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The role of vitamin  D (VitD) as a significant 
element in the pathophysiology of gynaeco-
logical diseases has been growing in recent 
years, with laboratory data intersecting with 
clinical data in indicating the role, or possible 
roles, that this vitamin may play in the field of 
gynaecology.
The production and metabolism of VitD orig-
inates from the stimulus exerted by ultraviolet 
rays on the skin, with the transformation of 
7-dehydrocholesterol into cholecalciferol, 
which, in turn, is metabolised in the liver by a
25-hydroxylase. 25(OH)D is converted at the
level of the kidneys by 1-alpha-hydroxylase
into 1,25(OH)2D or calcitriol, the active me-
tabolite. Again in the kidney, 1,24,25(OH)3D,
which is a biologically inactive compound, is
formed by 24-hydroxylase (Fig.1).
VitD, which should more properly be referred
to as D-hormone, through its specific receptor
(Vitamin D Receptor, VDR), is able to modulate
the activity of approximately 3,000 genes lo-
cated in different areas of the human body,
including the tissues of the female reproductive
tract (ovary, uterus, vagina). Genetic polymor-
phisms of VDR have been associated with dif-
ferent levels of luteinising hormone (LH), Sex
Hormone Binding Globulin (SHBG), testoster-
one and insulin 1.
In particular, as far as the reproductive tract is
concerned, VitD may exert control over ovar-
ian follicle development and the luteal phase
through an interaction with anti-Müllerian hor-
mone (AMH) signalling and follicle-stimulating
hormone (FSH) 2 sensitivity pathways.
Furthermore, and interestingly, the addition
of VitD to human granulosa cells in a culture
medium has also been shown to increase the
production of certain hormones, which are
critical for ovarian activity, compared to the
non-addition of VitD, such as progesterone (to
the extent of 13%; p < 0.001), oestradiol (to
the extent of 9%; p < 0.02), estrone (to the
extent of 21%; p < 0.002), again due to the
presence of VDR in these cells, where it medi-
ates such VitD-stimulating activity on ovarian
activity 3.

In a 2018 study 4, which assessed the rela-
tionship between VitD status and the menstrual 
cycle in women who did not have a diagnosis 
of Polycystic Ovary Syndrome (PCOS), where 
there were 60 women with low VitD levels 
(< 30 ng/mL) and 17 with normal VitD lev-
els (> 30 ng/mL ≤ 80 ng/mL), it was shown 
that in the group with low VitD levels there 
were 40% of subjects with irregular cycles, 
27% with oligomenorrhea and 13% with 
amenorrhoea. Instead, in the group with nor-
mal VitD levels, only 12% of the women had 
menstrual cycle disorders, 6% had oligomen-
orrhea and 6% had amenorrhoea. Further-
more, belonging to the group with low VitD 
increased the likelihood of having an irregular 
menstrual cycle by a factor of 5 compared 
with those women in the group with normal 
VitD levels [OR = 5; (CI 95%: 1.047-23.87), 
p = 0.04]. Thus, even in women without hor-
monal disorders, VitD can contribute to the 
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FIGURE 1.
Vitamin D: synthesis and metabolism
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regularity of the menstrual cycle rhythm by 
modulating ovarian activity. Furthermore, it 
is worth mentioning how VDR is present at 
the level of the endometrium 5 and how, also 
at the endometrial level, enzymatic activities 
are present, such as 1-alpha-hydroxylase, 
which are fundamental for VitD metabolism 
and the production of its active metabolite, 
1,25(OH)2D or calcitriol 6.

VITAMIN D AND POLYCYSTIC OVARY 
SYNDROME
PCOS is the most frequent hormonal disor-
der among females. It occurs in approxi-
mately the following percentages in associ-
ation with different conditions: 20% of fertile 
healthy women, 75% of women with ovula-
tory infertility, 80% of women with oligomen-
orrhea, 80% of women with hypertrichosis 
and regular menstrual cycle, 30% of women 
with secondary amenorrhoea, 80% of wom-
en with severe acne 7.
Wanting to consider the implications of VitD 
in certain pathophysiological conditions 
of gynaecology, one cannot but consider 
PCOS, which is the most frequent hormonal 
disorder in women and whose diagnosis is 
based on the finding of two of the following 
three parameters: oligo-anovulation, clinical 
and/or biochemical signs of hyperandro-
genism, and polycystic morphology of the 
ovary on ultrasound examination. In addi-
tion to this, the role of hyperinsulinemia as 
a factor that dysregulates ovarian activity 
and the production and action of andro-
genic hormones 8 must be mentioned from 
a pathophysiological point of view. Clini-
cally, aside from menstrual cycle disorders, 
the dermatological manifestations associat-
ed with PCOS are frequently the reason for 
affected patients seeking medical advice. 
Specifically, PCOS can be associated with 
seborrhoea (oily skin), acne, hirsutism, and 
androgenetic alopecia. Besides this, hyper-
insulinemia, which is frequently associated 
with PCOS, can cause a characteristic skin 
manifestation such as acanthosis nigricans, 
which is a condition that causes areas of 
dark, thick velvety skin to form in body folds 
and creases.
VitD deficiency can affect fertility among 
women with PCOS. As pointed out above, 
VDRs are present at various levels, such as 
in granulosa cells of ovarian follicles, in the 
pituitary gland and in the endometrium. The 
AMH promoter gene also contains VitD re-
sponse elements 9.
As far as the association between VitD and 

PCOS is concerned, it is important to re-
call how lower VitD levels are often found 
in patients with PCOS and that an associ-
ation between low VitD levels and insulin 
resistance (resulting in hyperinsulinemia) has 
been described in PCOS. Finally, low VitD 
levels are frequently found in obese PCOS 
patients 10,11.
Indeed, several studies have shown low 
levels of VitD in the PCOS population, with 
average 25(OH)D levels ranging from 11 to 
31 ng/mL, although the majority of patients 
have levels <20 ng/mL (67-85%) 10.
A particularly interesting aspect is the rela-
tionship between VitD and glucose homoe-
ostasis, which appears to be based on the 
presence of VDR in the beta cells of the 
pancreas and skeletal muscle, cells where 
the 1-alpha-hydroxylase enzyme is found, 
which catalyses the conversion of 25(OH)
D to 1,25(OH)2D. Furthermore, there are re-
sponse elements for VitD in the human insulin 
gene promoter 12. First of all, it should be 
recalled that elevated calcium levels at the 
intracellular level may alter the post-receptor 
effects of insulin binding to its receptor, such 
as glycogen synthase dephosphorylation 
and Glucose Transporter-4 (GLUT-4) activa-
tion. Therefore, VitD deficiency could lead 
to a secondary increase in parathormone 
levels (secondary hyperparathyroidism), 
with increased intracellular calcium levels, 
thus reducing the response of target cells to 
insulin action (glucose transport). The prev-
alence of VitD deficiency in PCOS patients 
is approximately 67-85%, with serum levels 
of 25(OH)D < 20 ng/mL 13. As such, the 
endocrine-metabolic consequences of VitD 
deficiency may be important in the patho-
genesis of PCOS, as well as in its clinical 
expressivity (Fig. 2). With regard to the rela-
tionship between VitD levels and metabolic 
profiles in PCOS, reduced VitD levels are 
associated with insulin resistance, regard-
less of body mass index (BMI) or waist-to-hip 
ratio (WHR) in women with PCOS. Interest-
ingly, there is an increase in insulin levels 
in women without PCOS but who are VitD 
deficient, whilst HDL cholesterol (high densi-
ty lipoprotein) correlates positively with VitD 
levels regardless of BMI or WHR 14.
A cross-sectional study explored the associ-
ation between VitD status and the diagnosis 
of ovulatory disorder/PCOS in a popula-
tion of 67 infertile women in good general 
health. As a result, reduced VitD values (nor-
malised for other confounding factors) were 
found in women with ovulation disorder and 

PCOS when compared to women with infer-
tility from other causes. However, each unit 
increase in VitD levels (normalised for BMI) 
reduced the probability of being diagnosed 
with PCOS by 96% (p  =  0.015), whilst 
none of the patients with both ovulation dis-
order and PCOS had normal VitD levels, 
with 39% of women with ovulation disorder 
and 38% of women with PCOS had serum 
levels <15 ng/mL indicating a vitamin Defi-
ciency 15.
From the standpoint of metabolic impact, 
VitD status correlates with insulin resist-
ance markers in PCOS (correlation be-
tween VitD deficiency and HOMA-IR with 
p = 0.0001 and with fasting blood glucose 
p = 0.047) 16.
A Chinese cross-sectional study17, conduct-
ed on 169 women with PCOS and 114 
controls, found lower VitD levels in PCOS 
patients compared to the controls (11.6 
± 7.2 vs 18.9 ± 8.4 ng/mL; p < 0.05) 
and lower VitD levels in PCOS patients 
with obesity or insulin resistance compared 
to women without obesity or insulin resist-
ance (8.9  ±  3.7 vs 13.6 ± 5.3 ng/mL, 
p < 0.05; 7.2 ± 2.9 vs 15.8 ± 4.9 ng/mL, 
p < 0.01). Other metabolic and inflamma-
tory parameters also correlated significantly 
with baseline VitD levels (Tab. I).
The first study, which evaluated the effect of 
VitD supplementation in the management of 
PCOS, was carried out by Thys-Jacobs et 
al. in 1999. In this study, 13 women with 
PCOS were treated with 50,000 IU ergoc-
alciferol weekly or every 2 weeks to achieve 
a serum VitD level of 75-100 nmol/L. An 
improvement in menstrual regularity was re-
ported within two months 18.
In a 2012 study  19, 12 women with 
PCOS, who were both overweight and 
VitD-deficient, received VitD supplements 
for 3 months (daily dose of 3,533 units, 
increased to 8,533 units after the first 5 
participants) along with 530 mg calcium. 
After 3 months there was a reduction in total 
testosterone (p = 0.036) and androstenedi-
one levels (although this reduction was not 
significant). A randomised, placebo-con-
trolled trial 20 conducted on 70 women with 
PCOS and VitD deficiency (<  20 ng/mL) 
(aged between 18 and 40 years), studied 
two groups of patients. One group was 
treated with 50,000 units of VitD every 2 
weeks for 3 months and the other with pla-
cebo. The results showed a statistically sig-
nificant difference in fasting blood glucose 
levels (-3.1 ± 7.3 vs + 0.5 ± 6.3 mg/dL, 
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p = 0.02), in baseline insulin levels (-1.4 ± 
3.6 vs +2.6 ± 7.0 μIU/mL, p = 0.004) and 
in HOMA-IR levels (-0.3 ± 0.8 vs + 0.6 ± 
1.6, p = 0.003).
Furthermore, hs-CRP levels were also found 
to be significantly lower (-0.7 ± 1.4 vs + 
0.5 ± 2.1 μg/mL; p  =  0.009), as were 
malondialdehyde levels (-0.1 ± 0.5 vs + 
0.9 ± 2.1 μmol/L, p = 0.01).
A 2020 meta-analysis, published by Miao 

et al.21, looked at 11 studies (= 483 sub-
jects): of the 11 studies considered, 7 report-
ed PCOS diagnosis and VitD deficiency as 
inclusion criteria. This meta-analysis showed 
VitD supplementation to be associated with 
a reduction in total testosterone (mean dif-
ference: -0.10; CI 95%: -0.18, -0.02; 
p  =  0.02), reduction in HOMA-IR (mean 
difference: -0.44, CI 95%: -0.86, -0.03, 
p  =  0.04), reduction in total cholesterol 

levels (mean difference:-11.90, CI  95%: 
-15.67, 8.13, p <  0.01), reduction in 
LDL-cholesterol levels (mean difference: 
-4.54, CI 95%: -7.29, -1.80, p = 0.001).
In another meta-analysis published in 2021, 
conducted considering 18 randomised, pla-
cebo-controlled trials (= 1,060 subjects, all 
with mean VitD values at baseline < 30 ng/
mL), Zhao et al.  22 showed that VitD sup-
plementation had a positive impact on the 
hormonal, oxidative and inflammatory pro-
file in PCOS. Indeed, there was a reduc-
tion in total testosterone levels (CI 95%: 
-0.40, -0.07; p = 0.006), reduced levels 
of high-sensitivity C-reactive protein (hs CRP) 
(CI 95%: -0.73, -0.38; p < 0.00001), re-
duction in malondialdehyde levels (CI 95%: 
-0.90, -0.54; p < 0.0001), increased levels 
of total antioxidant capacity (CI 95%: 0.01, 
0.83; p = 0.04). Again, in this meta-analy-
sis, it was shown that the most appropriate 
supplementation scheme to achieve these 
results is daily supplementation with doses 
≤  1,000  U/day, which appeared to be 
better than weekly administration, with a 
suitable duration appearing to be at least 
12 weeks.
A recent systematic review with methanoly-
sis 23, was conducted considering 9 RCTs 
(randomised controlled trials) (n = 1677) 
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FIGURE 2.
Possible role of vitamin D in the pathogenesis of PCOS (from Thomson et al., 2012, mod.) 13.

TABLE I
Vitamin D status and metabolic factors in PCOS (Wang et al., 2020, mod.).17

25(OH)D <
20 ng/mL 
(deficiency)

25(OH)D ≥20
≤30 ng/mL 
(deficiency)

25(OH)D >30
ng/mL 

(normal level)

p*

BMI 27.3 ± 9.2 25.4 ± 8.1 23.5 ± 9.3 0.029

WHR 1.0 ± 0.4 0.9 ± 0.5 0.8 ± 0.3 0.036

Insulin (mIU/L) 39.6 ± 10.7 33.5 ± 9.9 26.8 ± 8.5 0.012

HOMA-IR 8.9 ± 3.7 7.3 ± 2.8 5.7 ± 2.1 0.009

Total Cholesterol(mmol/L) 6.1 ± 1.7 5.5 ± 1.6 4.2 ± 1.4 0.03

hs-CRP (mg/L) 2.4 ± 0.9 1.9 ± 0.6 1.4 ± 0.3 0.017

HDL( mmol/L) 1.3 ± 0.6 1.4 ± 0.7 1.8 ± 0.6 0.03

* Analysis of variance. BMI: Body mass index; WHR: Waist/Hip Ratio; HOMA-IR: Homeostatic Model Assessment for Insulin Resistance; 
hs-CRP: high sensitivity C-reactive protein; HDL: high density lipoprotein.
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and 3 cohort studies (n = 675), on infertile 
patients with VitD deficiency, that evaluated 
the influence of VitD supplementation on re-
productive outcome, starting from the fact 
that a low VitD level is associated with an 
increased risk of infertility. So, VitD treatment 
significantly increased the clinical pregnan-
cy rate compared to the control group (OR: 
1.70, CI 95%: 1.24-2.34; p = 0.001). The 
improvement in the pregnancy rate was in-
fluenced by the patients’ VitD level, the type 
of preparation administered, the total dos-
age administered, the duration of treatment, 
the frequency of administration, and the dai-
ly administration of VitD supplementation. 
Infertile women (with VitD levels <30  ng/
mL) treated with multicomponent prepara-
tions with VitD or with 1,000-10,000 units 
of VitD per day for 30-60 days could have 
had a better pregnancy outcome.

CONCLUSIONS
VitD plays a physiological role in female 
reproductive function. Specifically, it is im-
portant to maintain an adequate vitamin D 
status, both under normal physiological con-
ditions and in women with gynaecological 
conditions (e.g., PCOS). Assessment of vita-
min D status in women’s health and, if neces-
sary, supplementation can be very important 
for clinical practice.
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