
INTRODUCTION

Polycystic ovary syndrome (PCOS) is the most common
endocrine disorder affecting women of reproductive age. Among
the global female population, the prevalence of PCOS is
estimated at 5 – 15% (1). PCOS is a multisystem disorder,
associated with hormonal, reproductive and metabolic
disturbances. The main, but somewhat variable symptoms, are
hyperandrogenism, abnormal gonadotropin level, polycystic
ovarian morphology (PCOM) and ovulatory dysfunction as well
as insulin resistance, hyperinsulinemia, impaired glucose
tolerance, type 2 diabetes mellitus (T2DM), dyslipidemia,
hypertension and hirsutism (2, 3). Currently, insulin resistance
occurs in 75% of PCOS women, both obese and non-obese (4).
Diminished sensitivity to insulin leads to compensatory
hyperinsulinemia, which contributes to development of
hyperandrogenism in women with PCOS, stimulating androgen
synthesis in ovarian theca cells (5). A plethora of research has
been carried out on drugs that improve insulin sensitivity in
patients with PCOS. Many are already widely used, e.g.
rosiglitazone, pioglitazone and metformin (6). However, there
are some concerns about their safety and research is underway to
find an alternative treatment of hyperinsulinemia in PCOS.
Promising evidence has been provided by recent studies, which
suggest that supplementation with vitamin D3 (VD3) may be
beneficial in increasing insulin sensitivity in PCOS patients and
thereby improving reproductive parameters. This review
summarizes the available evidence about VD3 and insulin

interaction in PCOS, and discusses the potential usefulness of
VD3 in PCOS treatment.

POLYCYSTIC OVARY SYNDROME - A BRIEf GLANCE

PCOS is a heterogeneous disease making diagnostic
difficulties. Diagnosis requires the establishment of key
symptoms while excluding other hyperandrogenic or
oligoovulatory causes (1). The first PCOS criteria were
described in 1990 by National Institutes of Health (NIH) (7) that
were further modified in Rotterdam in 2003 in line with
European Society for Human Reproduction and Embryology
(ESHRE) recommendations (8) and in 2006 by the American
Society for Reproductive Medicine (ASRM) (9). finally, the
following two criteria are proposed: 1) clinical and/or
biochemical signs of androgen excess, and 2) ovarian
dysfunction, including oligo-/anovulation and/or PCOM. PCOS
is classified into four separate phenotypes according to the
presence or absence of three characteristics: phenotype A - the
presence of hyperandrogenism, ovulatory dysfunction and
POMC; phenotype B - the presence of hyperandrogenism and
oligo-/anovulation; phenotype C - the presence of
hyperandrogenism and PCOM; and phenotype D - the presence
of oligo-/anovulation and PCOM (1, 10).

The pathophysiology of PCOS is complex and involves
many intertwined factors. It is known that hereditary, genetic and
environmental factors contribute to PCOS etiology. features
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such as PCOM, maternal PCOS, metabolic syndrome and
hyperandrogenism are heritable traits and therefore PCOS risk
factors (11). Among genetic factors the most important are
polymorphism and differential expression of genes encoding sex
hormone-binding globulin (SHBG), steroidogenic enzymes,
androgen receptor and gonadotropin receptors (12, 13).
Environmental factors in PCOS include unhealthy lifestyle, diet,
obesity and environmental toxin (1, 14) as well as intrauterine
factors such as prenatal nutrition and androgen exposure (11).

The primary defect in PCOS is a functional ovarian
hyperandrogenism (fOH) caused by steroidogenic hyperactivity,
which disrupts the intraovarian biosynthesis of androgens and
estrogens (11). The activity of hypothalamic-pituitary
gonadotropin-releasing hormone (GnRH)/luteinizing hormone

(LH) system involves different intermediary mechanisms (15).
The primary cause of fOH may be an increased GnRH secretion
from the hypothalamus, leading to an excessive release of LH by
the pituitary gland. This abnormality results in elevated
circulating LH/fSH (follicle-stimulating hormone) ratio and
hypersecretion of androgens by ovarian theca cells, which
impairs follicular development and increases the number of
growing small antral follicles (16). In PCOS women, ovarian
follicles are more resistant to fSH and the increased
concentration of LH inhibits the proliferation of granulosa cells,
causing their premature luteinization (17, 18). Reduced fSH
sensitivity of follicles leads to inhibition of cytochrome P450
aromatase (CYP19A1) activity and blocks the conversion of
androgens to estrogens that further causes the arrest of normal
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Fig. 1. The link between insulin
resistance and hyperandrogenism.
(A) Effect of high plasma insulin
concentration on the induction of
hyperandrogenism. (B) Stimulation
of androgens biosynthesis in
ovarian theca cells by luteinizing
hormone (LH) and insulin.
3β-HSD, 3β-hydroxysteroid
dehydrogenase/Δ5-Δ4 isomerase;
17β-HSD, 17β-hydroxysteroid
dehydrogenase; CYP11, cholesterol
side-chain cleavage enzyme;
CYP17, cytochrome P450 17α-
hydroxylase/c17-20 lyase; fSH,
follicle-stimulating hormone;
GnRH, gonadotropin-releasing
hormone; IGf-1, insulin-like
growth factor 1; IGfBP-1, insulin-
like growth factor binding protein 1;
IGf-1R, insulin-like growth factor
1 receptor; INSR, insulin receptor;
LHR, luteinizing hormone receptor;
SHBG, sex hormone-binding
globulin.



follicle development. Consequently, dominant follicles are not
formed leading to oligo-/anovulation (19, 20). Overstimulation
of theca cells by LH is exacerbated by insulin, which acts
directly via the insulin receptor or indirectly through the insulin-
like growth factor 1 (IGf-1) receptor (Fig. 1).

INSULIN IN POLYCYSTIC OVARY SYNDROME

Insulin is the most important anabolic peptide hormone that
regulates carbohydrate metabolism (21). The predominant
stimulus for insulin production and secretion is an increased
glucose concentration in the blood. Insulin facilitates glucose
uptake and accumulation in the form of glycogen by target
tissues such as liver, muscle and adipose tissue, leading to
decreased circulating glucose. As blood glucose concentration
decreases, glycogen is converted into glucose under the control
of glucagon (22). Insulin is also involved in the conversion of
carbohydrates into fats or enhances protein synthesis by
accelerating the supply of amino acids. It also decreases
gluconeogenesis, proteolysis and lipolysis (21).

Insulin synthesis takes place in the pancreas β-cells. In
humans, there is a single insulin gene INS on chromosome 11
coding the precursor preproinsulin peptide. The peptide is a
single chain composed of a signal sequence and peptides B, C
and A (23, 24). In order to exert a biological effect in target cells,
insulin binds to the specific receptor (INSR) with tyrosine kinase
activity (25), which is composed of two extracellular α subunits
and two membrane-spanning β subunits (26). Binding of insulin
to INSR leads to its dimerization, autophosphorylation and
phosphorylation of insulin receptor substrate proteins (IRS) (27)
that can activate two main signaling pathways:
phosphoinositide-3 kinase (PI3K)-Akt pathway or mitogen-
activated protein kinase (MAPK) pathway (28) (Fig. 2).

Insulin resistance and hyperinsulinemia are hypothesized to
be crucial in the pathogenesis of PCOS. The disrupted molecular
mechanism of insulin action in PCOS involves muscle, liver,
adipose tissue as well as ovarian tissue. In muscle, constitutive
activation of MEK1 and MEK2 (key kinases in the MAPK
signal transduction pathway) increases serine phosphorylation of

the insulin receptor and IRS1 (29, 30). As a consequence, insulin
signaling in the metabolic, but not the mitogenic, pathways is
affected (31). Other molecular mechanisms of insulin resistance
are observed in adipose tissue of PCOS women (32, 33): the
function of adipocytes is disrupted leading to peripheral insulin
resistance and inflammation. This is caused by reduced insulin-
stimulated glucose transport (34), decreased production of
glucose transporter 4 (GLUT4) (35, 36) and reduced insulin-
stimulated inhibition of lipolysis (37, 38). Recent data indicates
that increased expression of microRNA-93 and microRNA-223
suppressed GLUT4 production and glucose transport in
adipocytes of PCOS patients (36, 39). In addition to common
insulin-resistant tissues, ovarian cells seem to show decreased
insulin sensitivity in PCOS. Insulin alone increases
androstenedione synthesis and together with LH stimulates
further androgen production by theca cells, contributing to
hyperandrogenism (40). This elevated steroidogenesis probably
results from cross-talk with LH-induced cyclic adenosine
monophosphate (cAMP) accumulation that might, in turn,
activate PI3K activity (41). It is notable that ambiguous results
were obtained using granulosa cells from polycystic ovary
follicles: in follicles less than 8 mm, insulin prematurely
enhanced LH action leading to growth arrest, whereas in
follicles measuring more than 10 mm, granulosa cells became
responsive to LH (41). To explain these discrepancies,
experimental data revealed disrupted glucose metabolism and
proper steroidogenesis in PCOS granulosa cells, suggesting that
the ovarian microenvironment determines the response to insulin
(42, 43). It appears that the metabolic pathway of insulin
signaling in the ovarian tissues is hampered, while other
pathways are active. Overall, the molecular mechanism
underlying possible insulin sensitivity of ovarian cells in PCOS
requires further study.

VITAMIN D3 - METABOLISM AND ACTION

Vitamin D3 and its metabolites belong to the group of fat-
soluble organic chemical compounds with the general chemical
formula C28H43OH. They are classified as secosteroids because
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Fig. 2. Intracellular signaling
pathways of insulin action in a target
cell.
Akt, serine/threonine protein kinase;
Grb2, growth factor receptor-bound
protein 2; INSR, insulin receptor;
IRS1/2, insulin receptor substrate
1/2; MAPK, mitogen-activated
protein kinase; P, phosphorylation;
PDK-1, phosphoinositide-dependent
kinase 1; PI3K, phosphoinositide 
3-kinase; Ras, Ras protein.



they are made of four rings A, B, C and D (the B ring is broken)
and a side chain. In humans, two major isoforms of vitamin D
are vitamin D2 (VD2; ergocalciferol) and vitamin D3 (VD3;
cholecalciferol) (44, 45). Natural sources of VD2 are plants and
fungi, while VD3 is synthesized endogenously in the organism
(80%) or obtained from food (20%) such as fatty fish, fish liver
oil, egg yolks, milk, soy milk and butter (46-48).

The process of VD3 activation is multistage (Fig. 3). VD3

(cholecalciferol) is synthesized from 7-dehydrocholesterol in the
skin. Due to the fact that VD3 itself is not biologically active, the
first stage of its bioactivation occurs in the liver, where its
hydroxylation to 25-hydroxyvitamin D3 (25(OH)D3; calcidiol)
by 25-hydroxylases (e.g. CYP2R1 and CYP27A1) takes place.
Calcidiol is transported to the kidney and undergoes final
bioactivation via hydroxylation to 1α,25-dihydroxyvitamin D3

(1α,25(OH)2D3, calcitriol) by 1α-hydroxylase (CYP27B1) (49).
Calcitriol, the most biologically active form of VD3, enters the
circulation and exerts biological effects at target tissues.
Calcidiol and calcitriol are subjected to a mechanism that tightly
regulates their levels in the organism, involving inactivation by
24-hydroxylase (CYP24A1) to, for example calcitroic acid,
which is excreted in the bile (49).

Among all VD3 forms, only calcitriol is biologically active
and activates VD3 receptor (VDR) in target tissues (50). VDR
belongs to the superfamily of ligand-activated steroid hormone
receptors, acting as a transcription factor (51, 52). The genomic
mechanism of action begins with the formation of a calcitriol-
VDR complex, which further heterodimerizes with 9-cis-retinoic
acid receptor (RXR). The heterodimer calcitriol-VDR-RXR
translocates into the nucleus and binds to the vitamin D response

element (VDRE) inducing recruitment of transcriptional co-
activators or co-repressors that regulates the expression of target
genes (53). In the non-genomic pathway, calcitriol binds to VDR
located in cell membrane cavities or to a membranous receptor
identified as a membrane-associated rapid response steroid-
binding protein (1,25D3-MARRS) triggering a rapid cell
response (51, 54) (Fig. 3).

In humans and animals, the main function of VD3 is to
maintain calcium and phosphorus homeostasis through the
regulation of their absorption in the intestine, kidney and bone
(44). However, recent studies have shown that VD3 controls
many other cellular processes beyond those related to the bone
mineralization. Pleiotropic VD3 actions include effects on the
immune, cardiovascular, nervous and reproductive systems as
well as interplay with other hormones such as androgens,
estrogens and insulin (55-57).

INSULIN AND VITAMIN D3 - A DIRECT LINK

Results from human and animal diabetic studies showed an
association between VD3 deficiency and abnormal glucose
metabolism that was restored after insulin treatment (58, 59).
further studies provided the evidence that pancreatic β-cells
express VDR (60) and CYP27B1 enzyme (61), and they are
therefore both a target for and a source of VD3. In addition, the
human insulin gene promoter possesses VDRE and VD3 can
upregulate insulin gene transcription and enhance insulin
synthesis (62). These molecular background indicates a direct
link between VD3 and insulin action.
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Fig. 3. Vitamin D3 biosynthesis and mechanism of action in a target cell.
CYP2R1, 25-hydroxylase; CYP27A1, 25-hydroxylase; CYP27B1, 1α-hydroxylase; RXR, 9-cis-retinoic acid receptor; UV-B,
ultraviolet-B irradiation; VDBP, vitamin D3 binding protein; VDR, vitamin D3 receptor; VDRE, vitamin D response element.



Other research suggests additional indirect pathways by
which VD3 may influence insulin secretion. It is proposed that
VD3 regulates cell membrane calcium flux by increasing the
ATP/ADP ratio, leading to the closure of ATP-gated channels,
cell depolarization and exocytosis of secretory granules
containing insulin (63). furthermore, in pancreatic β-cells, VD3
was found to influence the synthesis and action of calbindin,
which is a VD3-dependent calcium-binding protein (64).
Increased intracellular free calcium may also protect against
inflammation-induced damage and apoptosis of β-cells (63). Of
particular importance, it was observed that VD3 deficiency
enhances insulin resistance in target tissues, such as skeletal
muscle and adipose tissue, due to diminished INSR expression
or inactivation of peroxisome proliferator-activated receptor
delta (PPAR-δ) involved in the mobilization of fatty acids (65).
Taking into account disturbed sensitivity of ovarian cells to
insulin in PCOS, the question arises of whether VD3 can
improve responsiveness of those tissues.

VITAMIN D3 IN POLYCYSTIC OVARY 
SYNDROME TREATMENT

It is generally considered that PCOS is associated with VD3

deficiency, suggesting its potential role in PCOS pathogenesis
(66). Although hypovitaminosis D3 was found among PCOS
patients, it was also associated with obesity (67). Recent data
have indicated various effects of VD3 on the ovarian, hormonal
and metabolic features observed in PCOS. Similarly to other
factors e.g., D3 might also reduce negative effects in
postmenopausal women (68, 69). Despite many studies showing
therapeutic effects of VD3 in PCOS, some research found a lack

of influence or contradicted these findings (66). The results from
clinical trials focused on the effects of VD3 supplementation on
hormonal and metabolic parameters in PCOS women and from
studies conducted on rodent PCOS models involving effects of
VD3 supplementation on reproductive and metabolic parameters
are presented in Tables 2 and 1.

Effect on the ovary and menstrual cycle

Considering the importance of VD3 action at the ovarian
level during PCOS, our latest study, conducted on letrozole-
induced PCOS rat model, revealed disturbed local ovarian VD3

metabolism. We found decreased expression of CYP27B1 and
reduced VD3 production in the ovary and periovarian adipose
tissue, indicating that the gonad seems to be an additional source
of VD3. Disruption of this biosynthesis might contribute to the
peripheral VD3 deficiency observed in PCOS women (70).

Using rat model of PCOS produced by
dehydroepiandrostenedione (DHEA) treatment, VD3 was found
to improve the morphology of the ovary by increasing the
number of tertiary follicles and decreasing the number of atretic
and cystic ones (71). Likewise, Kuyucu et al. (72) found a
positive effect of VD3 on structural changes occurring in cystic
follicles, including irregular zona pellucida, disjunction of
granulosa cells, attenuated granulosa cell layer and thick theca
cell layer, observed by means of electron microscopy.
Additionally, they showed that the plasma anti-Muellerian
hormone (AMH) concentration, which was higher in the PCOS
group than in the control group, decreased following VD3

treatment (72). AMH is a member of the transforming growth
factor β (TGfβ) superfamily, which is produced by the granulosa
cells of preantral and early antral follicles. It inhibits the
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Study/Reference Species PCOS 
inductor 

Sample 
Size Intervention / Regimen Duration Results 

Celik et al. 
(71) Rat DHEA N = 24 

DHEA+VD3 group - 6 mg/kg/day 
DHEA and 120 ng/100 g/week 
1,25(OH)2D3 vs. DHEA group 

(PCOS group) - 6 mg/kg/day DHEA 

28 days 

Compared to PCOS group, VD3 supplementation 
resulted in lowering of FSH, LH levels, LH/FSH ratio, 
testosterone levels and decrease the number of atretic 

and cystic follicles. 

Kuyucu et al. 
(72) Rat DHEA N = 24 

DHEA+VD3 group – 6 mg/kg/day 
DHEA and 120 ng/100g  

1,25(OH)2D3 vs. DHEA group 
(PCOS group) - 6 mg/kg/day DHEA 

28 days 

Compared to PCOS group, VD3 supplementation 
resulted in lowering of serum AMH, testosterone, 

FSH, LH levels, LH/FSH ratios, AMHR2 expression 
in atretic and premature luteinized antral follicles. 

Structural changes such as: degenerative changes in 
developing follicles, cystic follicles and lipid 

accumulation in the interstitial cells were improved 
with VD3 treatment. 

Bakhshalizadeh et al. 
(85) Mouse DHEA N = 20 

DHEA group (PCOS group) -  
6 mg/100 g/day DHEA. 

Granulosa cells of DHEA-induced 
PCOS mice were then cultured with 

and without vitamin D3 (100 nM) 

20 days 

Compared to PCOS group, VD3 supplementation 
resulted in lowering of mRNA and protein expression 

levels of steroidogenic enzymes: CYP11A1, StAR, 
CYP19A1, 3β-HSD and aromatase and 3β-HSD 

activity that leads to decreased estradiol and 
progesterone release. 

Bakhshalizadeh et al. 
(86) Mouse DHEA N = 40 

DHEA group (PCOS group) -  
6 mg/100 g/day DHEA. 

Granulosa cells of DHEA-induced 
PCOS mice were then cultured with 

and without vitamin D3 (100 nM)  

20 days 

Compared to PCOS group, VD3 supplementation 
resulted in lowering of mRNA expression levels of 

steroidogenic enzymes: StAR, Cyp11a1, Cyp19a1, 3β
HSD and estradiol and progesterone levels. VD3 could 

activate AMPK signaling pathway. 

Behmanesh et al. 
(90) Rat EV N = 40 

EV+VD3 group - 2 mg/kg/day EV 
and 1 mg/kg/day VD3 vs. EV group 

(PCOS group) - 2 mg/kg/day EV 

60 days 
(induction 

PCOS) 
15 days 
(suppl. 
VD3) 

Compared to PCOS group, VD3 supplementation 
resulted in an increase in the number of ovarian 

follicles at the different stages and the number of 
normal follicles. Testosterone, LH, glucose and insulin 
concentrations, and insulin resistance decreased, while 
FSH, estradiol, progesterone concentrations increased 

after VD3 treatment. 
 

                 
                     

                
 

Table 1. The results of studies involving vitamin D3 (VD3) supplementation in rodent models of polycystic ovary syndrome (PCOS)
on reproductive and metabolic parameters.

Abbreviations: AMH, anti-Mullerian hormone; AMHR2, anti-Muellerian hormone type-2 receptor; AMPK, AMP-activated protein
kinase; DHEA, dehydroepiandrostenedione; EV, estradiol valerate;  fSH, follicle-stimulating hormone; LH, luteinizing hormone;
StAR, steroidogenic acute regulatory protein; 3β-HSD, 3β-hydroxysteroid dehydrogenase/Δ5-Δ4 isomerase; CYP11A1, cholesterol
side-chain cleavage enzyme; CYP19A1, cytochrome P450 aromatase.



recruitment of primordial follicles to growth and the response of
antral follicles to fSH (73), contributing to anovulation in PCOS
women (74). The presence of VDRE on AMH gene promoter
region provides a basis of a direct VD3 and AMH interaction
(75). Indeed, VD3 supplementation led to significant increase in
serum AMH in healthy women (76). On the other hand, studies
conducted on an-ovulatory PCOS patients (76) together with
above findings by Kuyucu’s et al. (72) revealed decreased serum
AMH level following VD3 treatment. Although these findings
seem to be contradictory, the different follicular environment
and ovulatory status of PCOS and healthy women should be
considered. In PCOS, the high AMH concentration reflects the
numerous cohort of arrested small antral follicles, while VD3 has
been shown to improve folliculogenesis and ovulation in these
women (75) that could explain diminished AMH level observed
in PCOS patients. Another plausible explanation could be
genetic variations in PCOS women, indicating the association
between polymorphisms fok1 (rs2228570) and Apa1
(rs7975232) in VDR gene and elevated AMH level (77).
Noteworthy, PCOS, increased numbers arrested follicles and
AMH level have been identified as a risk factors for ovarian
hyperstimulation syndrom (OHSS) (78).

There is growing evidence that VD3 influences the menstrual
cycle and may therefore play an important role in female
reproductive function. It has been observed that VD3 deficiency
in PCOS is associated with calcium dysregulation: this leads to
follicular arrest and menstrual dysfunction (79). Investigation of
premenopausal women with chronic anovulation and
hyperandrogenism showed that VD3 and calcium administration
during metformin therapy resulted in normalization of the
menstrual cycle (80). Jafari-Sfidvajani et al. (81) carried out
randomized controlled clinical trial on the effect of VD3 coupled
with a low calorie diet in PCOS women with VD3 insufficiency.
Women who received VD3 reported either a normalization or an
improvement in the regularity of their menses (81). Wehr et al.
(82) also described a positive effect of VD3 on the menstrual
regulation in PCOS women. They observed that VD3 treatment
in women with previous menstrual disorders led to the
normalization of menstrual pattern in 50% of patients (82). It is
suggested that VD3 and calcium may influence the conversion of
testosterone to estradiol through upregulation of CYP19A1
expression in the granulosa cells of the PCOS ovary, and
therefore normalize androgen and estrogen concentrations (83-
85). Bakhshalizadeh et al. (86), using a mouse model of PCOS,
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Study/ 
Reference Population Sample Size Intervention/ 

Regiment Duration Results 

Wehr et al. 
(82) 

PCOS patients  
(Graz, Austria). 

PCOS diagnosis based on 
Rotterdam criteria. 

N = 57 
Non-randomized 

PCOS women received 
20,000 IU 

cholecalciferol weekly 
vs. condition before 

treatment 

24 weeks 

VD3 supplementation resulted in a decrease of 
fasting and stimulated glucose, C-peptide, 

triglycerides and estradiol levels, whereas total 
cholesterol and LDL levels significantly increased. 

No changes in androgen level were observed. 

Selimoglu et al. 
(91) 

Obese PCOS patients 
(Bursa, Turkey). 

PCOS diagnosis based on 
Rotterdam criteria. 

N = 11  
Non-randomized 

PCOS women received  
Devit 3 amp, containing 

300,000 IU VD3 vs. 
condition before 

treatment 

3 weeks 

Administration of the single dose of VD3 resulted in  
a non-significant decrease in glucose and insulin 
levels, but HOMA-IR decreased significantly. No 
significant alterations were witnessed at the levels 

of DHEAS, TST, fTST and androstenedione. 

Dravecka et al. 
(92) 

Obese, insulin resistant and 
VD3 deficient PCOS 

patients 
(Košice, Slovakia). 

PCOS diagnosis based on 
Androgen Excess Society 

criteria. 

N = 39  
Randomized 

PCOS women received: 
group 1 - 1 µg 

alfacalcidiol per day, vs. 
group 2 - combined 

therapy 1 µg of 
alfacalcidiol and 

metformin in dose 
1.700–2.550 mg daily 

vs. group 3 - metformin 
1.700–2.550mg per day 

vs. condition before 
treatment 

6 months 

In the group 2, a significant decrease in TST level 
and slight but not significant decrease in the group 

3 was observed. In all three groups were no 
significant changes in other parameters (fTST, 

DHEAS, LH, LH/FSH) or acne and hirsutism. VD3 
administration has no significant effect on androgen 
levels and clinical features of hyperandrogenism in 
PCOS women. However, it can potentiate effect of 
metformin on testosterone levels and LH/FSH ratio 

but not on clinical hyperandrogenism. 

Gupta et al. 
(100) 

PCOS patients  
(New Delhi, India). 

PCOS diagnosis based on 
Rotterdam criteria. 

N = 50  
Randomized 

PCOS women received 
12,000 IU VD3 weekly 

vs. placebo 
12 weeks 

Compared to placebo, VD3 supplementation 
resulted in lowering of HOMA-IR, insulin levels, 

and also reduction QUICKI. 

Dastorani et al. 
(101) 

Infertile PCOS patients 
who were IVF candidates 

(Kashan, Iran). 
PCOS diagnosis based on 

Rotterdam criteria. 

N = 40  
Randomized 

PCOS women received 
50,000 IU VD3 weekly 

vs. placebo 
8 weeks 

Compared to placebo, VD3 supplementation 
resulted in significantly lower serum AMH, insulin 
levels, HOMA-IR, total cholesterol and LDL level 

and improved QUICKI. 

Ardabili et al. 
(103) 

VD3 deficient PCOS 
patients 

(Tabriz, Iran). 
PCOS diagnosis based on 

Rotterdam criteria. 

N = 50  
Randomized 

PCOS women received  
3 doses of 50,000 IU 

VD3 (1 every 20 days) 
vs. placebo 

2 months 
Compared to placebo, VD3 supplementation 

resulted in no significant serum insulin and glucose 
levels, the insulin sensitivity and HOMA-IR. 

Garg et al. 
(104) 

PCOS patients 
(New Delhi, India). 

PCOS diagnosis based on 
Rotterdam criteria. 

N = 36  
Randomized 

PCOS women received 
120,000 IU VD3 

monthly + metformin 
(1500 mg/day) vs. 

placebo + metformin 
(1500 mg/day) 

6 months 

Compared to placebo, VD3 supplementation 
resulted in no significant differences in any of the 

parameters of IS/IR (area under curve-glucose, area 
under curve-insulin, insulin:glucose ratio, HOMA-

IR, Matsuda index, insulinogenic index, and 
disposition index), insulin secretion (by 

insulinogenic index - II30) and cardiovascular risk 
factors. 

Table 2. The results of interventional clinical trials focused on the effects of vitamin D3 (VD3) supplementation on hormonal and
metabolic parameters in women with polycystic ovary syndrome (PCOS).

Abbreviations: LDL, low-density lipoprotein; (HOMA)-IR, the homeostasis model assessment of insulin resistance; QUICKI, quantitative
control of insulin sensitivity; TST, total testosterone; fTST, freetestosterone; DHEAS, dehydroepiandrosterone sulphate; LH, luteinizing
hormone; fSH, follicle-stimulating hormone; AMH, anti-Müllerian hormone; IS, insulin sensitivity; IR, insulin resistance.



suggested that VD3 modulates steroidogenesis in granulosa cells
by regulating AMP-activated protein kinase (AMPK). This
could be a molecular mechanism underlying the improvement of
follicle maturation and ovulation in PCOS following VD3

treatment.

Effect on hyperandrogenism

The main symptom of PCOS is a hyperandrogenism, which
occurs in two forms: a biochemical form characterized by
increased concentration of androgens, and a clinical form
characterized by hirsutism and/or acne. Some studies indicated
that VD3 deficiency might contribute to the development of
hyperandrogenism in PCOS women (87-89). Therefore, it can be
hypothesized that VD3 exerts a therapeutic effect on
hyperandrogenism. Research on DHEA-induced PCOS rats
showed that VD3 administration resulted in significant decreases
in fSH and LH levels and in the LH/fSH ratio. Plasma
testosterone concentration was also lower than in PCOS rats as
expected (71, 72). Another study by Behmanesh’s et al. (90)
revealed that VD3 significantly decreased LH and testosterone
concentrations and increased fSH, estradiol and progesterone
concentrations in rats with PCOS induced by estradiol valerate.

There are a few randomized, controlled clinical trials in
women showing the effect of VD3 supplementation on
hyperandrogenism. Selimoglu et al. (91) and Wehr et al. (82)
detected no changes in testosterone, androstenedione or
dehydroepiandrosterone sulfate (DHEAS) following VD3 in
PCOS patients, when compared with a control group. On the
other hand, Dravecka et al. (92) examined the influence of VD3

supplementation in VD3 deficient and insulin resistant PCOS
women on clinical and biochemical hyperandrogenism, in
comparison to metformin or metformin + VD3 therapy. They
found that VD3 administration did not significantly affect
androgen concentration or the clinical features of
hyperandrogenism such as acne or hirsutism. Nevertheless, VD3

may potentiate the effects of metformin on the LH/fSH ratio and
testosterone level, but not on clinical hyperandrogenism (92).

Effect on insulin resistance, hyperinsulinemia and lipid profile

PCOS is frequently associated with insulin resistance,
hyperinsulinemia, dyslipidemia, and elevated concentrations of
total cholesterol, triglycerides and low density lipoproteins
(LDL) (93, 94). The role of VD3 in the insulin sensitivity and
insulin secretion has been established by in vivo studies. The
main methods of measuring insulin sensitivity and the
development of diabetes are the homeostasis model assessment
of insulin resistance (HOMA-IR) and homeostasis model
assessment of β-cell function (HOMA-B) indices (95, 96). These
studies have shown that VD3 deficiency is associated with
impaired glucose clearance and insulin secretion (97-99). Thus,
VD3 supplementation might be helpful in the reduction of insulin
resistance and metabolic syndrome in PCOS.

Using the estradiol valerate-treated rat model of PCOS,
Behmanesh et al. (90) found that VD3 may improve insulin
sensitivity and decrease fat mass and obesity. Serum
concentrations of glucose and insulin were significantly
decreased. HOMA-IR was reduced in the rats following VD3

administration, and there were decreased LDL and total
cholesterol concentrations, and increased high density
lipoproteins (HDL) concentration (90).

A number of randomized, controlled clinical trials have
demonstrated a therapeutic effect of VD3 on insulin resistance
and lipid profiles in PCOS women. Gupta’s et al. (100) showed
that VD3 supplementation significantly reduced HOMA-IR and
insulin levels, and also found a significant reduction in the

quantitative control of insulin sensitivity (QUICKI) (100).
Similarly, Wehr et al. (82) observed improved glucose
metabolism in response to VD3 supplementation. In another
study, infertile women with PCOS, who were candidates for in
vitro fertilization, showed beneficial effects of VD3 on insulin
metabolism and some lipid profile parameters (101). This study
demonstrated that VD3 supplementation significantly decreased
insulin level, HOMA-IR, serum total cholesterol and LDL
concentrations, while markedly increasing QUICKI compared
with placebo (101). The latest meta-analysis reported that VD3

reduced insulin resistance and improved the lipid metabolism of
PCOS women (102). On the other hand, there are also studies
with contradictory findings. Ardabili et al. (103) demonstrated
no significant changes in serum insulin and glucose
concentrations, insulin sensitivity or HOMA-IR following VD3

supplementation. In another study, treatment with VD3 had no
significant effect on insulin secretion or insulin resistance (104).
Noteworthy, significantly decreased VD3 level was found in
obese compared with lean PCOS patients, suggesting that
hypovitaminosis D3 results from obesity (105). However, this
relationship is difficult to unequivocal evaluation making a
vicious circle. Deeper understanding of vitamin D3 molecular
involvement in processes related to insulin signaling and insulin
resistance is needed.

Numerous clinical studies performed on PCOS patients and
research conducted on animal PCOS models emphasize a close
relationship between VD3 and insulin in this endocrine disorder.
Supplementation with VD3 has been shown to improve tissue
insulin sensitivity and decrease plasma insulin concentration in
PCOS women. Although VD3 deficiency is often an
accompanying symptom of PCOS, it is linked predominantly with
the obesity that is associated with insulin resistance. Therefore,
which is comes first in PCOS: insulin resistance or VD3

deficiency? Bearing in mind that local ovarian VD3 synthesis is
disrupted in PCOS, a further question is whether VD3

supplementation could reduce insulin resistance in the ovary. This
is a missing link in the complex interaction between insulin and
VD3 in PCOS and is an important challenge for future research.
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