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review paper
Summary

Introduction: Vitamin D has crucial biological activity and antioxidative function involved in human reproduction. Lots of
infertility patients worldwide have their children through assisted reproductive technology. Beside endogenous synthesis, it is
possible and important to supplement vitamin D with diet. Vitamin D insufficiency is strongly connected with severe diseases,
cancers, infertility. Studies have reported vitamin D insufficiency in up to 75% of women with diagnosed breast cancer and
improvements in survival after diagnosis in women with higher level of vitamin D.

Aim: The purpose of this narrative review was to elucidate the role of vitamin D in assisted reproductive technology (ART)
procedures, prevention and reduction of breast cancer incidence providing current evidence from human studies.

Materials and methods: The Medline database was searched using keywords vitamin D, breast cancer; fertility, supplementation,
in vitro fertilization. The search was made as of April 10, 2023.

Results and discussion: Majority of papers analysed show that vitamin D is important in achieving good quality embryos in
procedures of medically assisted reproduction and through effects that are noticeable in endometrium vitamin D supplementation
facilitates successful implantation of embryos. Research also shows that there is some elevated risk in developing breast cancer
after those procedures, but some papers also show that there is no notable risk, so the results are inconclusive. We found that
there is a general agreement that normal serum concentrations of vitamin D acts oncoprotective against breast cancer and may
facilitate treatment on already developed cancer.

Conclusion: For women with elevated risk for breast cancer, supplementation with vitamin D after medically assisted

reproduction seem to have protective effect.
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Introduction

Worldwide, infertility affects 123 million women,
therefore medically assisted reproductive technology
represent important mean to improve fertility rates
globally. In vitro fertilization with embryo transfer at
the end of the procedure is one of the most effective
techniques for treating infertility (Tian et al., 2022).
Vitamin D is fat-soluble secosteroid which has pivotal
role in increasing intestinal absorption of calcium,
magnesium and phosphate. Vitamin D is synthesized
in the skin from 7-dehydrocholesterol, metabolized
within the body to the form 1,25(OH),Ds; and
transported by vitamin D-binding protein into the
blood (Lagana et al., 2017). The 7-dehydrocholesterol
that is produced from cholesterol and stored under the
skin, can be converted into vitamin D3 after being
exposed to ultraviolet radiation (Wang et al., 2021).
Parathyroid hormone, FGF23, calcium and phosphate
are the major regulators of the renal 1-hydroxylase
(the enzyme producing 1,25(OH)2D), the major
enzyme that catabolizes 25(OH)D and 1,25(OH)2D is
the 24-hydroxylase (Bikle, 2017). Most actions of
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1,25(OH)2D are mediated by the vitamin D receptor
(VDR) which is a transcription factor that is coupled
with retinoid X receptor that when bound to
1,25(OH)2D regulates gene transcription either
positively or negatively (Bikle, 2017). Vitamin D
receptor is found in most cells in human body (Bikle,
2017). Along with endogenous synthesis, it is possible
and important, in case of insufficiency, to supplement
vitamin D with diet. Main sources of vitamin D3
(cholecalciferol) are sea fish fat and cod liver oil, and
sources of vitamin D2 (ergocalciferol) are plants and
mushrooms (Lagana et al., 2017). The World Health
Organization (WHO) defined ‘vitamin D insufficiency’
as serum level of 25OHD below 20 ng/ml (50 nmol/L)
(Skowronska et al., 2016). Fat-soluble vitamins have
crucial biological activity, antioxidative function
involved in, for example, human reproduction. There
are association between levels of fat-soluble vitamin
in follicular fluid, quality of oocytes and consequently
embryo development (Skowronska et al., 2020).
Vitamin D plays an important role in maintaining the
normal development of the uterus and ovaries,
25(0OH)D levels have a significant impact on the
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fertility, which suggest that 25(OH)D may affect the
fertility of patients with infertility (Tian et al., 2022).
Paffoni et al. (2014) concluded that vitamin D
insufficiency negatively affects clinical pregnancy
rate in women undergoing in vitro fertilization (/VF)
procedure. In male infertility, insufficiency or high
level of vitamin D in serum have negative impact on
spermatozoa number, their progressive motility and
sperm morphology (Nikolac Gabaj et al., 2020).
Vitamin D insufficiency is strongly connected with
severe diseases pointing out cancers and pregnancy
complications including infertility. Studies have
reported vitamin D insufficiency in up to 75% of
women with diagnosed breast cancer and
improvements in survival after diagnosis in women
with higher level of vitamin D. It affects approx. 200
genes connected with cellular proliferation, apoptosis

and terminal differentiation of normal and cancer cells.

Vitamin D receptors have been found in up to 80% of
breast cancers (Hines et al., 2010).

The purpose of this review was to elucidate the role of
vitamin D in assisted reproductive technology
procedures, prevention and reduction of breast cancer
incidence providing current evidence from human
studies.

Materials and methods

The Medline database was searched using keywords
vitamin D, breast cancer, fertility, supplementation, in
vitro fertilization. The search was made up to April 20,
2023. After the extraction of all papers, they were
compared to each other for duplicates and related
studies, so two authors separately analysed the
inclusion of studies according to the set criteria. We
analysed 18 papers that included 14 reviews, 2 clinical
trials and 2 randomized controlled trials. Results are
shown in form of narrative review.

Results and discussion
Role of vitamin D in medically assisted reproduction

Vitamin supplementation is present worldwide as a
form of preparation for pregnancy or IVF procedures
and vitamin D is an important part. When analysing
publications, we found confirmation that this vitamin
plays an important part for oocyte and embryo quality.
Polycystic ovary syndrome patients are characterized
with insulin resistance, metabolic and reproductive
functions that make achieving pregnancy difficult and
often seek fertility counselling or require fertility
procedures, they are sometimes deficient in vitamins
such as vitamin D, chromium and omega-3 (Fagfoori
et al., 2017). Ozyurt and Karakus (2022) show that
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both serum and FF 25-hydroxyvitamin D level of
women with PCOS at the time of oocyte retrieval are
like non-PCOS controls and that follicular fluid 25-
hydroxyvitamin D levels correlate with total and MII
oocyte counts, positive pregnancy test and clinical
pregnancy rate but do not correlate with miscarriage
and live birth rates. Paffoni et al. (2014) recruited 154
women with serum 25(OH)D <20 ng/mL and 181
women with serum 25(OH)D >20 ng/mL and found
that clinical pregnancy rates were 20% (30/154) and
31% (56/181 and subgroup analyses showed that the
group of women with the highest serum levels (>30
ng/mL) had the highest chances of pregnancy. Vitamin
D influences embryo cleavage and implantation in
patients with repeated implantation failure by
affecting the expression pattern and regulatory
modifications of the progesterone receptors in the
endometrial stromal cells (Hosseinirad et al., 2020).
Kermack et al. (2020) showed that increased dietary
intake of omega-3 fatty acids, vitamin D, and olive oil
for 6 weeks before in vitro fertilization (IVF) or IVF—
intracytoplasmic sperm injection (ICSI) altered the
rate of embryo cleavage. Possible explanation is that
vitamin D alters AMH signalling, FSH sensitivity, and
progesterone production and release in human
granulosa cells, indicating a possible physiologic role
for vitamin D in ovarian follicular development (Irani
and Merhi, 2014). Not only that vitamin D influences
embryo quality, but vitamin D supplementation
regulates local immune response of natural killer cells
for optimization of maternal tolerance for
implantation in women with repeated implantation
failure (Chen et al, 2020).

Vitamin D is also having an impact on cycles with
donated oocyes and recipients with nonreplete vitamin
D status [25(OH)D<30 ng/mL] were associated with
lower pregnancy rates suggesting that the effects of
vitamin D may be mediated through the endometrium
(Rudick et al., 2014).

Grzechocinska et al. (2013) conclude that results in
patients without calciferol insufficiency are explained
by reports about high concentration of vitamin D and
its metabolites in human in decidua collected in the 1st
trimester of pregnancy which suggests its contribution
in proper implantation and local immunological
preference of the embryo.

There are some papers that haven not found a positive
link between vitamin D levels and fertilization success
or embryo development (Skowronska et al., 2020) and
that neither free nor total 25(OH) vitamin D seems to
play a major role in human embryo implantation (Tian
et al., 2022).

Vitamin D is also important in sperm quality and male
fertility. The vitamin D receptor and the vitamin D
inactivating enzyme CYP24A1 are co-expressed in
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high quality sperm and research results provide proof
of principle for a CYP24Al-based sperm test to
improve fertility outcome for infertile patients referred
for IUI and supports a role for vitamin D metabolites
during fertilization (Hansen et al., 2019).

Vitamin D serum concentrations depend not only on
supplementation but on environmental factors. There
were significant differences in 25-hydroxyvitamin D
(25(OH)D) concentrations in different seasons and
vitamin D deficiencies are lowest in summer when
levels of vitamin D are highest due to sunlight
exposure and these vitamin D concentrations
significantly correlated with female infertility (Wang
et al., 2021). Rogenhofer et al. (2022) show that
highest anti Muller hormone concentrations were
found between August and October when vitamin D
has highest concentrations. Research of Aerfi et al.
(2018) showed that concealing dress code is an
independent risk factor for vitamin D deficiency due
to a lack of skin exposure to sunlight and it may play
a crucial role in reduced ovarian reserve in infertile
female Iranian population.

Link between breast cancer and medically assisted
reproduction

Medically assisted reproduction includes the use of
gonadotropins, clomiphene citrate or letrozole as
inductors of ovulation and these medications can
influence estrogene levels in female body. Breast cancer
is sensitive on estrogene levels and there is a concern that
ovarian stimulation may alter the risk of developing
breast cancer after such treatments. Some research show
that women who received six or more IVF cycles did not
have an increased risk of breast cancer, there was no
excess breast-cancer risk associated with clomiphene,
human chorionic gonadotropin, gonadotropin analogues
and progesterone and there was no significant
association between fertility treatment and excess breast-
cancer risk in patients with more than 10 years' follow-
up (Cullinane et al., 2022). Also, there was no significant
increase in the risk of breast cancer among women
treated with any ovarian stimulation drug for infertility
compared with that in unexposed controls from the
general population and the infertile population
(Beebeejaun et al., 2021). Among women undergoing
fertility treatment in the Netherlands between 1980 and
1995, IVF treatment compared with non-IVF treatment
was not associated with increased risk of breast cancer
after a median follow-up of 21 years (Belt-Dousebout et
al., 2016). Gronwald et al. (2016) show that there was no
significant relationship between the use of any fertility
medication or IVF and the subsequent risk of ovarian
cancer among women with a BRCA mutation.
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In contrast some research shows that there is a positive
link between fertility treatment and risk of breast
cancer. Age 40 or more at IVF treatment, hormonal
infertility and 4 or more IVF cycles were found to be
risk factors to develop breast cancer compared to the
general population and 29% of women in IVF
treatments had positive family history of breast cancer
(Pappo et al., 2008). Women exposed to ART had an
elevated risk of breast and research findings show
increased risk in the study population warrant
continued monitoring of women treated with ART as
this population advances into more typical cancer age
ranges (Reigstad et al., 2015).

Women who have been exposed to fertility drugs with
IVF seem to have a transient increase in the risk of
having breast or uterine cancer diagnosed in the first
year after treatment, though the incidence overall is no
greater than expected and unexplained infertility was
associated with an increased risk of a diagnosis of
ovarian or uterine cancer (Venn et al., 1999).

In a review paper Impicciatore and Tiboni (2006)
report an increased risk was recently observed in
women giving birth after in vitro fertilization (IVF),
but it appeared to be consequential to the infertile
status rather than the effect of fertility drugs and there
is a possible trend towards an increased risk has been
reported by some authors for endometrial cancer.
Kessous et al. (2016) show that patients with a history
of IVF treatments had a significantly increased risk of
being diagnosed with ovarian and uterine cancer, but
a history of IVF treatment remained independently
associated with ovarian and uterine cancer.

Role of vitamin D supplementation in breast cancer

When analysing papers on relationship between
vitamin D concentrations we found that vitamin D has
mostly anticancerogenic properties in relation to
breast cancer. Some studies strongly suggest that
vitamin D deficiency increases the risk of developing
cancer and that avoiding deficiency and adding
vitamin D supplements might be an economical and
safe way to reduce cancer incidence and improve
cancer prognosis and outcome (Feldman et al., 2014).
Preclinical data have indicated that vitamin D affects
up to 200 genes that influence cellular proliferation,
apoptosis, angiogenesis, terminal differentiation of
normal and cancer cells and that vitamin D receptors
have been found in up to 80% of breast cancers
influencing patient survival (Hines et al., 2010).
Among premenopausal women, high intake of low-fat
dairy foods containing vitamin D as a component was
associated with reduced risk of breast cancer (Shin et al.,
2002).
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Women with serum 25(OH)D levels less than 20 ng/ml
and calcium levels less than 10.5 mg/dl had higher odds
of having breast cancer (Sofi et al., 2018) and vitamin D
supplements appear protective against breast cancer
development (Rossi et al., 2014).

Merchan et al. (2018) conclude that vitamin D and its
receptor show oncoprotective actions and vitamin D
presents oncoprotective actions through modulation of
inflammation, cell proliferation, cell differentiation,
angiogenesis, invasive and metastatic potential,
apoptosis, miRNA expression regulation and modulation
of the Hedgehog signalling pathway.

25(0OH)D deficiency was directly related to breast cancer
incidence while total vitamin D and supplemental
vitamin D intakes had an inverse relationship with this
outcome (Hossain et al, 2019). In another study the
combination of ®-3 free fatty acids (o-3 FFAs) and 1o,
25-dihydroxy-vitamin D dramatically enhances cell
apoptosis among three subtypes of breast cancer cell
lines (Yang et al., 2017).

Vitamin D may inhibit the transformation of normal
mammary progenitors into breast cancer stem cells that
initiate and sustain the growth of breast tumours through
modulation of long chain RNAs that are important for
breast cancer pathogenesis (Blasiak et al., 2022).

Conclusions

Women with elevated risk for developing breast
cancer going through medically assisted reproduction,
could benefit from supplementation with vitamin D to
reduce the risk of developing breast cancer.
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