database, including copper (n = 2,603, SNPs = 2,543,646), selenium (n = 2,603, SNPs = 2,543,617), zinc (n = 2,603, SNPs = 2,543,610), vitamin A (n = 460,351, SNPs = 9,851,867) and calcium, carotene, folate, iron, magnesium, potassium, vitamin B12, vitamin B6, vitamin C, vitamin D, and vitamin E, with a uniform sample size of 64,979 and 9,851,867 SNPs (Supplementary Table S1). We will select appropriate instrumental variables from these data based on the screening criteria of instrumental variables to explore the association between micronutrient and endometriosis. According to the instrumental variable screening criteria, the number of SNPs included in each nutrient is as follows: Copper: 6 SNPs, Selenium: 6 SNPs, Zinc: 8 SNPs, Folate: 12 SNPs, Carotene: 15 SNPs, Potassium: 14 SNPs, Iron: 11 SNPs, Calcium: 19 SNPs, Magnesium: 17 SNPs, Vitamin A: 11 SNPs, Vitamin B12: 8 SNPs, Vitamin B6: 17 SNPs, Vitamin C: 10 SNPs, Vitamin D: 13 SNPs, Vitamin E: 12 SNPs. Detailed SNP information is provided in Supplementary Table S2.



Univariate MR analysis

The IVW analysis in Figure 2 and Supplementary Table S3 reveal a significant causal link between calcium and endometriosis (OR = 1.4834, 95% CI: 1.0747–2.0475, p = 0.0165). This indicates that an excessive amount of calcium in women’s bodies heightens the risk of developing endometriosis. Similarly, there is a notable causal link between vitamin B6 and endometriosis (OR = 1.7060, 95% CI: 1.1796–2.4672, p = 0.0045), implying that elevated levels of vitamin B6 can increase the likelihood of endometriosis in women. On the other hand, Copper, Selenium, Zinc, Folate, Carotene, Potassium, Iron, Magnesium, Vitamin A, Vitamin B12, Vitamin C, Vitamin D, Vitamin E, and other micronutrients do not exhibit a causal relationship with endometriosis (p > 0.05). Additionally, the results from MR Egger, Weighted median, Simple mode, and Weighted mode methods align closely with those of the IVW method. Heterogeneity analysis performed using MR Egger and Inverse variance weighted (Supplementary Table S4) indicates no heterogeneity among the included SNPs (p > 0.05). The pleiotropy test of Egger Intercept test (Supplementary Table S4) reveals that horizontal pleiotropy does not introduce bias into the effect size of MR analysis (p > 0.05). Leave-one-out analysis demonstrates that no individual SNP significantly influences the effect size of MR analysis (Supplementary Figure S2). Collectively, these findings suggest the MR-derived causal relationship between micronutrients and endometriosis is reliable.

[image: Figure 2]

FIGURE 2
 Circos plot of univariate MR analysis of 5 methods after removing heterogeneity with circulating micronutrients levels and endometriosis.




MR analysis of endometriosis-related micronutrients

A univariate MR analysis was conducted to investigate the causal effects of endometriosis-related micronutrients, specifically Calcium and vitamin B6, on endometriosis. The results revealed a significant causal relationship between calcium, vitamin B6, and endometriosis, as shown in Figure 3 and Supplementary Table S5. The intercept term of the MR Egger regression indicated no significant directed pleiotropy between SNPs in the Calcium and Vitamin B6 datasets, with p-values exceeding 0.05 (Table 1). No significant heterogeneity was detected in genetic variations related to calcium and endometriosis (Cochran’s Q = 13.084, p = 0.787) or vitamin B6 and endometriosis (Cochran’s Q = 19.838, p = 0.228) (Table 1). Consequently, inverse variance weighted (IVW) methods under fixed and random effects were separately employed to assess the causal relationship between Calcium, vitamin B6, and endometriosis. The IVW method indicated that higher Calcium levels was associated with an increased risk of endometriosis (OR = 1.4834, 95% CI: 1.0747–2.0475, p = 0.0165), and the same was true for vitamin B6 (OR = 1.7060, 95% CI: 1.1796–2.4672, p = 0.0045). The weighted median method, compared to the supplementary method, corroborated the impact of Calcium and vitamin B6 on the risk of endometriosis, underscoring the stability of the IVW method results (Figure 3). The scatter plot showcasing the potential impact of SNPs on Calcium, Vitamin B6, and endometriosis is depicted in Supplementary Figure S3, where the slope of each method signifies the magnitude of the effect evaluated by that specific method. Both individual and combined effects of Calcium and Vitamin B6 on endometriosis are illustrated in Supplementary Figure S4. Calcium exhibits 19 SNPs, and vitamin B6 has 17 SNPs associated with an increased risk of endometriosis (Supplementary Figure S5). The sensitivity analysis outcomes using the retention method are displayed in Supplementary Figure S6, indicating that no single SNP predominantly influences the overall effect.
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FIGURE 3
 Univariate MR analysis of 5 methods after removing heterogeneity of endometriosis-related micronutrients.




TABLE 1 Heterogeneity and pleiotropy analysis for MR analysis of endometriosis-related micronutrients.
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Multivariate MR analysis (MVMR)

A multivariate MR analysis was conducted to explore the potential causal effects of micronutrients, including Vitamin D, copper, zinc, calcium, and vitamin B6, on endometriosis risk. The findings revealed that Vitamin B6 (OR = 2.397, 95% CI: 1.231–4.669, p = 0.01) independently correlated with other exposure factors, leading to an elevated risk of endometriosis (Figure 4). This indicates a significant role for vitamin B6 in endometriosis development. Moreover, the analysis found no significant heterogeneity (Cochran’s Q = 23.475, p = 0.831) or pleiotropy (p = 0.369) among the genetic variations associated with endometriosis (Table 2), supporting the credibility of the multivariate MR findings. Therefore, Vitamin B6 emerged as an independent factor associated with an increased risk of endometriosis, regardless of other exposure factors.

[image: Figure 4]

FIGURE 4
 Multivariate MR analysis after removing heterogeneity of endometriosis-related micronutrients and endometriosis.




TABLE 2 Heterogeneity and pleiotropy analysis for multivariate MR analysis.
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Evaluation of the assumptions of MR

To test the correlation hypothesis, we initially selected SNPs associated with 15 micronutrients from GWAS data with a substantial sample size. We applied a stringent genome-wide significance threshold of p < 5 × 10−6 and verified that the F-statistics for each SNP were above 10 (Supplementary Table S2). This rigorous selection process ensures the chosen SNPs are closely related to exposure, reducing the risk of weak instrument bias. Furthermore, to examine the assumption of independence, we utilized the PhenoScanner V2 tool to assess whether the SNPs were associated with any confounding factors or risk elements related to the 15 micronutrients. Our analysis indicated that none of the selected SNPs were linked to these confounding factors. Next, we performed MVMR, confirming consistent and reliable results (Figure 4 and Table 2). Lastly, to address the exclusion hypothesis, we grouped SNPs based on specific criteria to minimize LD and enhance their independence. Neither the MR Egger regression intercept nor the IVW method detected horizontal pleiotropy (p > 0.05), highlighting the robustness of these methods against such issues (Tables 1, 2 and Supplementary Table S4). Thus, estimates of causality are unlikely to be biased by this minor level of pleiotropy.



The level of vitamin B6 and calcium in endometriosis and healthy volunteers

We detected the levels of Vitamin B6 and Calcium in the serum of patients with endometriosis and healthy volunteers using high-performance liquid chromatography. Compared with healthy volunteers, we observed a significant decrease in the levels of Vitamin B6 and Calcium in the serum of patients with endometriosis (Figure 5). These results indicate a significant correlation between the levels of Vitamin B6 and Calcium in serum and the occurrence of endometriosis. Additionally, our MR analysis further confirms this finding, confirming a significant association between serum levels of Vitamin B6 and Calcium and the occurrence of endometriosis. This research result provides new strategies and directions for the prevention, early diagnosis, and clinical treatment of endometriosis.

[image: Figure 5]

FIGURE 5
 The content of micronutrients (A) Vitamin B6 and (B) Calcium in the serum of patients with endometriosis and healthy volunteers.





Discussion

Endometriosis, a prevalent gynecological disease, poses a complex and not entirely elucidated pathogenesis (36). Micronutrients are pivotal in regulating disease onset, prompting our study to delve into the correlation between micronutrients and endometriosis (36, 37). By employing MR analysis and multivariate MR analysis, we aim to objectively assess the potential correlation between micronutrients and endometriosis.

In our study, we conducted a comprehensive analysis of the association between 15 micronutrients and endometriosis, utilizing GWAS data from FinnGen. Our analysis included the following micronutrients: copper, calcium, carotene, folate, iron, magnesium, potassium, vitamin A, B12, B6, C, D, E, and zinc. Using univariate MR analysis, we discovered a positive correlation between vitamin B6 and calcium intake and the risk of endometriosis. Specifically, higher intakes of vitamin B6 and calcium were associated with an increased likelihood of endometriosis. Our finding indicates that the intake of vitamin B6 and calcium could be linked to the onset of endometriosis. Concurrently, we employed high-performance liquid chromatography to measure serum vitamin B6 and calcium levels in both endometriosis patients and healthy volunteers. The results revealed significantly elevated serum levels of vitamin B6 and calcium in endometriosis patients, aligning with the MR analysis findings. Further evidence suggests that the association between vitamin B6 and calcium levels and the risk of endometriosis (20).

In addition, some research has highlighted vitamin B6 as an essential nutrient contributing to various metabolic pathways within the body, including amino acid metabolism and neurotransmitter synthesis (38–40). Further exploration is needed to ascertain whether its mechanism directly influences the pathogenesis of endometriosis. Conversely, calcium plays an essential role in physiological processes such as cellular signaling, muscle contraction, and neurotransmission (41–43). Excessive intake may disrupt calcium ion homeostasis, potentially contributing to health conditions like endometriosis (44, 45). These findings are consistent with our results, thereby reinforcing the hypothesis that links vitamin B6, calcium, and endometriosis.

Previous research has demonstrated a significant association between micronutrients, including vitamin D (46), copper (17, 47), and zinc (48), and the risk of endometriosis (20, 45). Our study further explores the relationship between these micronutrients—vitamin D, copper, and zinc—and endometriosis, incorporating a multifactorial MR analysis. Additionally, by identifying vitamin B6 and calcium as influential factors in univariate MR analysis, this this investigation reveals that vitamin B6 significantly influences endometriosis risk, independent of other factors. This novel finding highlights the unique role of vitamin B6 in endometriosis development, confirming previous research and strengthening the link between vitamin B6 and endometriosis.

However, it is worth noting that there are some limitations in this study. Firstly, we only relied on GWAS data and Finngen data for analysis, which may have resulted in incomplete consideration of other important factors. Future research should integrate additional data sources and comprehensive factors for more precise conclusions. Secondly, the intake of vitamin B6 and calcium may be influenced by other unmeasured potential factors, such as individual dietary habits and lifestyle, which may interfere with the results.

Despite its limitations, our study provides significant clinically relevant findings. First, we have uncovered new insights into the pathological mechanism of endometriosis. Vitamin B6 and calcium, identified as micronutrients linked to an elevated risk of this disease, may serve as potential predictive factors or targets for therapeutic interventions. Future investigations should thoroughly explore the roles of these micronutrients in endometriosis to craft more precise and efficacious prevention and treatment strategies. Second, our research outcomes lay a foundational groundwork for implementing pertinent public health initiatives. For instance, by propagating knowledge about the impact of vitamin B6 and calcium on endometriosis through educational campaigns, public awareness can be heightened. This, in turn, could guide individuals to adjust their daily dietary intake of these micronutrients accordingly. Furthermore, our study underscores the significance of micronutrients in the development of gynecological diseases, offering fresh perspectives for probing further into the connections between micronutrients and other such conditions. Given the vital importance of micronutrients in health, it is advisable to intensify relevant research efforts aimed at unraveling the mechanisms through which micronutrients influence gynecological diseases. This approach can significantly improve prevention and treatment of women’s health and gynecological disorders.

In summary, our findings indicate a potential association between vitamin B6, calcium and the risk of endometriosis. Furthermore, our study emphasizes vitamin B6’s crucial independent role in endometriosis development, providing new insights for prevention and treatment strategies. However, further research is essential to deepen our understanding of micronutrient mechanisms in endometriosis and to enhance the management of this common gynecological disorder.



Data availability statement

Publicly available datasets were analyzed in this study. This data can be found here: The data that support the findings of this study are openly available in IEU GWAS database at https://gwas.mrcieu.ac.uk/.



Ethics statement

The studies involving humans were approved by Clinical Sample Management Ethics Committee of Sichuan Provincial People’s Hospital. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin.



Author contributions

YZ: Conceptualization, Data curation, Funding acquisition, Methodology, Supervision, Writing – original draft, Writing – review & editing. ML: Data curation, Writing – review & editing. FZ: Data curation, Formal analysis, Writing – review & editing. JL: Data curation, Writing – review & editing. HY: Supervision, Writing – review & editing. QN: Supervision, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This investigation was supported by National Natural Science Foundation (32200957 and 82204858), Sichuan Natural Science Foundation (2024NSFSC1889) and Sichuan Provincial People's Hospital Foundation (No. 2022QN09).



Acknowledgments

The authors acknowledge and thank the investigators of the original GWAS and FinnGen studies for sharing summary data used in this study.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2024.1466126/full#supplementary-material



Footnotes

1   https://gwas.mrcieu.ac.uk/


2   https://www.finngen.fi/en/access_results




References

 1. Taylor, HS, Kotlyar, AM, and Flores, VA. Endometriosis is a chronic systemic disease: clinical challenges and novel innovations. Lancet. (2021) 397:839–52. doi: 10.1016/S0140-6736(21)00389-5 

 2. Bonavina, G, and Taylor, HS. Endometriosis-associated infertility: from pathophysiology to tailored treatment. Front Endocrinol. (2022) 13:1020827. doi: 10.3389/fendo.2022.1020827 

 3. Vannuccini, S, Maseroli, E, Vignozzi, L, and Petraglia, F. The challenge of endometriosis for female sexual health. J Sex Med. (2023) 20:240–6. doi: 10.1093/jsxmed/qdad004 

 4. Artemova, D, Vishnyakova, P, Khashchenko, E, Elchaninov, A, Sukhikh, G, and Fatkhudinov, T. Endometriosis and cancer: exploring the role of macrophages. Int J Mol Sci. (2021) 22:5196. doi: 10.3390/ijms22105196 

 5. Gruber, TM, and Mechsner, S. Pathogenesis of endometriosis: the origin of pain and subfertility. Cells. (2021) 10:1381. doi: 10.3390/cells10061381 

 6. Lin, Y-H, Chen, YH, Chang, HY, Au, HK, Tzeng, CR, and Huang, YH. Chronic niche inflammation in endometriosis-associated infertility: current understanding and future therapeutic strategies. Int J Mol Sci. (2018) 19:2385. doi: 10.3390/ijms19082385


 7. Rodgers, AK, and Falcone, T. Treatment strategies for endometriosis. Expert Opin Pharmacother. (2008) 9:243–55. doi: 10.1517/14656566.9.2.243


 8. Johnson, NP, Hummelshoj, L, Abrao, MS, Adamson, GD, Allaire, C, Amelung, V , et al. Consensus on current management of endometriosis. Hum Reprod. (2013) 28:1552–68. doi: 10.1093/humrep/det050


 9. Saunders, PT, and Horne, AW. Endometriosis: etiology, pathobiology, and therapeutic prospects. Cell. (2021) 184:2807–24. doi: 10.1016/j.cell.2021.04.041 

 10. Vercellini, P, Somigliana, E, Viganò, P, Abbiati, A, Barbara, G, and Crosignani, PG. Endometriosis: current therapies and new pharmacological developments. Drugs. (2009) 69:649–75. doi: 10.2165/00003495-200969060-00002


 11. Seibel, MM
. The role of nutrition and nutritional supplements in women’s health. Fertil Steril. (1999) 72:579–91. doi: 10.1016/S0015-0282(99)00303-9


 12. Forma, A, Grunwald, A, Zembala, P, Januszewski, J, Brachet, A, Zembala, R , et al. Micronutrient status and breast Cancer: a narrative review. Int J Mol Sci. (2024) 25:4968. doi: 10.3390/ijms25094968 

 13. Roth-Walter, F, Berni Canani, R, O'Mahony, L, Peroni, D, Sokolowska, M, Vassilopoulou, E , et al. Nutrition in chronic inflammatory conditions: bypassing the mucosal block for micronutrients. Allergy. (2024) 79:353–83. doi: 10.1111/all.15972 

 14. Coiplet, E, Courbiere, B, Agostini, A, Boubli, L, Bretelle, F, and Netter, A. Endometriosis and environmental factors: a critical review. J Gynecol Obstet Hum Reprod. (2022) 51:102418. doi: 10.1016/j.jogoh.2022.102418 

 15. Osmanlıoğlu, Ş, and Sanlier, N. The relationship between endometriosis and diet. Hum Fertil. (2023) 26:649–64. doi: 10.1080/14647273.2021.1995900


 16. Karim, N
. Copper and human health-a review. J Bahria Univ Med Dental College. (2018) 8:117–22. doi: 10.51985/JBUMDC2018046


 17. Turgut, A, Özler, A, Görük, NY, Tunc, SY, Evliyaoglu, O, and Gül, T. Copper, ceruloplasmin and oxidative stress in patients with advanced-stage endometriosis. Eur Rev Med Pharmacol Sci. (2013) 17:1472–8.

 18. Arslan, S, and Akdevelioğlu, Y. The relationship between female reproductive functions and vitamin D. J Am Coll Nutr. (2018) 37:546–51. doi: 10.1080/07315724.2018.1431160


 19. Kapper, C, Oppelt, P, Ganhör, C, Gyunesh, AA, Arbeithuber, B, Stelzl, P , et al. Minerals and the menstrual cycle: impacts on ovulation and endometrial health. Nutrients. (2024) 16:1008. doi: 10.3390/nu16071008


 20. Roshanzadeh, G, Jahanian Sadatmahalleh, S, Moini, A, Mottaghi, A, and Rostami, F. The relationship between dietary micronutrients and endometriosis: a case-control study. Int J Reprod Biomed. (2023) 21:333–42. doi: 10.18502/ijrm.v21i4.13272 

 21. Baboo, KD, Chen, Z-Y, and Zhang, X-M. Role of oxidative stress and antioxidant therapies in endometriosis. Reprod Dev Med. (2019) 3:170–6. doi: 10.4103/2096-2924.268154


 22. Markowska, A, Antoszczak, M, Markowska, J, and Huczyński, A. The role of selected dietary factors in the development and course of endometriosis. Nutrients. (2023) 15:2773. doi: 10.3390/nu15122773 

 23. Ciebiera, M, Esfandyari, S, Siblini, H, Prince, L, Elkafas, H, Wojtyła, C , et al. Nutrition in gynecological diseases: current perspectives. Nutrients. (2021) 13:1178. doi: 10.3390/nu13041178 

 24. Schulz, R, and Slavin, J. Perspective: defining carbohydrate quality for human health and environmental sustainability. Adv Nutr. (2021) 12:1108–21. doi: 10.1093/advances/nmab050 

 25. Davey Smith, G, and Hemani, G. Mendelian randomization: genetic anchors for causal inference in epidemiological studies. Hum Mol Genet. (2014) 23:R89–98. doi: 10.1093/hmg/ddu328 

 26. Palmer, TM, Lawlor, DA, Harbord, RM, Sheehan, NA, Tobias, JH, Timpson, NJ , et al. Using multiple genetic variants as instrumental variables for modifiable risk factors. Stat Methods Med Res. (2012) 21:223–42. doi: 10.1177/0962280210394459 

 27. Minelli, C, del Greco, MF, van der Plaat, DA, Bowden, J, Sheehan, NA, and Thompson, J. The use of two-sample methods for Mendelian randomization analyses on single large datasets. Int J Epidemiol. (2021) 50:1651–9. doi: 10.1093/ije/dyab084 

 28. Sala, E, Akin, O, Moskowitz, CS, Eisenberg, HF, Kuroiwa, K, Ishill, NM , et al. Endorectal MR imaging in the evaluation of seminal vesicle invasion: diagnostic accuracy and multivariate feature analysis. Radiology. (2006) 238:929–37. doi: 10.1148/radiol.2383050657


 29. McCarthy, MI, Abecasis, GR, Cardon, LR, Goldstein, DB, Little, J, Ioannidis, JPA , et al. Genome-wide association studies for complex traits: consensus, uncertainty and challenges. Nat Rev Genet. (2008) 9:356–69. doi: 10.1038/nrg2344 

 30. Heeney, C
. Problems and promises: how to tell the story of a genome wide association study? Stud Hist Philos Sci Part A. (2021) 89:1–10. doi: 10.1016/j.shpsa.2021.06.003 

 31. Kurki, MI, Karjalainen, J, Palta, P, Sipilä, TP, Kristiansson, K, Donner, KM , et al. FinnGen provides genetic insights from a well-phenotyped isolated population. Nature. (2023) 613:508–18. doi: 10.1038/s41586-022-05473-8 

 32. Cantor, RM, Lange, K, and Sinsheimer, JS. Prioritizing GWAS results: a review of statistical methods and recommendations for their application. Am J Hum Genet. (2010) 86:6–22. doi: 10.1016/j.ajhg.2009.11.017 

 33. Lin, Z, Deng, Y, and Pan, W. Combining the strengths of inverse-variance weighting and egger regression in Mendelian randomization using a mixture of regressions model. PLoS Genet. (2021) 17:e1009922. doi: 10.1371/journal.pgen.1009922 

 34. Bowden, J, del Greco M, F, Minelli, C, Zhao, Q, Lawlor, DA, Sheehan, NA , et al. Improving the accuracy of two-sample summary-data Mendelian randomization: moving beyond the NOME assumption. Int J Epidemiol. (2019) 48:728–42. doi: 10.1093/ije/dyy258 

 35. Hricak, H, Chen, M, Coakley, FV, Kinkel, K, Yu, KK, Sica, G , et al. Complex adnexal masses: detection and characterization with MR imaging—multivariate analysis. Radiology. (2000) 214:39–46. doi: 10.1148/radiology.214.1.r00ja3939 

 36. Symons, LK, Miller, JE, Kay, VR, Marks, RM, Liblik, K, Koti, M , et al. The immunopathophysiology of endometriosis. Trends Mol Med. (2018) 24:748–62. doi: 10.1016/j.molmed.2018.07.004 

 37. Mirabelli, M, Chiefari, E, Arcidiacono, B, Corigliano, DM, Brunetti, FS, Maggisano, V , et al. Mediterranean diet nutrients to turn the tide against insulin resistance and related diseases. Nutrients. (2020) 12:1066. doi: 10.3390/nu12041066 

 38. Calderón-Ospina, CA, and Nava-Mesa, MO. B vitamins in the nervous system: current knowledge of the biochemical modes of action and synergies of thiamine, pyridoxine, and cobalamin. CNS Neurosci Ther. (2020) 26:5–13. doi: 10.1111/cns.13207 

 39. Mascolo, E, and Vernì, F. Vitamin B6 and diabetes: relationship and molecular mechanisms. Int J Mol Sci. (2020) 21:3669. doi: 10.3390/ijms21103669 

 40. Wilson, MP, Plecko, B, Mills, PB, and Clayton, PT. Disorders affecting vitamin B6 metabolism. J Inherit Metab Dis. (2019) 42:629–46. doi: 10.1002/jimd.12060 

 41. Clapham, DE
. Calcium signaling. Cell. (1995) 80:259–68. doi: 10.1016/0092-8674(95)90408-5


 42. Bootman, MD, and Bultynck, G. Fundamentals of cellular calcium signaling: a primer. Cold Spring Harb Perspect Biol. (2020) 12:a038802. doi: 10.1101/cshperspect.a038802 

 43. Verkhratsky, A, Orkand, RK, and Kettenmann, H. Glial calcium: homeostasis and signaling function. Physiol Rev. (1998) 78:99–141. doi: 10.1152/physrev.1998.78.1.99


 44. Harris, HR, Chavarro, JE, Malspeis, S, Willett, WC, and Missmer, SA. Dairy-food, calcium, magnesium, and vitamin D intake and endometriosis: a prospective cohort study. Am J Epidemiol. (2013) 177:420–30. doi: 10.1093/aje/kws247 

 45. Osuchowska-Grochowska, I, Blicharska, E, Gogacz, M, Nogalska, A, Winkler, I, Szopa, A , et al. Brief review of endometriosis and the role of trace elements. Int J Mol Sci. (2021) 22:11098. doi: 10.3390/ijms222011098 

 46. Kalaitzopoulos, DR, Lempesis, IG, Athanasaki, F, Schizas, D, Samartzis, EP, Kolibianakis, EM , et al. Association between vitamin D and endometriosis: a systematic review. Hormones. (2020) 19:109–21. doi: 10.1007/s42000-019-00166-w 

 47. Lin, Y, Yuan, M, and Wang, G. Copper homeostasis and cuproptosis in gynecological disorders: pathogenic insights and therapeutic implications. J Trace Elem Med Biol. (2024) 84:127436. doi: 10.1016/j.jtemb.2024.127436


 48. Messalli, EM, Schettino, MT, Mainini, G, Ercolano, S, Fuschillo, G, Falcone, F , et al. The possible role of zinc in the etiopathogenesis of endometriosis. Clin Exp Obstet Gynecol. (2014) 41:541–6. doi: 10.12891/ceog19332014



Copyright
 © 2024 Zhang, Li, Zhang, Lin, Yuan and Nian. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fnut-11-1466126-g005.jpg
Endometriosis—|

Vitamin B6

Normal-{

Content in serum(ng/ml)

Hokk

Endometriosis-|

Calcium

Normal-|

60

90 120
Content in serum(ug/ml)

150





OPS/images/fnut-11-1466126-t001.jpg
Exposure Heterogeneity Pleiotropy

Method Q Q_df Q_pval Egger intercept se
MR Egger 19.600 15 0.188
Vitamin B6 Inverse variance 0.008 0018 0.676
19.838 16 0228
weighted
MR Egger 13013 17 0735
Calcium Inverse variance 0.006 0021 0793
13.084 18 0787

weighted





OPS/images/fnut-11-1466126-g003.jpg
exposure nsnp method pval OR(95% CI)

Calcium 19 MR Egger 0.716 1.262 (0.368 to 4.327)
19 Weighted median 0.014 1.742 (1.118 t0 2.715)

19 Inverse variance weighted 0.016 1.483 (1.075 to 2.048)

19 Simple mode 0.125 1.888 (0.870 to 4.097)

19 Weighted mode 0.136 1.922 (0.846 to 4.364)

Vitamin B6 17 MR Egger 0.427 1.438 (0.601 to 3.439)
17 Weighted median 0.011 1.876 (1.158 to 3.040)

17 Inverse variance weighted 0.005 i 1.706 (1.180 to 2.467)

17 Simple mode 0.128 —_— 2.081 (0.851 to 5.091)

17 Weighted mode 0.101 »——0—~ 1.897 (0.923 to 3.898)

ISUS USSR
0051152253





OPS/images/fnut-11-1466126-g004.jpg
‘exposure
Copper
Zine
Vitamin D
Vitarmin 86
Calcium

pval
0.483
0.528
0788
0010
0723

If

0 05 1

15

OR(35% CI)
1,019 096710 1.074)
0.978 (0.912 10 1.048)
0.925 (0.524 to 1.634)
2.397 (1.231 t0 4.669)
1.080 (0.707 to 1.650)





OPS/images/fnut-11-1466126-t002.jpg
id.exposure  Exposure Low High Heterogeneity Pleiotropy
95%Cl  95%CI

[e] P- Intercept
value value
feu-a-1073 Copper 0019 0027 0483 1019 0.967 1074
feu-a-1079 Zine -0022 0036 0528 0978 0912 1048
ukb-b-18593 Vitamin D ~0078 029 | 0788 0925 0524 1634 2475 0831 -0010 0369
ukb-b-7864 Vitamin B6 0874 0340 0010 2397 1231 4669

ukb-b-8951 Calcium 0077 | 0216 0723 1080 0.707 1,650





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Circulating micronutrients levels and their association with the risk of endometriosis



		Introduction



		Methods



		Study design



		Data selection and acquisition



		Instrumental variables selection



		Univariate MR analysis



		Multivariate MR analysis



		Determination of micronutrients content



		Statistical analysis









		Results



		Filtering of instrumental variables



		Univariate MR analysis



		MR analysis of endometriosis-related micronutrients



		Multivariate MR analysis (MVMR)



		Evaluation of the assumptions of MR



		The level of vitamin B6 and calcium in endometriosis and healthy volunteers









		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		Footnotes



		References



















OPS/images/fnut-11-1466126-g001.jpg
Independence assumpti

Genetic instruments

SNP,

SNP,

A

Samples of Micronutrients.

from GWAS.

Relevance
assumption

Fifty micronutrients of interest were identified:
Copper, Calcium, Carotene, Folate, Iron,
Magnesium, Potassium, Selenium, Vitamin A,
Vitamin B12, Vitamin 86, Vitamin C, Vitamin D,

Vitamin E, Zine,
Filter
P=5e-6, LD(r*

001), kb=10000kb.

Exposures
C . )
Micronutrients °°

Exclusion restriction assumj

Mendelian randomization analysis

Inverse variance weighted method (IVW)
MR Egger,

Weighted median,

Simple mode,

Weighted mode

leave-one-out sensitiity analysis
Egger-ntercept test

Multivariable MR

n

Outcomes

Endometriosis

FinnGen R10

Endometriosis:
16588 cases
and 111583
controls






OPS/images/fnut-11-1466126-g002.jpg
oejoy






OPS/images/cover.jpg
’ frontiers | Frontiers in Nutrition

Circulating micronutrients levels
and their association with the risk
of endometriosis












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Nutrition






