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Abstract: In the last decade, vitamin D was in the spotlight in many fields of research. 
Despite numerous publications, its influence on reproductive health remains ambiguous. 
This paper presents an up-to-date review of current knowledge concerning the role of 
cholecalciferol in human reproduction. It covers various infertility issues, such as polycystic 
ovary syndrome, endometriosis, myoma-induced infertility, male infertility, premature ovary 
failure and in vitro fertilization techniques. Vitamin D deficiency, defined as serum 
concentration of 25-hydroxycalciferol of less than 50 nmol/L, is commonly noted more 
frequently than only in fertility clinic patients. It is a global trend that is observed in all age 
groups. The results of original publications dated up to 2015 have been summarized and 
discussed in a critical manner. Most experts agree that vitamin D supplementation is a 
necessity, particularly in women suffering from obesity, insulin resistance or small ovarian 
reserve, as well as in men with oligo- and asthenozoospermia if serum concentration should 
fall below 50 nmol/L (normal range up to 125 nmol/L). High concentration of vitamin D and 
its metabolites in decidua during the 1st trimester suggests its important role in the 
implantation process and a local immunological embryo-protection. On the other hand, 
evidence-based research did not prove a significant difference so far in ovulation stimulation 
or embryo development depending on vitamin D level. In one of the publications, it was also 
found that vitamin D binding protein (VDBP) has a molecular similarity to anti-sperm 
antibodies, and another one concluded that both low (<50 nmol/L) and high (>125 nmol/L) 
concentration of vitamin D are associated with decreased number and quality of spermatozoa 
in semen. Vitamin D is definitely not a Trojan Horse in reproductive health, since there were 
no adverse effects reported for vitamin D intake of up to 10,000 IU/day, but to proclaim it 
the Golden Fleece, more evidence is needed.  
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1. Introduction  

The role of vitamin D in fertility treatment has been recently described in some comprehensive  
reports [1,2]. Numerous publications proclaim this particle a panacea for various mental and somatic 
chronic diseases, while other advise caution in prescribing it to some groups of patients. What is the 
role of cholecalciferol in human reproduction? Should its supplementation become a golden standard 
in fertility treatment, or do we still need more evidence on its effect? 

Today we know that, in a healthy woman, vitamin D serum concentration is higher than in patients 
suffering from polycystic ovaries syndrome (PCOS). Vitamin D activity pathways in patients with 
PCOS remain unknown, but cholecalciferol supplementation improves their insulin resistance and the 
effects of infertility treatment. Vitamin D stimulates anti-Müllerian hormone (AMH) production as 
well, which is highly correlated with ovarian reserve preservation. Likewise, in patients with vitamin 
D deficiency, a higher occurrence of uterine myomas is observed—another established reason for 
infertility. Moreover, it was found that a high concentration of calcidiol is related to greater 
endometriosis incidence, which was explained by diminishing elimination of endometrial cells that 
pass to the peritoneal cavity via ovarian reflux. Like females, male low (<50 nmol/L) and high  
(>125 nmol/L) vitamin D serum concentrations decrease not only spermatozoa count but also their 
progressive movement as well as increasing morphology abnormalities. Therefore, a clinician must be 
careful when prescribing vitamin D preparations, especially in male patients. 

Background: Since classical development of medicine in 1920, Vitamin D (cholecalciferol, VD) 
was strongly associated with rickets, after observation that cod liver consumption leads to a regression 
in rickets symptoms [3]. At the verge of the 21st century, rickets was sporadically observed in Europe. 
However, in developing countries, it is still a common problem in the pediatric population [4,5]. 
Currently, researchers are attempting to reveal the non-classical influence of cholecalciferol on health. 
Lower vitamin D levels have been found in many autoimmune diseases, such as rheumatoid arthritis, 
systemic lupus erythematosus, systemic sclerosis, type 1 diabetes mellitus, multiple sclerosis, 
inflammatory bowel diseases, autoimmune thyroid diseases [6,7]. Since 2013, the database of the US 
National Library of Medicine National Institutes of Health (PubMed) has gained 2050 new publications 
about vitamin D and contains 62,427 articles regarding this subject. Research on the role of vitamin D 
in reproduction process modulation seems especially interesting; their conclusions presumably have a 
significant practical meaning in infertility treatment, a serious medical problem affecting up to 53 
million people worldwide [8]. 

For the time being, we know that vitamin D exists in two forms: vitamin D2 (ergocalciferol) and D3 
(cholecalciferol). In animals, D3 is synthesized in the skin from its derivate (7-dehydrocholesterol) in 
the presence of ultraviolet B radiation (UVB), while D2 is made in fungi and yeast. Vitamin D uptake 
in the common diet is of minor significance, although cholecalciferol can be found in sea fish fat and 
liver oil, while ergocalciferol in green plants and mushrooms. In serum, vitamin D is transported by 
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vitamin D-binding protein (VDBP) to the liver and metabolized to an active form of  
25-hydroxycalciferol (25[OH] D) [9]. An optimal level of vitamin D concentration in blood serum 
should range between 50 and 125 nmol/L [10], even though some environmental studies imply that the 
target level should be set much higher—up to 250, or even at 300 nmol/L [11,12]. Its chemical 
structure resembles steroid hormones and it acts likewise via nuclear receptor (VDR, vitamin D 
receptor). In the kidneys, 25[OH] D is decomposed by 1-α-hydroxylase (by CYP27B1) to an active 
form of 1,25-dihydroxyvitamin D [13].  

The effect of vitamin D on ovarian granulosa cells responsible for steroidogenesis, as well as on 
immune system regulation, was established after finding 1-α-hydroxylase and VDR receptors in 
deciduae, placentas, ovaries, endometriums and pituitary glands, and was confirmed in vitro by 
demonstrating active metabolites of vitamin D such as 1,25[OH]2D and 24,25[OH]2D in mentioned 
tissues [14–18]. In male patients, the VDR was found in testicles and spermatozoa. It is known that 
1,25[OH]2D is responsible for increasing intracellular Ca+2 concentration and the activity of acrosine, 
which is accountable for acrosome reactions that are essential for the fertilization process. An active 
form of 1-α-hydroxylase in sperm proves the existence of local synthesis of cholecalciferol and 
strongly suggests its paracrine effect on spermatogenesis as described in Figure 1 [19,20].  

 

Figure 1. The role of vitamin D in the reproductive system (after: Grzechocinska B, 
Dabrowski FA, Cyganek A, Wielgos M. The role of vitamin D in impaired fertility 
treatment [2]). 

2. Methods 

This article presents an up-to-date review of publications describing the function of cholecalciferol 
in reproduction and its place in infertility treatment. Under the key words “vitamin D, fertility”, 129 
articles were found in the PubMed database, for “vitamin D, infertility”, another 106 were located 
(March 15th, 2015). Many of them contradict each other, or are at least incoherent. The results of 
original articles up to 2015 have been summarized and discussed in a critical manner to provide a 
consistent review.  

 
 



Nutrients 2015, 7 4142 
 
3. Discussion 

3.1. Polycystic Ovary Syndrome 

PCOS is the most often diagnosed endocrinological disorder in women in their reproductive period, 
affecting 15%–20% of population, according to the European Society for Human Reproduction  
and Embryology standards [21]. Other commonly used guidelines are Rotterdam and Androgen 
Access Society criteria [22,23]. PCOS is very heterogonous and it is often impossible to determine the  
cause-effect relation between clinical symptoms and biochemical disorders [24]. 

Since our previous review [2], two new original papers have been published, explaining the 
significance of vitamin D in PCOS pathogenesis. They suggest that VD changes AMH production 
patterns in ovarian granulose cells and alters follicle stimulating hormone (FHS) sensitivity, possibly 
playing a role in ovarian follicle development. In healthy controls, 25[OH] D has shown to be 
positively correlated with AMH status, presenting seasonal variance [25]. In the second piece of 
research, VD supplementation was proven to increase serum levels of pro-inflammatory advanced 
glycation end products receptor (sRAGE), a particle binding those glycation end products (AGEs), 
which are known to be one of PCOS triggers (p = 0.03). At the same time, it decreases serum AMH 
levels (p < 0.001), which are often elevated in those women [26]. Obesity, VD accumulation in 
adipose tissue, and sunbathing avoidance due to hirsutism results in 65%–87% rate of VD deficiency 
in PCOS patients [27]. AMH level reduction and an increase of circulating sRAGE after VD3 exerted 
an anti-inflammatory action, which may lead to improved folliculogenesis in PCOS patients.  

VD serum levels are inversely proportional to blood pressure, lipid levels, insulin resistance and 
metabolic syndrome symptoms in PCOS patients [27–30]. Figure 2 shows how VD deficiency, 
together with obesity, may increase insulin resistance and deplete glucose transport through cellular 
walls—VD stimulates insulin receptor expression and insulin secretion [31].  

 

Figure 2. The effects and causes of vitamin D deficiency in women with PCOS (after: 
Grzechocinska B, Dabrowski FA, Cyganek A, Wielgos M. The role of vitamin D in 
impaired fertility treatment. [2]. 

In infertility studies, VD level was described as a predictor for ovulation stimulation success with 
the use of clomiphene citrate (CC). In 91 patients treated due to PCOS, ovulation was found in 57.1%, 
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and pregnancy in 26.9% after using 50mg of CC. An unequivocal positive correlation was stated 
between VD3 level and the development of functional ovarian follicles, percentage of pregnancies, as 
well as proper body mass index (BMI) [28].  

Another study demonstrated that, in obese women, the concentration of VD was considerably lower 
in patients with PCOS, which may prove its role in PCOS development [32]. In the light of provided 
evidence, VD supplementation was incorporated in the schemes of PCOS treatment. 

3.2. Uterine Myomas  

Last year gave us a new insight on VD-related gene polymorphism and the risk of uterine myomas 
(UM). It was earlier observed that lower concentration of VD is typical for women with fibroids  
(44.9 ± 19.2 vs. 51.9 ± 27.7 nmol/L, respectively, p = 0.010) and the risk (OR) of myomas in the VD 
deficiency group is 2.4 (95%; RR 1.2–4.9), (p = 0.16) [33]. It has long been known that African 
Americans are two to three times more prone to myomas than European Americans. This is 
concomitant with observational data showing that mean 25[OH] D concentrations in African 
Americans are near 40 nmol/L compared to about 65 nmol/L for white Americans [34]. A recent study 
on gene polymorphism in 2232 postmenopausal women has proven that two single nucleotide 
polymorphisms are significantly associated with UM. Gene rs12800438 is correlated with higher serum 
25[OH] D levels, and gene rs6058017 - with lighter skin pigmentation [35]. Currently conducted animal 
studies provide data on probable therapeutic use of paricalcitol, a VD3 analog with lower calcemic 
activity, in uterine fibroid treatment [36]. So far, no human studies have been published concerning 
this compound, and ulipristal acetate remains our main weapon against UM. 

3.3. Endometriosis  

A paper published last year, entitled: “1-alpha, 25-dihydroxyvitamin D3 regresses endometriotic 
implants in rats by inhibiting neovascularization and altering regulation of matrix metalloproteinase” 
sets a new direction in VD research [37]. Up to this moment, researchers were focused on 
immunomodulating effect of vitamin D on endometriosis. It was confirmed that abnormally high VD 
concentration causes impaired elimination of endometrium cells passing to the peritoneal cavity via 
ovarian reflux [38]. In the study on 25(OH)D3, 1,25(OH)2D3 and Ca2+ levels, significantly higher 
concentrations of VD3 were confirmed in 87 patients with endometriosis (62.15 ± 36.9 nmol/L vs.  
50.9 ± 29 nmol/L, p = 0.05). If serum concentration exceeded 70.3 nmol/L (75 percentile), the chance 
of endometriosis development was much higher, with OR = 4.8 (1.7–13.5) [39]. The concentration of 
vitamin D and Ca+2 were not dependent on menstrual cycle phase. Those two publications only 
seemingly contradict each other. An increased calcidiol level increases the risk of endometriosis 
occurrence, but in already existing cysts, it is a powerful inhibitor of neovascularization. No matter 
which angle we choose to look at for endometriosis, it is a disease caused by metabolic and biochemical 
imbalance. Therefore, determining VD status of those patients is so important. This complicated 
relationship is well described in some recent review publications [40]. 
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3.4. Premature Ovarian Failure 

Premature ovarian failure, defined as starting the menopausal period before the 40th year of life, 
can also be influenced by VD level. Except for the age factor, anti-Müllerian hormone (AMH) is well 
recognized as the biochemical marker of this syndrome [41]. After physiological fluctuations in 
childhood, AMH is stabilized at the age of eight and later begins to decrease from about the 25th year 
of life up to the beginning of menopause [42]. AMH is produced by ovary granulosa cells irrespective 
of stimulation with gonadotropins, but, as stated above, it may be triggered by VD supplementation. It 
is responsible for the stimulation of primary follicles in the ovaries and their susceptibility to FSH. In 
assisted reproduction, it is widely used as a parameter of ovarian reserve [43]. In a recent study, serum 
levels of vitamin D, steroid hormones, SHBG and ovarian reserve markers were determined in 73  
non-obese, healthy, parous women. In linear regression analysis serum, vitamin D level positively 
correlated with total testosterone (p < 0.001) and free androgen index (p < 0.001). Authors suggest that 
VD may increase fertility through the modulation of androgen activity [44]. The direct effect of 
vitamin D on AMH level and follicle development was also confirmed in a recently published in vitro 
experiment [45]. 

The correlation between VD and AMH was confirmed in a multi-center study in patients over their 
40th years of life. The authors of the study suggest a direct effect of vitamin D on AMH production, 
and thus longer maintenance of ovarian reserve in the patients with its higher concentration [46]. This 
data does not apply to PCOS patients with abnormally elevated AMH levels—as mentioned earlier, in 
this group, VD supplementation results with AMH level normalization [26]. 

3.5. Male Infertility Factor  

Should males visiting infertility clinics be treated with VD preparations? The critical review of the 
available literature does not provide a consistent answer to this question. Recent animal studies proved 
that sperm count, motility, histological structure of testis, and spermatogenesis are more dependent on 
proper serum calcium and phosphorus levels rather than VD status [47]. In mice with VD  
1-α-hydroxylase [1α(OH)ase(−/−)] deletion, serious fertility abnormalities were reversed with diet 
modification without VD supplementation. Authors state that the proliferation of spermatogenic cells 
was decreased with calcium-dependent down regulation of cyclin E and CDK2, and up regulation of 
p53 and p21 expression, which is not a direct effect of active vitamin D deficiency. Similar results have 
been reported in human subjects. According to a study on 300 men, Bloomberg concluded that 
1,25(OH)D3 increased intracellular calcium concentration and sperm motility and induced the acrosome 
reaction in mature spermatozoa. VD serum levels were positively associated with sperm motility [48,49].  

Earlier research suggested the adverse effect of vitamin D on fertility after a discovery of a 
molecular similarity of its transporting protein, the vitamin D binding protein (VDBP), to anti-sperm 
antibodies. Luckily, for the time being the in vitro experiments did not prove cross-reaction of specific 
immunoglobulin with VDBP [50]. 

Fertility cannot be the only concern of a physician consulting male patients. Infertile males with  
oligo-, astheno-, terato- and normospermia present a higher risk of osteoporosis and have lower bone 
mineral density (BMD) proportionally to testosterone and VD concentration (p < 0.01) in comparison 
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with healthy controls at the same age. Significantly lower serum testosterone concentration is 
associated with lower BMD measured densitometrically in the lumbar spine and iliac bone (p < 0.05). 
The worst results were obtained in patients with bioavailable testosterone level below 11.6 nmol/l  
(p < 0.05). A strong, positive correlation between the concentration of VD and sperm motility and 
morphology was also found (p < 0.05). According to the recent studies [47], we can suggest that it was 
not a result of direct VD action, but its role in ion homeostasis [51]. The correlation between 
testosterone and VD has not been observed yet in another study conducted in Denmark on 307 fertile 
men. The lower serum VD level was also related to worse sperm parameters [52].  

Another study describes what we have already learned from the paragraph on endometriosis. 
Ancient rules of aurea mediocritas are applicable once again. A study on hormonal factors in 147 
males, selected from 170 volunteers, homogenous according to age (29 ± 8.5 years), BMI (24.3 ± 3.2) 
and stimulants intake demonstrated an abnormal (both low (<50 nmol/L) and high (>125 nmol/L) 
concentration of VD which negatively affected the sperm count, motility and morphology [53]. 
Dependence of male fertility on VD is depicted in Figure 3.  

3.6. Vitamin D Effect on In Vitro Fertilization 

VD insufficiency has been in the spotlight of in vitro fertilization (IVF) researchers for many years. 
Previously, most investigators wanted to determine the relationship between concentration of calcidiol in 
serum and follicular fluid. In 2010, 84 women were examined during IVF. Serum VD level correlated 
well with its follicular concentration (p = 0.001) and was inversely proportional to BMI of the patients  
(p = 0.04) [54]. As stated in the previous report [2], much higher concentrations of follicular VD were 
found in Caucasians (76.1 ± 32.3 nmol/L) compared to people of African descent (47.1 ± 21.2 nmol/L,  
p = 0.001). Today, we know it is directly associated with rs6058017 gene polymorphism [35]. The VD 
levels in patients with clinical pregnancy (30.95%) were significantly higher (p = 0.01) compared to those 
with early spontaneous abortion. Patients with high initial VD levels (267.8 ± 66.4 nmol/L) had a four  
time better chance (p = 0.02) for successful IVF procedure compared to the group with low VD levels 
(104.3 ± 21 nmol/L) [54].  

In 2012, similar results were obtained from a group of 188 IVF-treated females in a tertiary 
academic center. This time, a significant difference in VD levels was found between Caucasian and 
Asian women (p = 0.001). It is interesting that in the Caucasian population, the chance of achieving 
clinical pregnancy (defined as fetal heartbeat visible in ultrasound at 7–8 weeks of gestation) increased 
with VD serum levels, while in Asians the reverse relationship was demonstrated [55]. After cross 
analysis including the number and quality of transferred embryos, it was shown that the patients with 
proper VD levels have a four time higher chance for a successful procedure.  
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Figure 3. The influence of vitamin D on the activity and the morphology of sperm (after: 
Grzechocinska B, Dabrowski FA, Cyganek A, Wielgos M. The role of vitamin D in 
impaired fertility treatment [2]). 

Until 2014, it remained unknown which element—endometrial or egg quality—is more affected  
by VD deficiency. The answer was finally found in an experiment that involved 99 oocyte  
donor-recipient couples. In this study, VD levels were estimated in donor’s serum before the embryo 
transfer. As a result, adjusted clinical pregnancy rates were lower among VD-deficient recipients  
than among VD-replete recipients (37% vs. 78%). There were no differences among deeply deficient 
(VD < 50nmol/L) and VD insufficient (VD < 75nmol/L) recipients. Final live-birth rates were 31% 
among vitamin D-deficient recipients, compared with 59% among vitamin D-replete recipients. This 
very clever approach gave the authors of these, and of other similar studies from both Europe and the 
USA, reasons to state that their data strongly suggest that the effects of vitamin D may be mediated 
through the endometrium, not the follicle or oocyte [56,57].  

3.7. Why is the Endometrium So Susceptible to VD Levels?  

As described earlier [2], VD has a potent immuno-modulating activity towards lymphocytes T and 
the antigen-presenting cells. VD analog supplementation proved to be effective not only in fertility 
treatment but also in the prevention of type 1 diabetes in non-obese diabetic (NOD) mice and the 
prolongation of survival of syngeneic islets grafts [58].  

High VD serum levels and their derivatives are found in human decidua from the 1st trimester of 
pregnancy, which strongly suggests its contribution in the implantation process and a local 
immunological preference of the embryo. The expression and activity of 1-α-hydroxylase (CYP27B1) 
was evaluated in in vitro experiments on decidua cell cultures collected in the 1st and 3rd trimesters [15]. 
It has been proven that the synthesis of VD is higher in the 1st trimester (41 ± 11.8 fMole/h/mg) 
compared to the 3rd trimester (8 ± 4.4 fMole/h/mg, p < 0.05). Quantitative analysis with RT-PCR 
showed higher gene expression of CYP27B1 in both stromal cells CD10+VE and CD10−VE in the 1st 
trimester of pregnancy. The immunomodulating role of vitamin D was also confirmed by stimulation 
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of NK cells (Natural Killer CD56+ve) isolated from the 1st trimester decidua. After 28 hours of 
incubation with VD2 or VD3, the cells demonstrated lower production of granulocytes and 
macrophages colony stimulating factor, interleukin 6, Tumor Necrosis Factor, and an increase in 
mRNA expression for Cathelicidin Antimicrobial Peptide (CAP), which has a direct antibacterial 
activity [15]. As stated by the authors, the results of their study prove an increased production of active 
form of vitamin D in the first trimester decidua, which modulates reactions in a paracrine manner 
between the mother’s and the embryo’s immune system during the implantation. Disruptions of the 
process of major neovascularization can lead to serious pregnancy complications, including 
preeclampsia (PE) in further gestation. However, a clinical study that included 280 pregnant women 
did not demonstrate correlations between concentrations of VD and PE [59], probably due to its  
multi-causal etiology.  

Some earlier experiments, in which the serum and follicular fluid VD levels were compared with 
the pregnancy rate, did not show the same results. In 22.6% of 221 infertile patients, the VD serum 
concentration was lesser than 25 nmol/L, in 70.1% it was within the range of 25–72.3 nmol/L, while in 
the remaining 7.2% it was higher than 75 nmol/L. The serum and follicular fluid VD levels were in 
significant correlation, with p < 0.0000, but fertilization (43.17%, 53.37%, 58.77%, respectively) and 
implantation percentages (17.33, 15.26, 18.75%, respectively) did not present any significant correlation 
(p > 0.5) [60].  

Do we know how VD levels impact the oocyte quality? Examination for concentration of VD2 and 
glucose of follicular fluid in 101 patients treated with IVF-ICSI method reported poorer quality of 
embryos (p = 0.01) and a lower rate of clinical pregnancies (14.5%) in patients with VD levels 
exceeding 75 nmol/L. In the group with VD concentration between 50 and 75 nmol/L, success rate was 
32.7% and in the VD-deficient group, 32.3% (p = 0.05). In the same study, patients with the highest 
concentrations of VD2 had the lowest glucose concentration in follicular fluid (p = 0.003) [61]. 
Meticulous observation should include seasonal and regional patterns. Seasonal variations in the 
number of pregnancies have already been noted both in spontaneous reproduction and in IVF. In a 
study of 188,075 cases, significant variations of semen characteristics have been observed with a clear 
improvement of sperm morphology in August [62]. The clinic’s geographical location (region) should 
also be analyzed, because the midyear UVB intensity and VD intake in diet are different between 
populations. UVB intensity is a positive predictor of live birth following fresh ET, whereas altitude 
and annualized average regional temperature have an inverse relationship with live birth ratio 
following fresh ET [63]. Complex evaluation of vitamin D activity mechanism on fertility requires 
further studies. Examining large groups of VD-deficient patients should not be a problem—most 
societies are VD-deficient either way. 

Epidemiological studies have shown that VD deficiency increases not only infertility rate but  
also the risk of serious pregnancy complications, such as preeclampsia and preterm birth [64]. This is  
why even during the most physiological pregnancy vitamin D supplementation in the amount of  
800–1000 IU daily is highly recommended [65]. Even though some negative outcomes with U-shaped 
associations were observed, with risks at both low and high levels [66], the recent meta-analysis did not 
find any association with high VD levels and negative health outcomes [67]. The supplementation should 
be continued during the breast feeding period even in larger doses of 6000IU daily in order to avoid 
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deficiency in neonates [68]. During the preparation for pregnancy in VD-deficient females (with serum 
VD 50–125nmol/L), it is advised to supplement vitamin D prior to the first visit in a fertility clinic. This 
simple, inexpensive and safe treatment may prevent the need to use more invasive therapy.  
To consistently raise the blood level of 25(OH)D above 75 nmol/L at least 1500–2000 IU/day VD is  
required [69]. The doses for adults and elderly people of proper body weight, and pregnant and lactating 
women should not exceed 4000 IU daily, and the supplementation dosage recommended for pregnant 
women in winter and less sunny countries is 1500–4000 IU per day (37.5–50.0 μg/day) [10,66,70]. 

4. Conclusions 

Current research on the role of vitamin D in fertility impairments, such as polycystic ovary syndrome, 
uterine fibroids, improper semen parameters and in the case of in vitro treatments and pregnancy failure, 
suggests it plays an important role in human reproduction processes. Vitamin D supplementation is advised 
in infertility therapy in both partners. Couples with serum concentration exceeding 50 nmol/L have a 
higher chance of conception, but this does not regard all patients, where especially males should be 
supplemented with vitamin D from the beginning of the therapy. Administration of vitamin D is 
recommended in the case of considerable deficiency, particularly in obese, insulin resistant women with 
low AMH levels, as well as in men with oligo- and asthenozoospermia.  

Vitamin D is definitely not a Trojan Horse in reproductive health since there were no adverse 
effects reported for vitamin D intake of up to 10,000 IU/d [66], but to proclaim it the Golden Fleece, 
more evidence is still required. 

Acknowledgments 

The authors would like to thank the authorities of First Faculty of Medicine, Medical University of 
Warsaw for creating great environment for scientific research in clinical setting.  

Author contributions  

Filip Dabrowski did database research. Filip Dabrowski and Barbara Grzechocinska analyzed the 
data and wrote the paper. Miroslaw Wielgos designed the paper outline and supervised the work on the 
paper. All authors participated to the analysis and interpretation of the data, revised the manuscript 
critically and approved the final manuscript.  

Conflicts of Interest 

The authors declare no conflict of interest. 

References 

1. Lerchbaum, E.; Rabe, T. Vitamin D and female fertility. Curr. Opin. Obstet. Gynecol. 2014, 26, 
145–150.  

2. Grzechocinska, B.; Dabrowski, F.A.; Cyganek, A.; Wielgos, M. The role of vitamin D in impaired 
fertility treatment. Neuro Endocrinol. Lett. 2013, 34, 756–762. 

 
 



Nutrients 2015, 7 4149 
 
3. Mellanby, E. An experimental investigation of rickets. Lancet 1919, 1, 407–412. 
4. Pettifor, J.M. Calcium and vitamin D metabolism in children in developing countries. Ann. Nutr. 

Metab. 2014, 64, 15–22.  
5. Pettifor, J.M. How should we manage vitamin D deficiency rickets? Indian Pediatr. 2014, 51,  

259–260. 
6. D’Aurizio, F.; Villalta, D.; Metus, P.; Doretto, P.; Tozzoli, R. Is vitamin D a player or not in the 

pathophysiology of autoimmune thyroid diseases? Autoimmun. Rev. 2015, 14, 363–369. 
7. Delvin, E.; Souberbielle, J.C.; Viard, J.P.; Salle, B. Role of vitamin D in acquired immune and 

autoimmune diseases. Crit. Rev. Clin. Lab. Sci. 2014, 51, 232–247.  
8. Mascarenhas, M.N.; Flaxman, S.R.; Boerma, T.; Vanderpoel, S.; Stevens, G.A. National, regional, 

and global trends in infertility prevalence since 1990: A systematic analysis of 277 health surveys. 
PLoS Med. 2012, 9, e1001356. 

9. Prosser, D.E.; Jones, G. Enzymes involved in the activation and inactivation of vitamin D. Trends 
Biochem. Sci. 2004, 29, 664–673. 

10. Rosen, C.J.; Abrams, S.A.; Aloia, J.F.; Brannon, P.M.; Clinton, S.K.; Durazo-Arvizu, R.A.; 
Gallagher, J.C.; Gallo, R.L.; Jones, G.; Kovacs, C.S.; et al. IOM committee members respond to 
Endocrine Society vitamin D guideline. Clin. Endocrinol. Metab. 2012, 97, 1146–1152.  

11. Pludowski, P.; Holick, M.F.; Pilz, S.; Wagner, C.L.; Hollis, B.W.; Grant, W.B.; Shoenfeld, Y.; 
Lerchbaum, E.; Llewellyn, D.J.; Kienreich, K.; Soni, M. Vitamin D effects on musculoskeletal 
health, immunity, autoimmunity, cardiovascular disease, cancer, fertility, pregnancy, dementia 
and mortality-a review of recent evidence. Autoimmun. Rev. 2013, 12, 976–989. 

12. Grant, W.B.; Wimalawansa, S.J.; Holick, M.F.; Cannell, J.J.; Pludowski, P.; Lappe, J.M.;  
Pittaway, M.; May, P. Emphasizing the Health Benefits of Vitamin D for Those with 
Neurodevelopmental Disorders and Intellectual Disabilities. Nutrients 2015, 7, 1538–1564. 

13. Christakos, S.; Dhawan, P.; Benn, B.; Porta, A.; Hediger, M.; Oh, G.T.; Jeung, E.B.; Zhong, Y.; 
Ajibade, D.; Dhawan, K.; Joshi, S. Vitamin D: Molecular mechanism of action. Ann. N. Y. Acad. Sci. 
2007, 1116, 340–348. 

14. Luk, J.; Weisman, Y.; Harell, A.; Edelstein, S.; David, M.; Spirer, Z.; Golander, A. 1 alpha,  
25-Dihydroxyvitamin D3 and 24,25-dihydroxyvitamin D3 in vitro synthesis by human decidua 
and placenta. Nature 1979, 281, 317–319. 

15. Evans, K.; Nguyen, L.; Chan, J.; Innes, B.A.; Bulmer, J.N.; Kilby, M.; Hewison, M. Effects of  
25-Hydroxyvitamin D3 and 1,25-Dihydroxyvitamin D3 on Cytokine Production by Human 
Decidual Cells. Biol. Reprod. 2006, 75, 816–822.  

16. Pérez-Fernandez, R.; Alonso, M.; Segura, C.; Muñoz, I.; García-Caballero, T.; Diguez, C. 
Vitamin D receptor gene expression in human pituitary gland. Life Sci. 1997, 60, 35–42. 

17. Parikh, G.; Varadinova, M.; Suwandhi, P.; Araki, T.; Rosenwaks, Z.; Poretsky, L.; Seto-Young, D. 
Vitamin D regulates steroidogenesis and insulin-like growth factor binding protein-1  
(IGFBP-1) production in human ovarian cells. Horm. Metab. Res. 2010, 42, 754–757.  

18. Torrealday, S.; Neal Perry, G.; Pal, L. Relevance of vitamin D in reproduction. Hum. Reprod. 
2012, 27, 3015–3027. 

 
 

http://www.ncbi.nlm.nih.gov/pubmed/18083936?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/551281?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22824625


Nutrients 2015, 7 4150 
 
19. Aquila, S.; Guido, C.; Middea, E.; Perrotta, I.; Bruno, R.; Pellegrino, M.; Andò, S. Human male 

gamete endocrinology: 1alpha, 25-dihydroxyvitamin D3 (1,25(OH)2D3)regulates different 
aspects of human sperm biology and metabolism. Reprod. Biol. Endocrinol. 2009, 7, 140. 

20. Habib, F.K.; Maddy, S.Q.; Gelly, K.J. Characterisation of receptors for 1,25-dihydroxyvitamin D3 
in the human testis. J. Steroid Biochem. 1990, 35, 195–199. 

21. Sirmans, S.M.; Pate, K.A. Epidemiology, diagnosis, and management of polycystic ovary 
syndrome. Clin. Epidemiol. 2013, 6, 1–13.  

22. Azziz, R.; Carmina, E.; Dewailly, D.; Diamanti-Kandarakis, E.; Escobar-Morreale, H.F.; 
Futterweit, W.; Janssen, O.E.; Legro, R.S.; Norman, R.J.; Taylor, A.E.; et al. Criteria for Defining 
Polycystic Ovary Syndrome as a Predominantly Hyperandrogenic Syndrome: An Androgen 
Excess Society Guideline. J. Clin. Endocrinol. Metab. 2006, 91, 4237–4245. 

23. Ricardo, A. Diagnosis of Polycystic Ovarian Syndrome: The Rotterdam Criteria Are Premature.  
J. Clin. Endocrinol. Metab. 2006, 91, 781–785. 

24. Thomson, R.L.; Spedding, S.; Buckley, J.D. Vitamin D in the aetiology and management of 
polycystic ovary syndrome. Clin. Endocrinol. (Oxf.) 2012, 77, 343–350. 

25. Irani, M.; Minkoff, H.; Seifer, D.B.; Merhi, Z. Vitamin D increases serum levels of the soluble 
receptor for advanced glycation end products in women with PCOS. J. Clin. Endocrinol. Metab. 
2014, 99, E886–E890. 

26. Irani, M.; Merhi, Z. Role of vitamin D in ovarian physiology and its implication in reproduction: 
A systematic review. Fertil. Steril. 2014, 102, 460–468. 

27. Patra, S.K.; Nasrat, H.; Goswami, B.; Jain, A. Vitamin D as a predictor of insulin resistance in 
polycystic ovarian syndrome. Diabetes Metab. Syndr. 2012, 6, 146–149. 

28. Ott, J.; Wattar, L.; Kurz, C.; Seemann, R.; Huber, J.C.; Mayerhofer, K.; Vytiska-Binstorfer, E. 
Parameters for calcium metabolism in women with polycystic ovary syndrome who undergo 
clomiphene citrate stimulation: A prospective cohort study. Eur. J. Endocrinol. 2012, 166, 897–902. 

29. Wehr, E.; Pilz, S.; Schweighofer, N.; Giuliani, A.; Kopera, D.; Pieber, T.R.; Obermayer-Pietsch, 
B. Association of hypovitaminosis D with metabolic disturbances in polycystic ovary syndrome. 
Eur. J. Endocrinol. 2009, 161, 575–582. 

30. Yildizhan, R.; Kurdoglu, M.; Adali, E.; Kolusari, A.; Yildizhan, B.; Sahin, H.G.; Kamaci, M. 
Serum 25-hydroxyvitamin D concentrations in obese and non-obese women with polycystic ovary 
syndrome. Arch. Gynecol. Obstet. 2009, 280, 559–563.  

31. Christakos, S.; Hewison, M.; Gardner, D.G.; Wagner, C.L.; Sergeev, I.N.; Rutten, E.; Pittas, A.G.; 
Boland, R.; Ferrucci, L.; Bikle, D.D. Vitamin D: Beyond bone. Ann. N. Y. Acad. Sci. 2013, 1287, 
45–58.  

32. Nestler, J.E.; Reilly, E.R.; Cheang, K.I.; Bachmann, L.M.; Downs, R.W., Jr. A pilot study: Effects 
of decreasing serum insulin with diazoxide on vitamin D levels in obese women with polycystic 
ovary syndrome. Trans. Am. Clin. Climatol. Assoc. 2012, 123, 209–220. 

33. Paffoni, A.; Somigliana, E.; Vigano, P.; Benaglia, L.; Cardellicchio, L.; Pagliardini, L.;  
Papaleo, E.; Candiani, M.; Fedele, L. Vitamin D status in women with uterine leiomyomas.  
J. Clin. Endocrinol. Metab. 2013, 98, E1374–E1378. 

 
 



Nutrients 2015, 7 4151 
 
34. Ginde, A.A.; Liu, M.C.; Camargo, C.A., Jr. Demographic differences and trends of vitamin D 

insufficiency in the US population, 1988–2004. Arch. Intern. Med. 2009, 169, 626–632. 
35. Wise, L.A.; Ruiz-Narváez, E.A.; Haddad, S.A.; Rosenberg, L.; Palmer, J.R. Polymorphisms in 

vitamin D-related genes and risk of uterine leiomyomata. Fertil. Steril. 2014, 102, 503–510.  
36. Halder, S.K.; Sharan, C.; Al-Hendy, O.; Al-Hendy, A. Paricalcitol, a vitamin d receptor activator, 

inhibits tumor formation in a murine model of uterine fibroids. Reprod. Sci. 2014, 21, 1108–1119. 
37. Yildirim, B.; Guler, T.; Akbulut, M.; Oztekin, O.; Sariiz, G. 1-alpha,25-dihydroxyvitamin D3 

regresses endometriotic implants in rats by inhibiting neovascularization and altering regulation of 
matrix metalloproteinase. Postgrad Med. 2014, 126, 104–110. 

38. Di Rosa, M.; Malaguarnera, G.; De Gregorio, C.; Palumbo, M.; Nunnari, G.; Malaguarnera, L. 
Immuno-modulatory effects of vitamin D3 in human monocyte and macrophages. Cell Immunol. 
2012, 280, 36–43. 

39. Somigliana, E.; Panina-Bordignon, P.; Murone, S.; Di Lucia, P.; Vercellini, P.; Vigano, P. 
Vitamin D reserve is higher in women with endometriosis. Hum. Reprod. 2007, 22, 2273–2278. 

40. Mormile, R.; Vittori, G. Vitamin D intake and endometriosis: The good and the bad. Eur. J. 
Obstet. Gynecol. Reprod. Biol. 2014, 177, 152–153. 

41. Visser, J.A.; Frank, H.J.; Joop, S.; Laven, E.; Axel, P.N. Themmen Anti-Müllerian hormone: A 
new marker for ovarian function. Reproduction 2006, 131, 1–9. 

42. Kelsey, T.W.; Wright, P.; Nelson, S.M.; Anderson, R.A.; Wallace, W.H.B. A validated model of 
serum anti-Müllerian hormone from conception to menopause. PLoS ONE 2011, 6, 
doi:10.1371/journal.pone.0022024. 

43. Seifer, D.B.; Maclaughlin, D.T. Review Mullerian Inhibiting Substance is an ovarian growth 
factor of emerging clinical significance. Fertil. Steril. 2007, 88, 539–546. 

44. Chang, E.M.; Kim, Y.S.; Won, H.J.; Yoon, T.K.; Lee, W.S. Association between sex steroids, 
ovarian reserve, and vitamin D levels in healthy nonobese women. J. Clin. Endocrinol. Metab. 
2014, 99, 2526–2532. 

45. Malloy, P.J.; Peng, L.; Wang, J.; Feldman, D. Interaction of the vitamin D receptor with a vitamin 
D response element in the Mullerian-inhibiting substance (MIS) promoter: Regulation of MIS 
expression by calcitriol in prostate cancer cells. Endocrinology 2009, 150, 1580–1587. 

46. Merhi, Z.O.; Seifer, D.B.; Weedon, J.; Adeyemi, O.; Holman, S.; Anastos, K.; Golub, E.T.;  
Young, M.; Karim, R.; Greenblatt, R.; Minkoff, H. Circulating vitamin D correlates with serum 
antimüllerian hormone levels in late-reproductive-aged women: Women’s InteragencyHIV Study. 
Fertil. Steril. 2012, 98, 228–234. 

47. Sun, W.; Chen, L.; Zhang, W.; Wang, R.; Goltzman, D.; Miao, D. Active vitamin D deficiency 
mediated by extracellular calcium and phosphorus results in male infertility in young mice. Am. J. 
Physiol. Endocrinol. Metab. 2015, 308, E51–E62. 

48. Blomberg Jensen, M.; Bjerrum, P.J.; Jessen, T.E.; Nielsen, J.E.; Joensen, U.N.; Olesen, I.A.; 
Petersen, J.H.; Juul, A.; Dissing, S.; Jørgensen, N. Vitamin D is positively associated with sperm 
motility and increases intracellular calcium in human spermatozoa. Hum. Reprod. 2011, 26,  
1307–1317. 

49. Blomberg Jensen, M. Vitamin D and male reproduction. Nat. Rev. Endocrinol. 2014, 10, 175–186. 

 
 

http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0022024
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0022024


Nutrients 2015, 7 4152 
 
50. Yu, H.M.; Li, X.J.; Kadam, A.L.; Cheng, C.Y.; Koide, S.S. Human testis vitamin D Winding 

protein involved in infertility. Arch. Androl. 1994, 33, 119–128. 
51. Yang, B.; Sun, H.; Wan, Y.; Wang, H.; Qin, W.; Yang, L.; Zhao, H.; Yuan, J.; Yao, B. 

Associations between testosterone, bone mineral density, vitamin D and semen quality in fertile 
and infertile Chinese men. Int. J. Androl. 2012, 35, 783–792. 

52. Ramlau-Hansen, C.H.; Moeller, U.K.; Bonde, J.P.; Olsen, J.; Thulstrup, A.M. Are serum levels of 
vitamin D associated with semen quality? Results from a cross-sectional study in young healthy 
men. Fertil. Steril. 2011, 95, 1000–1004. 

53. Hammoud, A.O.; Meikle, A.W.; Peterson, C.M.; Stanford, J.; Gibson, M.; Carrell, D.T. 
Association of 25-hydroxy-vitamin D levels with semen and hormonal parameters. Asian J. 
Androl. 2012, 14, 855–859. 

54. Ozkan, S.; Jindal, S.; Greenseid, K.; Shu, J.; Zeitlian, G.; Hickmon, C.; Pal, L. Replete vitamin D 
stores predict reproductive success following in vitro fertilization. Fertil. Steril. 2010, 94, 1314–1349. 

55. Rudick, B.; Ingles, S.; Chung, K.; Stanczyk, F.; Paulson, R.; Bendikson, K. Characterizing the 
influence of vitamin D levels on IVF outcomes. Hum. Reprod. 2012, 27, 3321–3327.  

56. Rudick, B.J.; Ingles, S.A.; Chung, K.; Stanczyk, F.Z.; Paulson, R.J.; Bendikson, K.A. Influence of 
vitamin D levels on in vitro fertilization outcomes in donor-recipient cycles. Fertil. Steril. 2014, 
101, 447–452. 

57. Fabris, A.; Pacheco, A.; Cruz, M.; Puente, J.M.; Fatemi, H.; Garcia-Velasco, J.A. Impact of 
circulating levels of total and bioavailable serum vitamin D on pregnancy rate in egg donation 
recipients. Fertil. Steril. 2014, 102, 1608–1612. 

58. Van Etten, E.; Decallonne, B.; Verlinden, L.; Verstuyf, A.; Bouillon, R.; Mathieu, C. Analogs of 
1alpha,25-dihydroxyvitamin D3 as pluripotent immunomodulators. J. Cell Biochem. 2003, 88,  
223–226. 

59. Bomba-Opon, D.; Brawura-Biskupski-Samaha, R.; Kozlowski, S.; Kosinski, P.; Bartoszewicz, Z.; 
Bednarczuk, T.; Wielgos, M. First trimester maternal serum vitamin D and markers of preeclampsia. J. 
Matern. Fetal Neonatal. Med. 2013. [Epub ahead of print] PubMed PMID: 24050181. 

60. Firouzabadi, R.D.; Rahmani, E.; Rahsepar, M.; Firouzabadi, M.M. Value of follicular fluid 
vitamin D in predicting the pregnancy rate in an IVF program. Arch. Gynecol. Obstet. 2014, 289, 
201–206. 

61. Anifandis, G.M.; Dafopoulos, K.; Messini, C.I.; Chalvatzas, N.; Liakos, N.; Pournaras, S.;  
Messinis, I.E. Prognostic value of follicular fluid 25-OH vitamin D and glucose levels in the IVF 
outcome. Reprod. Biol. Endocrinol. 2010, 8, 91. 

62. Zerah, S.; de Mouzon, J.; Pfeffer, J.; Taar, J.P. Seasonal variation in sperm characteristics. 
Contracept Fertil Sex. 1997, 25, 519–523. (in French). 

63. Pal, L.; Kidwai, N.; Kayani, J.; Grant, W.B. Donor egg IVF model to assess ecological 
implications for ART success. J. Assist. Reprod. Genet. 2014, 31, 1453–1460. 

64. Bodnar, L.M.; Catov, J.M.; Simhan, H.N.; Holick, M.F.; Powers, R.W.; Roberts, J.M. Maternal 
vitamin D deficiency increases the risk of preeclampsia. J. Clin. Endocrinol. Metab. 2007, 92, 
3517–3522. 

 
 



Nutrients 2015, 7 4153 
 
65. Poreba, R.; Drews, K.; Karowicz-Bilińska, A.; Oszukowski, P.; Pawelczyk, L.; Radowicki, S.; 

Spaczyński, M.; Szczapa, J.; Zespołu Ekspertów Polskiego Towarzystwa Ginekologicznego. 
Expert review of Polish Gynecological Society regarding micronutrient supplementation in 
pregnancy. Ginekol. Pol. 2011, 82, 550–553. 

66. Ross, A.C.; Manson, J.E.; Abrams, S.A.; Aloia, J.F.; Brannon, P.M.; Clinton, S.K.;  
Durazo-Arvizu, R.A.; Gallagher, J.C.; Gallo, R.L.; Jones, G.; et al. The 2011 report on dietary 
reference intakes for calcium and vitamin D from the Institute of Medicine: What clinicians need 
to know. J. Clin. Endocrinol. Metab. 2011, 96, 53–58. 

67. Garland, C.F.; Kim, J.J.; Mohr, S.B.; Gorham, E.D.; Grant, W.B.; Giovannucci, E.L.; Baggerly, 
L.; Hofflich, H.; Ramsdell, J.W.; Zeng, K.; Heaney, R.P. Meta-analysis of all-cause mortality 
according to serum 25-hydroxyvitamin D. Am. J. Public Health. 2014, 104, e43–e50. 

68. Wagner, C.L.; Hulsey, T.C.; Fanning, D.; Ebeling, M.; Hollis, B.W. High-dose vitamin D3 
supplementation in a cohort of breastfeeding mothers and their infants: A 6-month follow-up pilot 
study. Breastfeed. Med. 2006, 1, 59–70. 

69. Holick, M.F.; Binkley, N.C.; Bischoff-Ferrari, H.A.; Gordon, C.M.; Hanley, D.A.; Heaney, R.P.; 
Murad, M.H.; Weaver, C.M. Endocrine Society. Evaluation, treatment, and prevention of vitamin 
D deficiency: An Endocrine Society clinical practice guideline. J. Clin. Endocrinol. Metab. 2011, 
96, 1911–1130. doi: 10.1210/jc.2011-0385.  

70. Płudowski, P.; Karczmarkiewicz, E.; Bayer, M.; Carter, G.; Chlebna-Sokół, D.; Czech-Kowalska, J.; 
Dębski, R.; Decsi, T.; Dobrzańska, A.; Franek, E.; et al. Practical guidelines for the 
supplementation of vitamin D and the treatment of deficits in Central Europe – recommended 
vitamin D intakes in general population and group at risk of vitamin D deficiency. Endokrynol. 
Pol. 2013, 64, 319–327.  

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.org/licenses/by/4.0/). 

 
 


	1. Introduction
	2. Methods
	3. Discussion
	3.1. Polycystic Ovary Syndrome
	3.2. Uterine Myomas
	3.3. Endometriosis
	3.4. Premature Ovarian Failure
	3.5. Male Infertility Factor
	3.6. Vitamin D Effect on In Vitro Fertilization
	3.7. Why is the Endometrium So Susceptible to VD Levels?

	4. Conclusions
	Acknowledgments
	Author contributions
	Conflicts of Interest
	References

