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Background

Iron deficiency is a common problem in subfertile women. The influence of iron status on unexplained infertility is unknown.





Methods

In a case-control study, 36 women with unexplained infertility and 36 healthy non-infertile controls were included. Parameters of iron status including serum ferritin and a serum ferritin <30 µg/dL served as main outcome parameters.





Results

Women with unexplained infertility demonstrated a lower transferrin saturation (median 17.3%, IQR 12.7-25.2 versus 23.9%, IQR 15.4-31.6; p= 0.034) and a lower mean corpuscular hemoglobin concentration (median 33.6 g/dL, IQR 33.0-34.1 versus 34.1 g/dL, IQR 33.2-34.7; p= 0.012). Despite the fact that there was no statistically significant difference in median ferritin levels (p= 0.570), women with unexplained infertility had ferritin levels <30µg/L more often (33.3%) than controls (11.1%; p= 0.023). In a multivariate model, unexplained infertility and abnormal thyroid antibodies were associated with ferritin <30µg/L (OR 4.906, 95%CI: 1.181-20.388; p= 0.029 and OR 13.099; 2.382-72.044; p= 0.029, respectively).





Conclusion

Ferritin levels <30µg/L were associated with unexplained infertility and might be screened in the future. Further studies with a focus on iron deficiency and iron treatment on women with unexplained infertility are warranted.
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Introduction

The overlap between nutritional status and unexplained infertility remains controversial and routinely is a matter for debate. One of the most important deficiencies commonly identified in both subfertile women as well as those not trying to conceive is iron deficiency. Sufficient iron supply is an important proxy for wellness, regulating numerous physiological and cellular processes (1). Given the widespread effects of iron deficiency on so many systems, there is concern that inadequate levels could contribute to infertility or recurrent miscarriages.

Iron homeostasis is frequently assessed through serum ferritin levels (2). The World Health Organization defines iron deficiency as ferritin <15 µg/L, but it has been argued that this cut-off should be increased to <30µg/L to improve the sensitivity of this parameter in populations with and without diseases (3). In a review about iron status in European females of childbearing age, median or geometric mean serum ferritin levels were assessed at 26-38 µg/L and about 40-55% of this females had low iron stores considered as serum ferritin levels ≤ 30 µg/L (3).It is well known that females suffer iron deficiency more frequent than males, which is mainly caused by the blood loss during menstruation. With the average blood loss of a normal menstruation about 16 mg iron are lost. It is reasonable that females with abnormal uterine bleeding (menorrhagia) were found to have higher chances for iron deficiency and iron deficiency resulting in anemia (4–6).

Concerning female fertility, Clancy et al. demonstrated that women with higher values of hemoglobin have more often an endometrium of more thickness (7). The authors concluded that improved health, as reflected by iron status, allowed females to get a endometrium of more thickness despite the fact that endometrium of more thickness was related with heavier menstruation and more blood loss (7). Among other results of a large study investigating the association between iron supplementation and hair loss, the cases of seven females, who became pregnant during supplemental iron intake, were investigated (8). Despite the small number of females, the authors of this publication propose an intriguing association between iron status and the ability to get pregnant (2, 8). Furthermore, a large prospective study over an 8-year period, which included 18.555 premenopausal females who regularly take iron supplements, demonstrated a significantly lower chance of infertility than in females without consumption of iron supplements (9). Additionally, in a recently published study on 84 females who suffered from recurrent pregnancy loss and 153 healthy controls, females with recurrent pregnancy loss demonstrated lower serum ferritin levels than the control group (39.9µg/L vs. 62.2µg/L) and had a more frequent occurrence of low iron status which was defined as ferritin levels <30 µg/L (35.7% vs. 13.7%) (10).

The role of serum auto-antibodies to infertility is still under debate, but there are studies about an association with iron deficiency, which is likely due to the associated comorbidities of autoimmune gastritis and coeliac disease (11). Thus, thyroid autoimmunity, which also has a well-known effect on thyroid physiology, might have an additional impact on infertility, even in euthyroid women (12–14).

There are no epidemiologic data on iron status and females with infertility/subfertility. Thus, the aim of our study was to evaluate the iron status in females with unexplained infertility in detail and to compare the findings to a control group of healthy females without infertility. In addition, we also focused on serum parameters for autoimmune thyroiditis.





Materials and methods




Patient population

This case-control study was performed at the Clinical Division of Gynecologic Endocrinology and Reproductive Medicine of the Medical University of Vienna, Austria. From November 2021 to September 2022, females with unexplained infertility and a control group of healthy females were included. All women were aged 18-40 years and had menstrual cycles of 24 to 38 days without signs of abnormal uterine bleeding in the last twelve cycles before enrollment in the study, which is considered normal (11). Use of any iron supplementation within the last six months was an exclusion criterion for all participants. The definition of unexplained infertility was determined as the non-occurrence of pregnancy after 12 months of regular unprotected sexual intercourse without presence of an identifiable cause (15). Potential causes for infertility constituting grounds for exclusion included oligoovulation, anovulation, blocked fallopian tubes (bilateral occlusion with hysterosalpingography or hysterosalpingo-contrast sonography), dysmenorrhea (with numeric rating scale >3), known endometriosis, fibroids, intracavitary abnormalities, or impairment of semen parameters (16). Participants of the healthy control group who volunteered did not suffer from primary or secondary infertility and were also otherwise healthy.

The study was approved by the Ethics Committee of the Medical University of Vienna (IRB number 1400/2021) and was conducted in accordance with the Declaration of Helsinki and the guidelines of Good Clinical Practice. Written informed consent was obtained for all cases. All records were anonymized and de-identified prior to the analyses.





Outcome parameters

The main outcome parameter was serum ferritin (presented as a numerical and a categorical parameter). A serum ferritin level <30 µg/L was considered as status of iron deficiency (3). Other serologic parameters included additional markers of iron status (transferrin, transferrin saturation, C-reactive protein, CRP), general hematological parameters (erythrocyte count, hemoglobin, hematocrit, mean corpuscular volume, mean corpuscular hemoglobin, mean corpuscular hemoglobin concentration, thrombocyte count, and leucocyte count), thyroid peroxidase antibodies (TPO-Ab), thyroglobulin antibodies (TG-Ab), follicle-stimulating hormone (FSH), luteinizing hormone (LH), anti-Mullerian hormone (AMH), total testosterone, androstenedione, dehydroepiandrosterone-sulphate (DHEA-S), thyroid-stimulating hormone (TSH), sexual hormone binding globulin (SHBG) and 25-hydroxyvitamin D3 (25OHD3). On the second to the fifth day of the menstruation cycle all included females had to undergo baseline blood sampling. The determination of all relevant serum parameters was performed at the Department of Laboratory Medicine, Medical University of Vienna, according to ISO 15189 quality standards. Finally, the following general patient characteristics were evaluated: age, body mass index (BMI), smoking status, duration of infertility in months, and primary versus secondary infertility.





Sample size calculation

Anticipating a mean difference in ferritin levels of 10 ng/mL with a standard deviation of ±10 ng/mL between tested groups and using an alpha of 0.01 with a power of 95%, a sample size of 36 per group was needed.





Statistical analysis

Data are present as median and interquartile range (IQR) for numerical parameters and as numbers (frequencies) for categorical data. Differences between groups were tested using unpaired t-tests/Fisher’s exact tests and Kruskal Wallis tests. Moreover, a binary logistic regression model was used to evaluate parameters associated with serum ferritin <30 µg/L. Univariate analyses were calculated and all significant parameters were entered into a multivariate model. For these analyses, odds ratios (OR) and 95% confidence intervals (95% CI) are provided. Statistical analyses were conducted with SPSS 26.0 and/or the open-source software “R”. P-values <0.05 were defined statistically significant.






Results

General characteristic data of the study group suffering unexplained infertility (n= 36) and the healthy control group (n= 36) are listed in Table 1. Most parameters did not differ between the two study cohorts. However, in the study group, a higher median age (33.0 years, IQR 29.9-36.2 versus 28.4 years, IQR 27.1-31.1; p< 0.001), higher TSH levels (1.85 µIU/mL, IQR 1.13-2.19 versus 1.33 µIU/mL, IQR 1.10-1.79; p= 0.039) and higher prolactin levels (17.3 ng/mL, IQR 10.9-21.1 versus 12.5 ng/mL, IQR 8.7-17.2; p= 0.008) were found.


Table 1 | Basic subject characteristics and results of hormonal testing.



Table 2 shows details of serological outcome parameters. Notably, the median serum iron was higher in the control group than in the study group (62.5 µg/dL IQR 52.3-85.0 versus 91.0 µg/dL, IQR 65.3-104.0; p= 0.003). In contrast, women with unexplained infertility demonstrated a lower transferrin saturation (median 17.3%, IQR 12.7-25.2 versus 23.9%, IQR 15.4-31.6; p= 0.034), a lower mean corpuscular hemoglobin concentration (median 33.6 g/dL, IQR 33.0-34.1 versus 34.1 g/dL, IQR 33.2-34.7; p= 0.012). A higher median CRP level was found in women with unexplained infertility (median 1.25 mg/L, IQR, 0.53-2.18) versus 0.40 mg/L, IQR 0.00-1.00; p< 0.001). Despite the fact that there was no statistically significant difference in median ferritin levels (p= 0.570), women with unexplained infertility had ferritin levels <30µg/L more often (33.3%) than controls (11.1%; p= 0.023). Figure 1 provides data on serum ferritin levels in women with unexplained intertility and controls.


Table 2 | Iron status.






Figure 1 | Serum ferritin levels in Women with unexplained infertility and controls.



In the whole study population, serum ferritin levels <30µg/L were found in 16 women (22.2%). In order to assess associated parameters, a multivariate binary logistic regression model was performed referring to univariate analyses (Table 3). In the final multivariate model, abnormal TPO-antibodies and/or TG antibodies (OR 13.099, 95%CI 2.382-72.044; p= 0.003) and the presence unexplained infertility (OR 4.906, 95% CI 1.181-20.388; p= 0.029) were independently associated with an increased chance for ferritin levels <30µg/L.


Table 3 | Factors associated with ferritin <30µg/L. Results of a univariate analyses followed by a multivariate binary logistic regression model.



Details of hematologic parameters in females with serum ferritin levels ≥30µg/L and <30µg/L are provided in the Supplementary Table 1. In the latter group, significantly lower median levels of serum hemoglobin levels, corpuscular hemoglobin concentration, mean corpuscular volume, mean corpuscular hemoglobin concentration, whereas serum transferrin was higher (p< 0.05).





Discussion

We provided a detailed evaluation of iron status in females with unexplained infertility in comparison to a healthy control group. We assume that this study is the first to demonstrate an association of female iron deficiency determined as serum ferritin levels <30µg/L with unexplained infertility. This stands in accordance with a study on iron consumption and fertility among North American and Danish pregnancy planners that showed that the iron consumption in sum did not show an association with female infertility, but that there were some hints for a positive association among females having high chances for iron deficiency (17). Of interest, in an animal model with 15 rats with iron-deficiency after low-iron food and a control cohort of 15 rats with normal iron consumption, there was a significantly lower pregnancy rate in the group with the iron-deficiency rats, suggesting an important impact from iron deficiency on unexplained infertility (18). In addition, in a large cohort study, it was shown that females who consumed iron supplements had a significantly lower chance of ovulatory infertility than females who did not consume iron supplements (relative risk 0.60, 95%CI 0.39-0.92) (8). This potential etiology was inherently excluded through definition for our population of women with unexplained infertility, as ovulatory dysfunction had been ruled out. However, all of these results suggest that the effect of female iron status impact on reproductive function starts before pregnancy, over which there is a well know need for a substantial increase in iron consumption (19).

Causes for the link between iron deficiency and sterility remain hypothetical. Though the absolute amounts are small, it should be noted that the developing follicle also has increasing iron demands. Transferrin is expressed and synthesized by granulosa cells themselves and thereby iron metabolism affects follicle maturation and ovulation (9, 20).

In addition, our study demonstrated that increased serological markers for thyroid autoimmunity were also independent predictors for serum ferritin levels <30 µg/L. It is known that patients with autoimmune thyroiditis are often iron-deficient, which is due to the fact that the associated comorbidities autoimmune gastritis and coeliac disease result in decreased iron absorption and iron deprivation. In two-third of females with existent symptoms of hypothyroidism despite adequate levothyroxine treatment, reaching a serum ferritin above 100 µg/L improved symptoms (11, 21).

It is also well known that chronic inflammation has a major impact on iron homeostasis (22). The confounding influences of the acute -phase response make it challenging to interpret most iron indicators in case of acute infection and inflammation (23). Chronic inflammation might be the cause for the increased median serum iron level in the study group (62.5 µg/dL IQR 52.3-85.0 versus 91.0 µg/dL, IQR 65.3-104.0; p= 0.003) as well as the higher median CRP level in the study group (median 1.25 mg/L, IQR, 0.53-2.18) versus 0.40 mg/L, IQR 0.00-1.00; p< 0.001), despite the higher frequency of ferritin levels <30µg/L. Notably, increased ferritin levels during infection and inflammation may also represent an important host defense mechanism. Ferritin plays a major role in immune dysregulation, specifically in case of massive hyperferritinemia, acting directly in an immune suppressive and pro-inflammatory way (24). In contrast, in our study group, women with unexplained infertility revealed a lower transferrin saturation (median 17.3%, IQR 12.7-25.2 versus 23.9%, IQR 15.4-31.6; p= 0.034) and a lower mean corpuscular hemoglobin concentration (median 33.6 g/dL, IQR 33.0-34.1 versus 34.1 g/dL, IQR 33.2-34.7; p= 0.012). In our study cohort of females with serum ferritin <30µg/L, typical alterations of hematologic iron-related parameters were present including lower hemoglobin and mean corpuscular volume levels. However, transferrin saturation did not differ between the groups in a statistical significant manner (Supplementary Table 1). Anemia of inflammation most often presents as normocytic, normochromic anemia linked to decreased transferrin saturation (<20%) but increased serum ferritin levels (25, 26). It might be assumed that a lower transferrin saturation and a lower mean corpuscular hemoglobin concentration in our study group suffering unexplained infertility can be due to a mild chronic inflammation even in absence of anemia.

Despite knowledge of the link between an abnormal iron status and chronic inflammation, data about chronic inflammation and unexplained infertility are scarce. Chronic inflammation, that is usually diagnosed by serum high-sensitivity CRP levels has been linked to unfavorable reproductive results, as reduced fertility, recurrent miscarriage, and recurrent implantation failures after in-vitro-fertilization (IVF) (27, 28). There might be an association of several factors linked to higher serum levels of CRP and infertility, particularly severe overweight, endometriosis or PCOS (29–31). In regard to our study group, only patients with unexplained infertility were included. The higher CRP levels of our study group could therefore not be explained by these factors associated with infertility. The results of a recently published study on 781 couples with unexplained infertility suggest that a chronic inflammatory status could raise the chance of pregnancy loss but may not affect the clinical pregnancy rate in females with unexplained infertility that are under treatment for ovulation induction followed by intrauterine insemination because of unexplained infertility (32). Although moderate inflammation is present in 20-40% of females of reproductive age, assessment of serum CRP levels is not included in routine diagnostic for infertility evaluation so far (32).

Limitations of our study include the lack of a control blood test of serum ferritin levels and pregnancy rates or live birth rates after adequate iron intake. Furthermore, we were not able to obtain data about the ethnicity of our study cohort of infertile females, which might play a role regarding to iron intake as well. Despite, we assume that our sample size is adequate to examine substantial associations between serum ferritin levels and unexplained infertility. It should also be acknowledged that the age of the study participants differed between the two groups. However, when controlled for in the multivariate model, this fact did not appear to be correlated with the decreased ferritin levels (listed in Table 3). Furthermore, we could not provide information about the menstrual volume for participants of both groups which could have demonstrated hypermenorrhea-induced chronic blood loss resulting in iron deficiency.

In conclusion, our study showed an association of unexplained infertility with female serum ferritin levels <30µg/L. It needs to be emphasized that a single cutoff value for serum ferritin cannot be used to finally define iron deficiency, since not all individuals with a ferritin level <30µg/L will have other supportive evidence of iron deficiency. Moreover, evidence suggests some conditions respond to iron treatment despite ferritin levels above 30 (33, 34). Nonetheless, multiple indicators of low iron status were more prevalent in women with unexplained infertility. In addition, positive serum markers for thyroid autoimmunity were predictive markers for ferritin levels <30µg/L. Although the observations presented do not definitively establish a relationship between iron status and fertility, they provide a basis for future investigation. Such studies should clarify whether an assessment of iron status, including markers of inflammation, should be recommended in women with unexplained infertility. It will also be informative to investigate the possibility whether iron deficiency contributes to the effect of autoimmune thyroid disease on female fertility. Whether treatment for low iron status, when identified in this population, will improve fertility, remains speculative.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving human participants were reviewed and approved by Ethics Committee of the Medical University of Vienna, Vienna, Austria. The patients/participants provided their written informed consent to participate in this study.





Author contributions

All authors contributed to conception and design of the study. IH, JO, and JE organized the database. IH, JO, and FH performed the statistical analysis. IH and JO wrote the first draft of the manuscript. All authors contributed to the article and approved the submitted version.





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.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2023.1173100/full#supplementary-material




References

1. Pasricha, SR, Tye-Din, J, Muckenthaler, MU, and Swinkels, DW. Iron deficiency. Lancet (2021) 397(10270):233–48. doi: 10.1016/S0140-6736(20)32594-0

2. Miller, EM. The reproductive ecology of iron in women. Am J Phys Anthropol (2016) 159(Suppl 61):S172–95. doi: 10.1002/ajpa.22907

3. Milman, N, Taylor, CL, Merkel, J, and Brannon, PM. Iron status in pregnant women and women of reproductive age in Europe. Am J Clin Nutr (2017) 106(Suppl 6):1655S–62S. doi: 10.3945/ajcn.117.156000

4. Cook, JD. Adaptation in iron metabolism. Am J Clin Nutr (1990) 51(2):301–8. doi: 10.1093/ajcn/51.2.301

5. Hallberg, L, Hogdahl, AM, Nilsson, L, and Rybo, G. Menstrual blood loss and iron deficiency. Acta Med Scand (1966) 180(5):639–50. doi: 10.1111/j.0954-6820.1966.tb02880.x

6. Gao, J, Zeng, S, Sun, BL, Fan, HM, and Han, LH. Menstrual blood loss and hematologic indices in healthy Chinese women. J Reprod Med (1987) 32(11):822–6.

7. Clancy, KB, Nenko, I, and Jasienska, G. Menstruation does not cause anemia: endometrial thickness correlates positively with erythrocyte count and hemoglobin concentration in premenopausal women. Am J Hum Biol (2006) 18(5):710–3. doi: 10.1002/ajhb.20538

8. Rushton, DH, Ramsay, ID, Gilkes, JJ, and Norris, MJ. Ferritin and fertility. Lancet (1991) 337(8756):1554. doi: 10.1016/0140-6736(91)93255-8

9. Chavarro, JE, Rich-Edwards, JW, Rosner, BA, and Willett, WC. Iron intake and risk of ovulatory infertility. Obstet Gynecol (2006) 108(5):1145–52. doi: 10.1097/01.AOG.0000238333.37423.ab

10. Georgsen, M, Krog, MC, Korsholm, AS, Hvidman, HW, Kolte, AM, Rigas, AS, et al. Serum ferritin level is inversely related to number of previous pregnancy losses in women with recurrent pregnancy loss. Fertil Steril (2021) 115(2):389–96. doi: 10.1016/j.fertnstert.2020.08.1410

11. Rayman, MP. Multiple nutritional factors and thyroid disease, with particular reference to autoimmune thyroid disease. Proc Nutr Soc (2019) 78(1):34–44. doi: 10.1017/S0029665118001192

12. Deroux, A, Dumestre-Perard, C, Dunand-Faure, C, Bouillet, L, and Hoffmann, P. Female infertility and serum auto-antibodies: a systematic review. Clin Rev Allergy Immunol (2017) 53(1):78–86. doi: 10.1007/s12016-016-8586-z

13. Abalovich, M, Mitelberg, L, Allami, C, Gutierrez, S, Alcaraz, G, Otero, P, et al. Subclinical hypothyroidism and thyroid autoimmunity in women with infertility. Gynecol Endocrinol (2007) 23(5):279–83. doi: 10.1080/09513590701259542

14. Quintino-Moro, A, Zantut-Wittmann, DE, Tambascia, M, Machado Hda, C, and Fernandes, A. High prevalence of infertility among women with graves' disease and hashimoto's thyroiditis. Int J Endocrinol (2014) 2014:982705. doi: 10.1155/2014/982705

15. Mol, BW, and Hart, RJ. Unexplained infertility. Semin Reprod Med (2020) 38(1):1–2. doi: 10.1055/s-0040-1721425

16. Baldi, E, Gallagher, MT, Krasnyak, S, Kirkman-Brown, J, Editorial Board Members of the WHOLMftE, and Processing of Human S. Extended semen examinations in the sixth edition of the WHO laboratory manual for the examination and processing of human semen: contributing to the understanding of the function of the male reproductive system. Fertil Steril (2022) 117(2):252–7. doi: 10.1016/j.fertnstert.2021.11.034

17. Hahn, KA, Wesselink, AK, Wise, LA, Mikkelsen, EM, Cueto, HT, Tucker, KL, et al. Iron consumption is not consistently associated with fecundability among north American and Danish pregnancy planners. J Nutr (2019) 149(9):1585–95. doi: 10.1093/jn/nxz094

18. Li, YQ, Cao, XX, Bai, B, Zhang, JN, Wang, MQ, and Zhang, YH. Severe iron deficiency is associated with a reduced conception rate in female rats. Gynecol Obstet Invest (2014) 77(1):19–23. doi: 10.1159/000355112

19. Cao, C, and O'Brien, KO. Pregnancy and iron homeostasis: an update. Nutr Rev (2013) 71(1):35–51. doi: 10.1111/j.1753-4887.2012.00550.x

20. Briggs, DA, Sharp, DJ, Miller, D, and Gosden, RG. Transferrin in the developing ovarian follicle: evidence for de-novo expression by granulosa cells. Mol Hum Reprod (1999) 5(12):1107–14. doi: 10.1093/molehr/5.12.1107

21. Hu, S, and Rayman, MP. Multiple nutritional factors and the risk of hashimoto's thyroiditis. Thyroid (2017) 27(5):597–610. doi: 10.1089/thy.2016.0635

22. Ross, AC. Impact of chronic and acute inflammation on extra- and intracellular iron homeostasis. Am J Clin Nutr (2017) 106(Suppl 6):1581S–7S. doi: 10.3945/ajcn.117.155838

23. Suchdev, PS, Williams, AM, Mei, Z, Flores-Ayala, R, Pasricha, SR, Rogers, LM, et al. Assessment of iron status in settings of inflammation: challenges and potential approaches. Am J Clin Nutr (2017) 106(Suppl 6):1626S–33S. doi: 10.3945/ajcn.117.155937

24. Kernan, KF, and Carcillo, JA. Hyperferritinemia and inflammation. Int Immunol (2017) 29(9):401–9. doi: 10.1093/intimm/dxx031

25. Ganz, T. Iron and infection. Int J Hematol (2018) 107(1):7–15. doi: 10.1007/s12185-017-2366-2

26. Ganz, T. Anemia of inflammation. N Engl J Med (2019) 381(12):1148–57. doi: 10.1056/NEJMra1804281

27. Radin, RG, Sjaarda, LA, Silver, RM, Nobles, CJ, Mumford, SL, Perkins, NJ, et al. C-reactive protein in relation to fecundability and anovulation among eumenorrheic women. Fertil Steril (2018) 109(2):232–9.e1. doi: 10.1016/j.fertnstert.2017.10.025

28. Sjaarda, LA, Radin, RG, Swanson, C, Kuhr, DL, Mumford, SL, Galai, N, et al. Prevalence and contributors to low-grade inflammation in three U.S. populations of reproductive age women. Paediatr Perinat Epidemiol (2018) 32(1):55–67. doi: 10.1111/ppe.12409

29. Ouchi, N, Kihara, S, Funahashi, T, Matsuzawa, Y, and Walsh, K. Obesity, adiponectin and vascular inflammatory disease. Curr Opin Lipidol (2003) 14(6):561–6. doi: 10.1097/00041433-200312000-00003

30. Boulman, N, Levy, Y, Leiba, R, Shachar, S, Linn, R, Zinder, O, et al. Increased c-reactive protein levels in the polycystic ovary syndrome: a marker of cardiovascular disease. J Clin Endocrinol Metab (2004) 89(5):2160–5. doi: 10.1210/jc.2003-031096

31. Vodolazkaia, A, Bossuyt, X, Fassbender, A, Kyama, CM, Meuleman, C, Peeraer, K, et al. A high sensitivity assay is more accurate than a classical assay for the measurement of plasma CRP levels in endometriosis. Reprod Biol Endocrinol (2011) 9:113. doi: 10.1186/1477-7827-9-113

32. Gavrizi, SZ, Arya, S, Peck, JD, Knudtson, JF, Diamond, MP, Wild, RA, et al. High-sensitivity c-reactive protein levels and pregnancy outcomes in women with unexplained infertility after ovarian stimulation with intrauterine insemination in a multicenter trial. F S Rep (2022) 3(1):57–62. doi: 10.1016/j.xfre.2022.01.001

33. Anker, SD, Comin Colet, J, Filippatos, G, Willenheimer, R, Dickstein, K, Drexler, H, et al. Ferric carboxymaltose in patients with heart failure and iron deficiency. N Engl J Med (2009) 361(25):2436–48. doi: 10.1056/NEJMoa0908355

34. Winkelman, JW, Armstrong, MJ, Allen, RP, Chaudhuri, KR, Ondo, W, Trenkwalder, C, et al. Practice guideline summary: treatment of restless legs syndrome in adults: report of the guideline development, dissemination, and implementation subcommittee of the American academy of neurology. Neurology (2016) 87(24):2585–93. doi: 10.1212/WNL.0000000000003388




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.


Copyright © 2023 Holzer, Ott, Beitl, Mayrhofer, Heinzl, Ebenbauer and Parry. 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.


OEBPS/Images/fendo.2023.1173100_cover.jpg
& frontiers | Frontiers in Endocrinology

Iron status in women with infertility and
controls: a case-\control study





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Iron status in women with infertility and controls: a case-control study

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Patient population

          



          		

            Outcome parameters

          



          		

            Sample size calculation

          



          		

            Statistical analysis

          



        



        



        		

          Results

        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
xplained infertility althy volunteers (controls) 7

Erythrocyte count (T/L) * 4.6 (4.34.8) 43 (4.2:4.5) 0.007

Hemoglobin (g/dL) * 13.6 (12.4514.2) 13.1 (12.6;13.6) 0.207

Hematocrit (%) * 40.1 (38.7;41.5) 38.5 (37.7;40.2) 0.056

Mean corpuscular volume (fl) * 88.5 (85.0:90.8) 88.7 (86.4;91.0) 0.585

Mean corpuscular hemoglobin (pg) * 33.6 (33.0;34.1) 34.1 (29.1;31.2) 0.180

Mean corpuscular hemoglobin concentration (g/dL) 33.6 (33.0;34.1) 34.1 (33.2;34.7) 0.012

*

Thrombocyte count (G/L) * 267.0 (224.8;285.0) 242.5 (218.0;287.0) 0.347
I Leucocyte count (G/L) * 6.3 (4.9:7.5) 6.0 (5.0:6.8) 0.673
V Iron (pg/dL) * 62.5 (52.3;85.0) 91.0 (65.3;104.0) V 0.003

Transferrin (mg/dL) * 273.5 (253.0;300.5) 266.0 (241.3;305.3) 0.517

Transferrin saturation (%) * 17.3 (12.7;25.2) 23.9 (15.4;31.6) 0.034

Ferritin (pg/L) * 54.1 (28.0;76.6) 42.9 (32.5:63.6) 0.570

Ferritin <30pg/L * 12 (333) 4 (111) 0.023

C-reactive protein (mg/L) * 1.25 (0.532.18) 0.40 (0.0031.00) <0.001

Data are provided as * median (IQR) for numerical parameters and * n (%) for categorical parameters.
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Univariate analysis Multivariate analysis

Ferritin <30pg/L Ferritin =30 OR (95%Cl) OR (95%Cl) P
(n=16) (n= 56)

Age (years)* 334 (28.036.7) 30.6 (27.6;32.7) 1.143 (0.985:1.326) 0.078 - -
BMI (kg/m’)* 232 (20.4;27.4) 21.9 (20.4;24.8) 1.092 (0.953;1.251) 0.207 - | -
TSH (uIU/mL) 1.7 (13:2.0) 14 (L1;2.1) 1.515 (0.860;2.670) 0.150 - -
Abnormal ‘ 6(37.5) 3(5.4) 10.600 (2.268;49.537) 0.003 13.099 (2.38272.044) 0003
TPO-Ab
and/or TG-Ab *
Prolactin (ng/mL) 17.8 (12.6:22.1) 13.8 (9.4;18.1) 1.091 (0.996;1.195) 0.062 - -
SHBG (nmol/L) 53.9 (40.997.2) 649 (45.581.1) 0.994 (0.979;1.009) 0.426 - -
25-OH vitamin D (nmol/L) 67.3 (48.579.4) 75.0 (61.4;88.6) 0.984 (0.960;1.008) 0.198 - -
Unexplained infertility 12 (75.0) 24 (42.9) 4.000 (1.147;13.951) 0.030 4.906 (1.181;20.388) 0.029
Constant = - - - 0.070 <0.001

not applicable.
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N 36 36 =
Age (years) * 33.0 (29.9;36.2) 284 (27.1;31.1) <0.001
BMI (kg/mz) * 24.0 (20.7;27.4) 21.2 (20.1;22.3) 0.012
Primary infertility * 18 (50.0) - -
Duration of infertility (months) * 24.0 (14.7:48.0) - -
Smoking * 8(222) 4 (11.1) 0.860
I TPO-Ab (IU/mL) * 0(0,9) 4.5 (0;12.8) 0.108
TG-Ab (IU/mL) * 13 (13;22) 14(13;16) 0.090
Abnormal TPO-Ab and/or TG-Ab * 5(13.9) 4(11.1) 1.000
TSH (uIU/mL) * 1.85 (1.13;2.19) 1.33 (1.10;1.79) 0.039
LH (mIU/mL) * 6.8 (5.0:9.1) 6.5 (4.3:8.3) 0457
FSH (mIU/mL) * 6.6 (5.4;8.8) 6.3 (5.4; 7.6) 0.341
Prolactin (ng/mL) * 17.3 (10.9;21.1) 12,5 (8.7;17.2) 0.008
Testosterone (ng/mL) * 0.27 (0.18;0.36) 0.22 (0.12;0.30) 0.124
Androstenedione (ng/mL) * 1.15 (0.83;1.58) 1.02 (0.88;1.29) 0.341
DHEA-S (pg/mL) * 2.17 (1.57;2.73) 228 (2.01;3.14) 0.164
I SHBG (nmol/L) * 53.8 (40.7; 76.0) 70.9 (56.2;97.2) 0.009
AMH (ng/mL) * 2.92 (1.39:4.21) 3.07 (2.27:4.39) 0.287
25-OH vitamin D (nmol/L) * 67.3 (42.7;79.6) 79.2 (63.);88.8) 0.018

Data are provided as * median (IQR) for numerical parameters and * n (%) for categorical parameters.
". " not applicable.





