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Abstract: Vitamin D is a secosteroid hormone that plays a pivotal role in several metabolic and reproductive pathways in humans. Increasing
evidence supports the role of vitamin D deficiency in metabolic disturbances and infertility in women with polycystic ovary syndrome (PCOS).
Indeed, supplementation with vitamin D seems to have a beneficial role on insulin resistance (IR) and endometrial receptivity. On the other
hand, exceedingly high levels of vitamin D appear to play a detrimental role on oocytes development and embryo quality. In the current review,
we summarize the available evidence about the topic, aiming to suggest the best supplementation strategy in women with PCOS or, more
generally, in those with metabolic disturbances and infertility. Based on the retrieved data, vitamin D seems to have a beneficial role on IR,
insulin sensitivity and endometrial receptivity, but high levels and incorrect timing of administration seem to have a detrimental role on oocytes
development and embryo quality. Therefore, we encourage a low dose supplementation (400–800 IU/day) particularly in vitamin D deficient
women that present metabolic disturbances like PCOS. As far as the reproductive health, we advise vitamin D supplementation in selected
populations, only during specific moments of the ovarian cycle, to support the luteal phase. However, ambiguities about dosage and timing of
the supplementation still emerge from the clinical studies published to date and further studies are required.
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Abbreviations

1,25(OH)2D3 1,25-dihydroxyvitamin D3
25OH-D 25 Hydroxy vitamin D
AMH Antimüllerian hormone
AMHR-II Anti-Müllerian hormone type II receptor
ART Assisted reproductive technology
EFSA European Food Safety Authority
FF Follicular fluid
FSH Follicle-stimulating hormone
hCG Human chorionic gonadotropin
HOMA-IR Homeostatic Model Assessment for Insulin

Resistance
HOXA10 Homeobox protein Hox-A10
ICSI Intracytoplasmic sperm injection

IR Insulin Resistance
IVF In vitro fertilization
mF-G score Modified Ferriman Gallwey score
OGTT Oral glucose tolerance test
PCOS Polycystic ovary syndrome
SHBG Sex hormone-binding globulin
VDD Vitamin D deficiency
VDR Vitamin D receptor

Introduction

Polycystic ovary syndrome (PCOS) is one of the most com-
mon endocrine disorder, affecting approximately 4%–18%
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of women in the reproductive age [1]. PCOS is an androgen
excess disorder with different degrees of reproductive
and metabolic dysfunctions including infertility, insulin
resistance (IR), hyperinsulinemia and dyslipidemia [2].

Accumulating evidence suggests that vitamin D defi-
ciency (VDD) might be a causal factor in the pathogenesis
of IR and the metabolic dysfunctions in PCOS [3]. Indeed,
67%–85% of women with PCOS are vitamin D deficient
[4]. Additionally, positive associations are reported
between VDD and some well-known comorbidities of
PCOS including type 2 diabetes, metabolic syndrome, and
cardiovascular diseases [5–7].

This is supported by the fact that vitamin D modulates
glucose-insulin homeostasis through the action on its own
specific receptor (VDR), located also on the pancreatic beta
cells and in the skeletal muscles. It directly activates the
transcription of the human insulin receptor gene, activates
peroxisome proliferator activator receptor-δ, stimulates
the expression of insulin receptor, and enhances insulin-
mediated glucose transport in vitro [8]. In addition, VDR
polymorphisms seem to account for some PCOS features.
Specifically, VDRvariants Cdx2 andDHCR7 are associated
with IR and insulin sensitivity, while Apa-I variants with
altered levels of testosterone in PCOS women [9].

Plasmatic low levels of vitamin D (< 20 ng/mL) appear
correlated with hirsutism, hyperandrogenism and obesity.
Moreover, vitaminD plays a physiological role in reproduc-
tion by modulating follicular development through the
influence on the signal of the antimüllerian hormone
(AMH), on FSH sensitivity and on the production of proges-
terone in the ovarian granulosa cells [10] (Figure 1).

Toworth noting that in the last years there have been few
interventional studies about vitaminD supplementation on
PCOS in which some characteristics of this syndrome sub-
stantially improved but some others have not changed.
Therefore, with this review we aim to summarize the exist-
ing evidence and evaluate the effects of vitamin D supple-
mentation on the metabolism and fertility in women with
PCOS.

Methods

We conducted a literature review on the relationship
between vitaminDdeficiency andmetabolic and reproduc-
tive disturbances, aiming to suggest the best supplementa-
tion strategy in women with PCOS or, more generally, in
those with metabolic disturbances and infertility.

The review involvedkeywordsearches inelectronicdata-
bases, including PubMed, MEDLINE, ScienceDirect, the
Cochrane Library, to find the available evidence published
in English from inception up to August 2019.

Review search terms included “Vitamin D”, “Vitamin D
Deficiency”, “Infertility”, “Polycystic Ovary Syndrome”,
“Metabolism”, and “Supplementation”. The review
included RCTs, descriptive and epidemiologic studies,
systematic reviews and metanalysis, describing the pro-
cesses activated in vitamin D deficiency conditions, and
the supplementation/therapeutic strategies to improve
metabolic and reproductive outcomes. The review was
conducted in two phases: initially, abstracts were retrieved
and assessed against the review criteria followed by the
retrieval and assessment of full papers against review
criteria. A summary of the studies included in the review
and their characteristics are reported in Table 1.

Vitamin D supplementation
in PCOS women

Recent studies evaluated the correlation betweenVDDand
PCOS, with vitaminD supplementation showing promising
results.

In apost-hoc analysis, Pal et al. [11] examined the relation
between vitamin D status and pregnancy outcomes. They
used data from a randomized prospective study performed
by the Reproductive Medicine Network on 626 women
anddesigned to lookat clomiphenevs. letrozole in the treat-
ment of PCOS patients undergoing ovulation induction.
The authors found that ovulation correlated with vitamin
D levels. More specifically they reported that the likelihood
for live birth was reduced by 44% inwomenwith low levels
(< 30 ng/mL) of 25 hydroxyvitamin-D (25OH-D), whereas
there was an improvement in the odds for live birth at
the following thresholds: > 38 ng/mL, > 40 ng/mL and
> 45 ng/mL. Serum 25 OH-D was significantly higher in
women achieving a live birth compared to those who did
not. In addition, each ng/mL increase in 25OH-D levels
raised the likelihoodof a livebirthby2%[11].These findings
underline a correlation between vitamin D levels and
fertility, and suggest possible beneficial effects of
vitamin D supplementation in PCOS women with low
serum levels of 25OH-D.

The recent meta-analysis by Łagowska et al. [12]
evaluated the effect of vitamin D supplementation on
insulin resistance in PCOS patients. The authors analyzed
11 studies involving 601 women diagnosed with PCOS.
The results indicate that vitamin D significantly decreases
both fasting glucose concentrations and the Homeostatic
Model Assessment for Insulin Resistance (HOMA-IR)
value. The latter significantly improved also with doses of
vitamin D lower than 4000 IU/d. The authors concluded
that the supplementation in PCOS patients with such low
doses of vitamin D (from 200 IU/d to 4000 IU/d) may
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improve insulin sensitivity in terms of the fasting
glucose concentration (in combinationwith othermicronu-
trients) and HOMA-IR (in continuous low daily doses or as
co-supplement) [12].

Fertility and reproductive parameters were evaluated in
another randomized double-blind, placebo-controlled
trial [13]. Ninety insulin-resistant women with PCOS were
assigned to three groups to take either 4000 IU of
vitamin D, 1000 IU of vitamin D or placebo daily for
12 weeks. Compared with placebo, significant increases in
sex hormone-binding globulin (SHBG) and in modified
Ferriman Gallwey scores (mF-G scores) occur already at
the lower dose of vitamin D (1000 IU).

In a double-blind, randomized placebo-controlled
trial, Trummer et al. [14] enrolled 180 PCOS women and
vitamin D levels < 30 ng/mL. The subjects were random-
ized to receive either vitamin D (20000 IU/week) or pla-
cebo for 24 weeks [14]. Supplementation with vitamin D
led to a decrease in plasma glucose one-hour after the oral
glucose tolerance test (OGTT), compared to the placebo.

All these studies highlighted the beneficial effects of
vitaminDsupplementationondifferent pathologic features
ofPCOS.However, the results should be interpreted in light
of the following considerations: a)most of the studies pre-
sented are single center; b) the meta-analysis by Łagowska
et al. [12] focused on studies mainly conducted in Iran. The
population and ethnicity remainmostly the same, reducing
the generalizability of these findings; c) some authors
reported that the concomitant use of metformin with
vitamin D or placebo may have affected results.

Diminished ovarian reserve later
in life in PCOS women

PCOS isa time-evolvingcondition.Variousauthors recently
reported that clinical expression and severity of PCOS
decline with advancing age. Young PCOS patients suffer
from the development of too many follicles at once. Over
time, they face a transition from excessive to abnormally
low follicle recruitment and are likely to suffer from
diminished ovarian reserve, a condition in which ovaries
no longer produce a good number of high-quality eggs.

A longitudinal study [15], which focused on the ovarian
reserve parameters, was conducted on women with docu-
mented PCOS, as per Rotterdam criteria [16]. According
to Ahmad et al. [15], AMHand antral follicle count declined
more abruptly in the PCOS population, as compared to
controls with normal menstrual cycle.

The role of vitamin D in ovarian
reserve

In 1978, it was demonstrated that both the decidua and the
placenta produce active vitamin D metabolites [17]. In
addition, the presence of 1-α-hydroxylase and VDR recep-
tors was demonstrated in the ovary (particularly in granu-
losa cells) [18], the endometrium [19], the pituitary gland
[20] and the placenta [21], suggesting that vitamin D
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Figure 1. The role of Vitamin D deficiency on the pathogenesis of PCOS. SHBG: Sex hormone binding globulin is a protein that transports the
hormones in the blood as biologically inactive forms.
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orchestrates several regulatory pathways in human
reproduction [22]. VDDhasbeen relatedwithprimaryovar-
ian insufficiency [23] and with impaired embryo implanta-
tion in humans. On the other hand, the role of vitamin D
in ovarian reserve ismuch less clear, and existing literature
provides controversial reports on vitaminD and AMH [24].

A systematic review by Irani et al. [10] investigated the
role of vitamin D in ovarian physiology with a focus on the
genes involved in steroidogenesis, follicular development,
and ovarian reserve. In particular, the review took into
account the ovulatory dysfunction associated with PCOS,
and the ovarian response to assisted reproductive technol-
ogy (ART).Theauthors reported that vitaminDaffects both
AMH signaling and FSH sensitivity in human granulosa

cells. It influencesalso theproductionandreleaseofproges-
terone, suggesting its involvement in ovarian follicular
development and luteinization. The authors found a posi-
tive correlation between serum vitaminD andAMH,which
is a clinical marker of ovarian reserve, and concluded that
the supplementation with vitamin D helps preventing the
seasonal changes in serum AMH. Although one of the best
markers of ovarian reserve, AMH expression and serum
levels are altered by factors as vitamin D deficiency and
obesity [25], typical features in PCOS women. Vitamin D
supplementation toPCOSpatients, reduced theabnormally
elevated serum AMH levels, possibly indicating a positive
effect of vitamin D on folliculogenesis [10]. Hence, the
possibility to include the assessment of vitamin D status

Table 1. Summary of the major studies on the effects of vitamin D on PCOS

Study Study type N
Intervention and

doses Main findings

Pal et al. [11] Retrospective cohort
study

626
(18–39 yrs)

Measurement of
serum 25OHD levels

Vitamin D levels correlated with ovulation.
The likelihood for live birth was reduced by
44% in women with low levels (< 30 ng/mL)
of 25OH-D, whereas there was an
improvement in the odds for live birth at
the following thresholds: > 38 ng/mL,
> 40 ng/mL and > 45 ng/mL

Łagowska
et al. [12]

Systematic review
and
meta-analysis of
RCTs

601
(18–40 yrs)

Vitamin D
supplementation
(doses from 200 IU/d
to 4000 IU/d)

Supplementation in PCOS patients with
low doses of vitamin D improved insulin
sensitivity in terms of the fasting glucose
concentration (in combination with other
micronutrients, p = 0.01) and HOMA-IR (in
continuous low daily doses or as co-
supplement) (p = 0.02)

Jamilian et al.
[13]

RCT 90
(18–40 yrs)

4000 IU of vitamin D,
1000 IU of vitamin D
or placebo daily for
12 weeks

Significant increases in SHBG and in mF-G
scores occurred already at the lower dose
of vitamin D (1000 IU) (Vit D: +4.5 ± 11.0 vs
Placebo: +0.7 ± 10.4 nmol/L, p < 0.001)

Trummer
et al. [14]

RCT 180
(� 18 yrs)

vitamin D (20000 IU/
week) or placebo for
24 weeks

Vitamin D decreased plasma glucose one-
hour after the oral glucose tolerance test,
compared to the placebo (mean treatment
effect – 10.2 mg/dL; 95% CI 20.2 to �0.3;
p = 0.045)

Ahmad et al.
[15]

Prospective
longitudinal study

85
(18–50 yrs)

Ovarian reserve
controls

AMH and antral follicle count declined
more abruptly in the PCOS population, as
compared to controls with normal
menstrual cycle (p < 0.01)

Irani et al.
[10]

Systematic Review 93
(18–38 yrs)

50,000 IU/w Vit D Vitamin D correlates with AMH signaling
and FSH sensitivity in human granulosa
cells. It influences the production and
release of progesterone

Merhi et al.
[25]

Prospective cohort
study

33 Infertile
(� 18 yrs)

Supplementation
with 50 or 100 nM of
vit D3

Vitamin D supplementation increased
progesterone production in the presence
of the precursor substrate pregnenolone
(p < 0.05)

Ciepiela et al.
[28]

Prospective cohort
study

198 Infertile
(18–38 yrs)

Measurement of
25OHD levels in the
follicular fluid

Vitamin D levels in the FF of successfully
fertilized oocytes (following ICSI) were
significantly lower compared with those of
unfertilized ones (28.4 vs. 34.0 ng/ml, p =
0.001). Top quality embryos developed
from oocytes collected from follicles
containing significantly lower vitamin D
levels
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in the routine evaluation of infertility, considering that
appropriate supplementation may translate into more
reliable ovarian reserve markers and into better ovarian
follicular dynamics.

Merhi et al. [25] evaluated the role of 1,25-dihydroxyvita-
min D3 [1,25(OH)2D3] in ovarian follicular development
and steroidogenesis, using a human granulosa cell (GC)
model. Upon treatment with 1,25(OH)2D3, they reported
increased progesterone production in the presence of the
precursor substrate pregnenolone. Similarly, Parikh et al.
[18] proved that vitamin D increased the production of
progesterone, estrogen, estrone, and insulin-like growth
factor–binding protein 1 in human ovarian cells. Interest-
ingly, 1,25(OH)2D3 inhibits the Anti-Müllerian hormone
type II receptor (AMHR-II) expression and signaling, thus
potentially counteracting the repressive effect of AMH on
granulosa cell differentiation. The lesser AMH sensitivity
allows follicles to reach terminal maturation and ovulation
[26]. Moreover, 1,25(OH)2D3 stimulated estrogen and pro-
gesterone production in human placenta [27].

Understanding the mechanistic actions of vitamin D in
ovarian physiology is fundamental to strategically target
the rightpopulation, timinganddosageof supplementation.
In particular, there is still a lack of good data pertaining to
the impact of vitamin D supplementation on pregnancy
rates following in vitro fertilization (IVF). Since most of
the studies in this regard are observational, a randomized
trial is required to elucidate the impact of supplementation
on controlled ovarian hyperstimulation/IVF outcome and
ovulatory dysfunction associated with PCOS.

Vitamin D, follicular fluid
and embryo quality

A recent prospective cohort study conducted in Poland by
Ciepiela et al., [28] investigated the relationship between
vitamin D level in follicles and oocyte developmental com-
petence. The study included one hundred ninety-eight
infertile women scheduled for intracytoplasmic sperm
injection (ICSI) and a single embryo transfer. Serum sam-
ples and follicular fluid (FF) were collected from single fol-
licles on the day of oocyte retrieval. The authors reported
that vitamin D levels in the FF of successfully fertilized
oocytes (following ICSI) were significantly lower compared
with those of unfertilized ones. They also found that top
quality embryos (on day 3 after fertilization) developed
from oocytes collected from follicles containing signifi-
cantly lower vitamin D levels. Moreover, embryos from
oocytes that developed in FF with lower vitamin D concen-
trations showed better results in terms of: positive human
chorionic gonadotropin (hCG), clinical pregnancy, and live

birth rates. Serum levels of vitamin D < 20 ng/mL resulted
in a higher fertilization rate and clinical pregnancy rate.
Interestingly they also reported a higher miscarriage rate
compared with those with levels � 20 ng/ml.

Thus, vitamin D levels in FF seem to negatively correlate
with the fertilization ability of oocytes and the following
embryo development, before implantation. Oocytes
matured in low FF vitamin D concentrations also correlate
with better embryo quality and with higher pregnancy and
delivery rates. Low vitamin D concentrations in the serum,
on the other hand, positively correlate with miscarriage
rates [28].

Inorder toexplain these findingswehave to consider that
vitamin D has been shown to regulate hCG expression and
secretion in cultured syncytiotrophoblast, and to stimulate
estradiol and progesterone secretion from trophoblasts in
a dose-dependent manner [29]. Moreover, vitamin D can
induce the transcription of Homeobox protein Hox-A10
(HOXA10) [30] in the endometrium, decidua andplacenta.
Indeed, HOXA10 plays a pivotal role in orchestrating
embryo implantation [31] and the development of female
tract organogenesis [32].

The effect of vitamin D on progesterone has been inves-
tigated in an animal study conducted on porcine granulosa
cells [33]. The results showed that 1,25(OH)2D3 signifi-
cantly alters the transcription and the translation of the
genes encoding for progesteronebiosynthesis. They further
indicate that progesterone concentrations decrease in
response to 1,25(OH)2D3. Progesterone modulates the
immune response at the maternal-fetal interface, prevent-
ing spontaneous miscarriage and preterm labor. In this
perspective, it is possible to hypothesize that excess vita-
min D causes a reduction of progesterone concentration,
playing a detrimental role during early pregnancy [34].

The proposed biological role of vitamin D in the implan-
tation process led research groups to investigate the effect
of vitamin D status in patients undergoing ART. Some
studies report that replete vitamin D levels correlate with
increased clinical pregnancy and live birth rates [35–38].
Ozkan et al. found positive correlation between vitamin D
levels in the serum and in the FF in a group of 84 patients,
and a positive tendency to achieve clinical pregnancy fol-
lowing IVF. High vitamin D levels were also significantly
associated with improved parameters of the controlled
ovarian hyperstimulation [35, 38]. Interestingly, Rudick
et al. observed that the status of vitamin D (both in the
serum and FF) and the achievement of clinical pregnancy
dependon thepatient’s ethnicity (p<0.01). Indeed, vitamin
D deficiency is associated with lower pregnancy rates in
non-Hispanic whites, but not in Asians [37].

Anifandis et al. showed a negative effect of vitamin D on
the quality of embryos (r =�0.27, p =0.027). They reported
a lower quality of embryos and a lower likelihood to achieve
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clinical pregnancy in womenwith FF 25(OH)D > 30 ng/ml,
in comparison with women with FF 25(OH)D in the range
20.1–30 ng/ml or with FF 25(OH)D < 20 ng/ml [39].

Summary on the role of vitamin D
in PCOS

Vitamin D appears to be negatively correlated with follicu-
larqualityand fertilization rate. Indeed, topquality embryos
derive from oocytes collected from follicles containing
significantly lower 25(OH)D levels [28]. On the other hand,
low levels of vitaminDare also associatedwith high rates of
miscarriage.

Vitamin D exerts positive effects during the early stages
of pregnancy through several mechanisms. It binds to its
receptor (VDR) in the endometrium, regulating target
genes such as calbindin and osteopontin, both essential
for embryonic implantation and placental development.
Vitamin D also interferes with the production of pro-
inflammatory cytokines, asdemonstratedwithendometrial
cells isolated from women with a history of recurrent
miscarriage [40].

Thus, we speculate that vitamin D at physiologic levels
has a beneficial role on endometrial receptivity, whereas
an excess plays a detrimental role on oocyte development
and embryo quality. Based on these conclusions, dietary
supplementation of vitamin D is preferable to administra-
tion of heavier pharmacological doses. Furthermore, the
European Food Safety Authority (EFSA) guidelines state
that vitamin D supplementation up to 4000 IU/day is safe
even for prolonged use [41], without occurrence of
hypercalcemia or hypercalciuria. Accordingly, vitamin D
supplementation shouldbe tailoredon selectedpopulations
and on specific moments of the ovarian cycle, in order to
support specifically the luteal phase.

Genetic/ethnic aspects play a fundamental role, consid-
ering that the pregnancy rate among Asian women is not
negatively influenced by vitamin D deficiency, unlike
non-Hispanic whites [37]. The controversial findings
reported might be also due to the clinical and geographical
heterogeneity of the studies analyzed. Several individual
cohort studies were, indeed, conducted in different
geographical locations, with variability in population
characteristics and ART protocols used [42].

The rate of VDD is very high in PCOS women, but
whether it contributes to the pathogenesis of the syndrome
(independently from the elevated body mass index) is still
uncertain. Most PCOS women are either overweight or
obese, and obesity causes a decrease in circulating 25
(OH)D, which remained confined in the adipose tissue.
Arguably, vitamin D supplementation holds a promise of

becoming a potential therapeutic adjunct for the ovulatory
dysfunction and metabolic alterations observed in women
with PCOS. The available data need to be validated with
well-designed randomized controlled trials aimed to
specifically evaluate the direct effect of oral vitamin D
supplementation on long-term ovarian physiology and
metabolic alterations in PCOS women with VDD [10].

Conclusion

Considering the described effects, a favorable clinical indi-
cation for the use of vitamin D in ART could be reasonable
also in PCOS women. However, ambiguities about dosage
and timing of the supplementation still emerge from the
clinical studies published to date.

Future perspectives on this concern could be represented
by a universal evaluation of vitamin D status, performed in
order to early discover the vitamin D-deficient population
and intervene with an adequate supplementation, thus
reducing the possible onset of health issues related to the
deficiency of this important secosteroid hormone involved
in several physiologic pathways.

Vitamin D seems to have a beneficial role on IR, insulin
sensitivity and endometrial receptivity, but high levels
and incorrect timing of administration may have a detri-
mental role on oocytes development and embryo quality.

Basedon the retrieveddata,we encourage adaily supple-
mentation of400–800 IU, or 10–20micrograms of vitamin
D in deficient women presenting metabolic disturbances,
like PCOS. As far as the reproductive health is concerned,
we recommend supplementation specifically to support
the luteal phase of the ovarian cycle. On the other hand,
based on the data on embryo quality, we advise against
supplementation during the follicular phase.
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