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Vitamin D and female reproductive health
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The conventional mechanism of vitamin D bioactivity involves
its impact on calcium–phosphate metabolism. Homeostasis in
the levels of these two elements warrants undisturbed func-
tioning of the nervous system and normal mineral bone
density. Results of numerous investigations have confirmed
that vitamin D affects reproductive processes in both males
and females. The fact that the number of pregnancies, also
those after IVF, is strictly correlated with a season of the year
supports this claim. Also, high-latitude countries are charac-
terized by lower ovulation parameters and higher incidence
of endometriosis. Moreover, the concentration of calcitriol
impacts the clinical course of polycystic ovary syndrome and
the development of gestational diseases, i.e. gestational dia-
betes mellitus or pre-eclampsia. Moreover, an appropriate level
of vitamin D has an influence of the regulation of the respi-
ratory system: regular cycles and oocyte maturation. By re-
inforcing the action of gonadotropin, a hormone that regu-
lates ovarian function, vitamin D3 has a direct effect on
enhancing fertility.
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INTRODUCTION
Vitamin D has undoubtedly become the most
“trendy” vitamin of the past decade. Is this
rightly so? Its action and effects of deficiency
raise more and more scientific interest. Numer-
ous studies suggest that this deficiency affects
bones, but can also constitute a significant fac-
tor in the development of infections, autoim-
mune cardiac diseases, neurological and men-
tal conditions, and cancer. More and more
reports are appearing concerning substantial
importance of vitamin D in male and female
reproductive health.

Vitamin D is a group of organic compounds
whose precursors are cholecalciferol (vitamin
D3) in animals and ergocalciferol in plants and
fungi (vitamin D2). Provitamin D3 (7-dehydro-
cholesterol) is present in epidermal keratinoc-
ytes and dermal fibroblasts [1]. Provitamin D3
undergoes photochemical reactions under ultra-
violet B radiation, the product of which is
cholecalciferol [2]. It has been determined that
the intensity of this process depends on geo-
graphical latitude, duration and degree of radi-
ation exposure, time of the day and year, ex-
posed body area, race and type of complexion
as well as the level of air pollution and the
degree of cloud cover [3,4]. Moreover, anthro-
pometric parameters, such as body weight or
the amount of fat tissue, are also significant.
Leptin, produced in the adipose tissue, may
contribute to a decrease in the intensity of
vitamin D transformation to its biologically
active metabolites [5,6].

The biological activity of vitamin D begins
with its double hydroxylation in the liver and
kidneys. Cholecalciferol and ergocalciferol are
transported to the liver where they undergo the
first reaction to bind hydroxyl groups. This
leads to the production of 25-hydroxycholecal-
ciferol (25(OH)D3, calcidiol). 25-hydroxylase
dependent upon cytochrome P450 (CYP27A1)
is a catalyst of this process. The intensity of the
reaction also depends on the vitamin D intake
in diet and with therapeutic agents, thus being



25

M. Paliga et al. – Vitamin D and female reproductive health

a biochemical marker of vitamin D requirement.
The biological activity of calcidiol is still low,
i.e. approximately 1.5 times higher than that of
cholecalciferol [7–9]. The final activity is con-
ferred through renal hydroxylation stimulated
by calcium and phosphate concentrations, and
thus by parathyroid hormone and CYP27B1
[10]. The reaction is inhibited by hydroxylation
products. One of them, 1á,25 dihydroxychole-
calciferol (1α,25(OH)2D3, calcitriol), exerts
biological activity that is almost a thousand
times higher than that of calcidiol with a short
half-life (4–6 hours) [11–14].

The biological activity of calcitriol directly
results from the interaction of this compound
with nuclear vitamin D receptors (VDRs) and
retonoid X receptors (RXRs). In the receptor
mechanism, vitamin D also regulates the expres-
sion of numerous (over 200) genes, the prod-
ucts of which are responsible essentially for
calcium and phosphate regulation. These in-
clude osteopontin, calcium-binding proteins,
such as calbindin or vanilloid receptor, which
is a channel that removes calcium from cells,
osteoblastogenesis-promoting lipoprotein recep-
tor-related protein 5 and receptor activator for
nuclear factor κ B ligand that has a positive
influence on bone resorption through osteoclas-
togenesis [15]. Moreover, the process of 1α-
hydroxylation occurs not only in the kidneys,
but also in macrophages, keratinocytes, placen-
ta, parathyroid glands, vascular smooth muscle
or cancer cells. Vitamin D receptors are distrib-
uted also beyond the target tissues. This makes
vitamin D affect various physiological process-
es in the human body [2,11,13,14,16–19]. It has
been proven that calcitriol is a cell proliferation
mediator and immune response modulator [20].
The results of various studies have confirmed
that vitamin D deficiency, which is encountered
especially in people living farther from the
equator, is associated with higher incidence of
autoimmune conditions, cancers and cardiovas-
cular diseases [21–23].

Serum 25(OH)D levels should range from
30 to 40 ng/mL, which is optimal. The concen-
tration below 20 ng/mL signifies a deficiency,
while levels below 10 ng/mL indicate substan-
tial vitamin D deficiency [24].

MULTIDIRECTIONAL VITAMIN D
ACTION
The conventional mechanism of vitamin D
bioactivity involves its impact on calcium–phos-
phate metabolism. Homeostasis in the levels of

these two elements warrants undisturbed func-
tioning of the nervous system and normal
mineral bone density. Vitamin D is essential for
calcium absorption in the bowel and for oste-
oclast stimulation. It also mobilizes bone calci-
um when the dietary intake of this element is
insufficient. Furthermore, it has positive effects
on calcium reabsorption in the kidneys, bone
calcium mobilization and calcitriol synthesis,
and negative effects on phosphate reabsorption
[12,25–29].

Vitamin D has an influence on proliferation
and differentiation of immune cells and on
endothelial function [30]. VDRs are present on
activated T and B cells, neutrophils, macrophag-
es and dendritic cells [11]. The expression of
the cytochrome p450 gene, CYP27B1, has been
confirmed on monocytes and macrophages [20].
It has also been proven that the activity of the
enzyme that it encodes is not dependent on
calcium, but on an inflammatory response-trig-
gering stimulus [31].

In vitro studies have revealed that vitamin D
inhibits cytokine Th1 production, but promotes
Th2 cytokine synthesis. Additionally, calcitriol
limits the expression of the gene that encodes
interleukin-17, which is produced by these cells.
As Hewinson states [32], vitamin D directly acts
on B cells, having an inhibitory effects on plas-
ma cells, immunoglobulin class switching and
differentiation into memory cells. On the oth-
er hand, there is a positive relationship between
vitamin D levels and the number and activity of
TREG cells that restrict excessive inflammato-
ry responses in patients with renal disease and
multiple sclerosis [32]. Hypovitaminosis D is
also associated with the risk of other autoim-
mune diseases, such as type 1 diabetes mellitus,
rheumatoid arthritis or primary sclerosing
cholangitis [33]. The literature also contains
reports corroborating the contribution of vita-
min D to the shaping of innate immunity,
mainly by acting through toll-like receptors
(TLR). It has been shown that vitamin D stim-
ulates TLR2 of monocytes, thereby leading to
interleukin-15 production, CYP27B1 induction,
vitamin D receptor expression and transcription
of the LL37 gene that encodes antibacterial
protein [34].

FEMALE RESPIRATORY SYSTEM
In the 1980s, it was noticed that vitamin D
deficiency in female animals reduces fertility and
restricts desired mating behaviors [35]. Also,
women at risk of hypovitaminosis D have few-
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er children, and the risk of ovulation disorders
and endometriosis increases [36]. Vitamin D
receptors are found in tissues composing female
reproductive structures. It has been confirmed
that VDRs are present in ovaries (granulosa cells
of the cumulus oophorus), endometrium and
tubal epithelial cells, and their expression in-
creases during pregnancy [37–40]. VDRs have
also been found in the pituitary gland [30].
VDR gene knockout mice displayed hyperg-
onadotropic hypogonadism, ovulation disor-
ders and uterine hypoplasia [38]. Similar ob-
servations have been derived from studies on
CYP27B1 -/- animal models [41]. In both cas-
es, changes were partially reversible upon im-
plementation of diet that secured calcium and
phosphorus ions, thus restoring the function of
the hypothalamic–pituitary–gonadal axis. Wo-
jtusik and Johnson [42] recount that calciferol
stimulates the production of steroid hormones
(progesterone, estradiol and estrone) in the
ovary. As in the male reproductive system, this
is linked with the effects of vitamin D on ar-
omatase activity and intracellular calcium con-
centration [43]. At the same time, experimen-
tal studies have demonstrated that vitamin D
induces, via the receptor mechanism, the tran-
scription of dehydroepiandrosterone sulpho-
transferase (DHEAS), an enzyme that partici-
pates in the conjugation of endogenous hy-
droxysteroids with sulfuric acid, which results
in DHEAS formation [44].

Both VDR and CYP27B1 activity has been
observed in vitro in syncytiotrophoblast tis-
sue cultures [45]. It has been shown that
1,25(OH)2D3, through its immunosuppressive
properties, co-participates in the formation and
maintenance of the fetal–placental unit. Vitamin
D regulates HOXA10 expression, the product
of which is critical for the development of the
uterus and endometrium as well as further
implantation processes [46]. It has also been
noticed that pregnancy is dominated by the
regulatory action of vitamin D on lactogen
synthesis in the placenta, production and release
of human chorionic gonadotropin, placental
calcium ion transport and endometrial decidu-
alization [47]. In studies conducted in the group
of women undergoing IVF, it has been demon-
strated that the serum calcitriol level is strong-
ly correlated with the estradiol concentration
during ovarian stimulation [48]. Similar vitamin
D levels in the follicular fluid, particularly low
and moderate (20 and 21–30 ng/mL, respective-
ly), may be markers of IVF success.

CLINICAL IMPLICATIONS OF
VITAMIN D METABOLISM DISOR-
DERS IN THE FEMALE REPRO-
DUCTIVE SYSTEM
Vitamin D shows pleiotropic effects in the
human body. Also, its impact on the reproduc-
tive system is unquestionable. The results of
various studies have shown that calcitriol me-
tabolism disorders are involved in the etiopatho-
genesis and clinical course of gynecologic and
obstetric conditions [49].

ENDOMETRIOSIS
Endometriosis is one of the main endocrine
diseases. It affects up to 10% of women of child-
bearing age. The inflammatory factor is thought
to play the main role in this condition [36].
Indeed, immune system dysfunction associated
with a defect in the detection and elimination
of fragments of the endometrium beyond the
peritoneal cavity is one of the etiopathogenic
factors of the disease [50]. The literature states
that vitamin D may exert anti-inflammatory
action by being a mediator of immune process-
es in the presence of nuclear factor-?? or mi-
togen-activated protein kinase (MAPK), thus
inhibiting the production of proinflammatory
cytokines. In activated CD4+ and CD8+ cells
as well as macrophages and dendritic cells,
VDRs and vitamin D-activating and -metaboliz-
ing hydroxylases become active [51]. Addition-
ally, as presented earlier, vitamin D receptors
and 1á-hydroxylase are produced in endome-
trial cells [3,41,52]. Other authors believe that
an abnormal vitamin D level in women with
endometriosis has a negative effect on genome
methylation and transcription repression [53].

The team of Agic et al. [38] demonstrated
that women with endometriosis had enhanced
(as compared with healthy women) activity of
VDRs and vitamin D hydroxylase in the en-
dometrium, even though the numbers of pro-
duced proteins showed no significant differenc-
es on the cellular level. Somigliana et al. [54]
carried out a study involving 87 patients with
endometriosis and 53 healthy women, and
concluded that high vitamin D levels reduce the
risk of the disease significantly. Besides, it was
found that the 25(OH)D concentration increas-
es with the advancement of the pathologic
process. Vigano et al. [52] observed VDR and
1α-hydroxylase activity in both orthotopic and
ectopic endometrium, and showed that the
quantity of mRNA for the hydroxylating en-
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zyme was significantly higher in patients with
endometriosis. Harris et al. [55] reported that
serum vitamin D levels above the highest quin-
tile were linked with a 24% lower risk of en-
dometriosis as compared with women display-
ing vitamin D levels in the lowest quintile.
Faserl et al. [56] stated that the amount of
vitamin D-binding protein (VDBP) more or less
tripled in patients compared with healthy vol-
unteers. Borkowski et al. [57] found that the
total VDBP concentration in the serum and
peritoneal fluid was not significantly different
between patients and healthy women. Howev-
er, the serum protein level was higher in wom-
en with more advanced forms of endometrio-
sis. Ferrero et al. [58] determined that the
concentration of protein E was higher in the
peritoneal fluid of women with untreated en-
dometriosis compared with healthy individuals.
The scientists have also found that VDBP activ-
ity is independent of disease advancement and
stage of the menstrual cycle. Moreover, there
are studies that illustrate the effects of changes
in genes coding vitamin D signaling pathway
proteins on endometriosis. Vilarino et al. [59]
recruited 132 women with infertility due to
endometriosis, 62 patients with idiopathic in-
fertility and 132 healthy women. The aim of
their study was to assess the frequency of VDR
Fok1 polymorphism. The authors did not note
any significant changes in the distribution of this
alteration. In the study already quoted above,
Faserl et al. [56] showed that VDBP GC*2 poly-
morphism was more common in patients with
endometriosis. This may be a consequence of
the fact that carriers of this alteration are char-
acterized by insufficient activity of the macro-
phage phagocytic function. Szczepańska et al.
[60] evaluated the prevalence of the following
polymorphisms in patients with endometriosis:
VDBG rs1155563, rs2298849 and rs7041;
RXRA rs10881578, rs10776909 irs749759;
VDR BsmI rs1544410 and FokI rs2228570.
They did not note any significant links between
the carrier status of these changes and endome-
triosis, but found that the A-T haplotype of
VDR rs1544410 and rs222857 was associated
with over 1.6 times greater probability of en-
dometriosis-associated infertility.

POLYCYSTIC OVARY SYNDROME
The results of various studies suggest that vita-
min D may be involved in the etiopathogenesis
and clinical course of PCOS. Although a study
of Chavarro et al. [61], conducted among

18,555 married perimenopausal women who
tried to get pregnant or were pregnant in the
8 years preceding the study, showed no asso-
ciation between exogenous vitamin D and in-
fertility due to ovulation disorders, medical
literature does include a list of examples link-
ing vitamin D with the metabolic determinant
of PCOS. Vitamin D is involved in autocrine
insulin secretion, thereby playing a role in the
pathogenesis of metabolic disturbances. These
observations are valid both for women without
gynecologic diseases and for PCOS patients.
Moreover, there are studies that support the
beneficial action of vitamin D on insulin recep-
tor expression and thus on intensification of
insulin response [62]. Wehr et al. [63] observed
that exogenous vitamin D3 intake at a dose of
50,000 IU weekly for 24 weeks improved car-
bohydrate metabolism parameters and the
course of the menstrual cycle.

UTERINE MYOMAS
Women with vitamin D levels in normal rang-
es are less prone to developing myomas. Ani-
mal studies have revealed that vitamin D3 re-
duces the size of uterine myomas by decreasing
MMP expression [64, 65].

GESTATIONAL DIABETES MELLITUS
As has been mentioned above, vitamin D plays
a role in the pathogenesis of type II diabetes
mellitus. 1,25(OH)2D induces insulin secretion
and decreases the degree of insulin resistance
[66]. Maghbooli et al. [67] investigated 741
pregnant women and observed critically low
vitamin D levels (<5 ng/mL) in women with
GDM. The team demonstrated the existence of
a strong negative correlation between serum
vitamin D concentration and the HOMA index.
Zhang et al. [68] also observed vitamin D
deficiency in 1/3 of the studied GDM patients.
They concluded that a decrease in the serum
25(OH)D level by each 5 ng/mL raises the risk
of GDM by nearly 30%. Zuhur et al. [68] con-
firmed that vitamin D deficiencies are significant-
ly linked with GDM, irrespective of the moth-
er’s age, race, positive history for diabetes and
body mass index from before pregnancy.

PRE-ECLAMPSIA
Pre-eclampsia (PE) is a multiple organ disease
manifested by hypertension and proteinuria
after week 20 of gestation. PE concerns approx-
imately 7% of pregnant women worldwide
[69]. Vitamin D deficiency is a common find-
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ing in pre-eclampsia patients. Its deficiencies
have been confirmed in both the preconception
period and during pregnancy, but less frequent-
ly in the sunny months. It has been found that
vitamin D levels that are lower than 20 ng/mL
double the risk of pre-eclampsia. Moreover, in
the second half of pregnancy, there is a linear
association between the disease and vitamin D
concentration. According to Bodnar et al. [70],
a low 25(OH)D concentration before week 22
of gestation is an evident risk factor for PE.
Zehnder et al. [71] believe that intensive VDR
and 1α-hydroxylase expression in the placenta
can be observed especially in the first and sec-
ond trimesters of pregnancy, and consequently
hypovitaminosis D may play a role in the eti-
opathogenesis of preeclampsia of early onset.
Exogenous vitamin D has a positive impact on
the risk of PE. It has also been observed that
intervention in women maintaining a diet to
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