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Abstract

Introduction
Polycystic ovarian syndrome (PCOS) is one of the most common 
endocrinopathies in reproductive-aged women, and is often associated 
with insulin resistance (IR), obesity, and dyslipidemia. It is characterized 
by hyperandrogenism that can be manifested by hirsutism, acne, 
seborrhea, alopecia, menstrual irregularity, obesity and ovarian cysts. 
This syndrome modulates the metabolic and hormonal processes, 
increasing the risk of infertility in these women. Its treatment is directed 
towards regularizing menstruation and recovering fertility, and in this 
context vitamin D may play a key role in the adjuvant of this treatment.

Objective
The present study aims to review the literature the effects of vitamin D 
supplementation on Polycystic Ovarian Syndrome (PCOS).

Methods
We searched for keywords related to the topic on the PubMed, Lilacs, 
and Scopus databases with articles published between 2005 and 2017. 

Results
A high percentage of women diagnosed with PCOS present serum 
concentrations of 25 (OH) D <20 ng/ml. Evidence shows the relationship 
between metabolic changes and vitamin D deficiency from low 
concentrations of 25 (OH) D associated to insulin resistance, ovulatory 
and menstrual irregularities, lower gestational success, hirsutism, 
hyperandrogenism and obesity.

Conclusion
Studies have demonstrated beneficial effects of vitamin D 
supplementation in patients with PCOS, since there is in fact a relationship 
between vitamin D and reproductive function, evidenced by low serum 
25 (OH) D levels associated with ovulatory and menstrual irregularities, 
however more intervention studies are needed.

Introduction

Polycystic Ovarian Syndrome (PCOS) is a heterogeneous set of signs 
and symptoms that form a spectrum of a mild syndrome in some 
symptoms, but with severe endocrine and reproductive disorders, as 
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well as metabolic functions, and is therefore considered one of 
the most common endocrinopathies [1] in reproductive-aged 
women. It is often characterized by hyperandrogenism, which 
can be manifested by hirsutism, acne, seborrhea, alopecia, 
menstrual irregularity, obesity, and ovarian cysts [2].

PCOS classification is based on the two classifications most 
used in clinical practice; one published in 1990 by the National 
Institute of Health (NIH), and the second in 2003 published 
by Rotterdam, which reviewed the criteria established by 
NIH and advocates the diagnosis of PCOS if two of the three 
fundamental characteristics are identified: oligomenorrhea or 
an ovulation, clinical and biochemical hyperandrogenism and 
polycystic ovaries [3].
In recent decades some investigations have revealed different 
underlying mechanisms involved in the pathogenesis of this 
syndrome [3-5]. Several studies have been undertaken to clarify 
the pathophysiology of PCOS, seeking to establish criteria for 
diagnosis, and consequent appropriate therapeutic intervention. 
It is believed that its etiopathogenesis is due to factors of 
genetic origin triggered by environmental factors, where the 
type of genetic inheritance is probably polygenic, in which the 
genes most frequently associated with PCOS are those related 
to biosynthesis, action and regulation of androgens and those 
involved in insulin resistance (IR), chronic inflammatory process 
and atherosclerosis [6-8].

PCOS presents reproductive complications such as risk of 
infertility, and metabolic diseases that include IR, obesity, 
dyslipidemia and metabolic syndrome (MS). The treatment of 
women with PCOS is directed towards regularizing menstruation 
and recovery from fertility, where vitamin D may play a key role in 
this treatment [9,10].

Vitamin D is involved in several vital cellular processes, such 
as: cell differentiation and proliferation, hormonal secretion 
(for example: insulin), in the immune system, and in several 
chronic non-transmissible diseases such as diabetes mellitus 
type 2 (DM2), hypertension and obesity [11,12]. Consequently, 
the vitamin D deficiency may have a negative impact on 
glucose homeostasis, cardiovascular disease (CVD), cancer, 
autoimmune diseases, and also psychological disorders, and 
potentiate symptoms of reproductive diseases [13,14].

Associations between vitamin D concentrations and symptoms 
of PCOS have been reported including IR, infertility and 

hirsutism. Vitamin D influences the development of PCOS by 
gene transcription, and fertility regulation. In addition, there have 
been reports low concentrations of this vitamin in women with 
PCOS [15-18].

Vitamin D is a fat soluble vitamin and is also considered 
an important hormone for calcium homeostasis and bone 
metabolism, having two main forms: vitamin D2 (calciferol) 
and vitamin D3 (cholecalciferol). The main source of vitamin D 
is exposure to ultraviolet B radiation (95%), and the main food 
sources are meats and viscera, fish, eggs and dark green leafy 
vegetables [19].

Thus, diet quality interferes with the endocrine and metabolic 
abnormalities present in women with PCOS, in which there is a 
complex interrelationship between different nutritional factors 
and endocrine conditions, and where it is clear that diet plays 
a key role in regulating the metabolism of sexual steroids [20]. 
Considering the importance of identifying nutritional disorders 
as a cause or consequence of PCOS, this literature review aims 
to evaluate vitamin D supplementation in PCOS.

Methods

 A search was conducted using PubMed, Lilacs and Scopus. 
The Health Sciences Descriptors were used for this research. 
Combinations of the search terms “Polycystic Ovary Syndrome”, 
“Vitamin D”, “Supplementary feeding”, “Hyperandrogenism”, 
“Ovulation”, “Fertility”, “Obesity”, “Insulin Resistance” and 
“Dyslipidemia” were used. The bibliographic search was 
performed between the months of July and November 2017. 
After the general consultation in the databases were considered 
only articles published in Portuguese, English and Spanish, 
available for between the years 2005 and 2017.

Results and Discussion

We found beneficial effects of vitamin D supplementation on 
the reproductive function of women with PCOS (Table 1). The 
intervention/observation studies aimed to analyze the role of 
vitamin D supplementation in women with PCOS, evaluating 
aspects of different vitamin D dosages as well as studies that 
evaluated the effect of this supplementation simultaneously 
with the use of calcium and/or metformin, analyzing its effects 
on female reproductive function, hyperandrogenism, IR and CVD 
risk, which are frequently found alterations in women with this 
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syndrome. 

The results showed that there was an improvement in the 
reproductive function of these women (increase in pregnancy 
rates, improvement of menstrual frequency, regulation of 
menstrual cycles), decrease of free testosterone, and an 
increase of sex hormone-binding globulin (SHBG), meaning 
there was improvement in hyperandrogenism. Furthermore, 
it was also observed that the supplementation of 25 (OH) D 
increased insulin secretion, consequently improving the IR in 
these women, in addition to increased HDL-c concentrations 
and decreased triglycerides, thus reducing the risks of these 
women to develop CVD [21-28].

This suggests that there is indeed a relationship between 
vitamin D and reproductive function, noting that low serum 
concentrations of 25 (OH) D are associated with ovulatory 
and menstrual irregularities. Also, high vitamin D levels were 
associated with a higher probability of successful pregnancies, 
and a beneficial effect of vitamin D supplementation on 
menstrual dysfunction [29].

PCOS has been considered as a chronic systemic syndrome, 
and is often associated with IR, hyperandrogenemia, chronic 
inflammation and oxidative stress, although the pathogenic 
mechanism of this syndrome is not well defined [30-32].

In PCOS, therapeutic orientation is based on measures related 
to lifestyle changes (such as dietary guidance and exercise, 
which will result in weight loss). Weight loss helps to improve 
symptomatology and restore ovarian and metabolic function 
in overweight or obese women with PCOS. A small weight 
reduction (5%) is able to improve hyperandrogenism and the 
anovulation pattern present in patients with this syndrome. 
Thus, an evaluation of nutritional status and dietary intake of 
PCOS women becomes an important tool to guide nutritional 
intervention strategies [33].

Recently there has been a focus on adjunctive treatment in 
PCOS. In fact, it was found that women with PCOS have a high 
prevalence of vitamin D deficiency, and correlations of the serum 
25 (OH) D concentration with various metabolic symptoms have 
also been demonstrated in this syndrome. This suggests that 
vitamin D may play a role in PCOS pathogenesis [29].

The main physiological function of vitamin D is to regulate the 

homeostasis of calcium and phosphorus, and to promote bone 
health. However, vitamin D may also be critical to a variety of 
important actions in the pathogenesis of endocrine system 
diseases [34].

In addition to its role in calcium homeostasis and bone 
metabolism, vitamin D deficiency can cause a wide range of 
effects with negative impacts on glucose homeostasis, CVD 
and potentiate the symptoms of reproductive diseases; it is 
also related to cancer, autoimmune diseases and psychological 
disorders [13].

Studies have demonstrated associations between 25 (OH) 
D concentrations and various symptoms of PCOS, including 
IR, infertility and hirsutism. Vitamin D influences PCOS 
development by transcription of genes related to PCOS, and 
hormonal modulation influences insulin metabolism and fertility 
regulation. Evidence suggests that serum vitamin D levels are 
similar in women with and without this disease; however, there 
have been reports of lower concentrations observed in women 
with PCOS [15,35].

The prevalence of vitamin D deficiency in women with PCOS is 
approximately 67-85%, with serum concentrations of 25 (OH) 
D <20 ng/mL [4]. Although there is no significant difference in 
25 (OH) D concentrations between PCOS and control women 
(no PCOS), a high prevalence of vitamin D deficiency has 
been associated with MS, which can have a major impact on 
public health. However, low concentrations of 25 (OH) D may 
exacerbate the symptoms of PCOS, as observed in Figure 1 [35].

Evidence demonstrates the beneficial role of vitamin D in a 
pathological process spectrum including DM2, CVD, cancer and 
immune diseases. There are reports of an association between 
vitamin D and hyperandrogenism which predominates in PCOS, 
an association that recent clinical studies have established a 
low prevalence of vitamin D with metabolic disorders in PCOS 
[36-40].

In one study, women with normal ovulation had higher 
concentrations of vitamin D than women with PCOS, where 25 
(OH) D deficiency was associated with lower rates of follicular 
development during pregnancy in women with PCOS. Thus, 
women with PCOS and hirsutism have lower concentrations 
of 25 (OH) D than women without this condition, which can be 
explained by an association of vitamin D and androgens [40].
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There is evidence that vitamin D plays an important role 
in reproductive function, in which vitamin D deficiency is 
associated with calcium deregulation. This contributes to the 
development of follicular decline in women with PCOS and 
results in menstrual dysfunction and infertility [12,41].

Two observational studies investigated vitamin D concentrations 
in infertile women, some of whom had PCOS. In one study (n = 
67), 13 women with PCOS had much lower concentrations of 25 
(OH) D than infertile women with normal ovulation [12,15].

Considering metabolic changes, in a cross-sectional study 
(2016) of women with PCOS and low levels of 25 (OH) D, 
they presented significantly increased IR, increased intra and 
intermuscular adipose tissue and triglycerides, as well as 
vitamin D supplementation. Over 12 weeks of intervention there 
were significant decreases in fat mass and improvements in 
insulin sensitivity [42].

In another intervention in 2016 evaluating 44 women with PCOS, 
it was observed that there was an improvement in IR through 
vitamin D supplementation, in addition to an increase in HDL 
in these women. Thus, a low 25 (OH) D state is considered to 
be a risk factor for glucose, IR and DM2 tolerance. Recent data 
suggest a beneficial role of vitamin D in improving glucose 
metabolism and frequency observed after supplementation [36].

Insulin resistance and hyperinsulinemia
In women with PCOS, the metabolic phenotype includes 
hyperinsulinemia with dysfunction in beta-pancreatic cells, IR and 
obesity, in which these metabolic abnormalities often precede 
DM2. Hyperinsulinemia stimulates androgen production and 
secretion by follicular cells and reduces the concentration of the 
SHBG, which increases free androgens and further aggravates 
the symptoms of PCOS. Thus, there is a strong association 
between hyperinsulinemia and hyperandrogenemia [4].

Insulin is the primary hormone mediator of energy storage, 
and at the same time hyperinsulinemia becomes common in 
PCOS. It is unclear whether this is due to excessive secretion 
of insulin, decreased clearance of insulin, or both. Persistently 
high concentrations of insulin may result in lack of sensitivity 
of the target cells over time, which aggravates hyperinsulinemia 
and increases the potential for beta-pancreatic cell dysfunction. 
Thus, research has shown that methods that limit or reduce 

hyperinsulinemia in insulin resistant individuals have the 
potential to treat or prevent obesity and PCOS-related diseases 
[43].

The considerable overlap between the reproductive and 
metabolic characteristics of PCOS implies a dysfunction of 
adipose tissue as a fundamental characteristic of the syndrome. 
It is important to note that both eutrophic and obese women 
have abnormal adipose tissue morphology and function, as 
evidenced by decreased adiponectin secretion, and these 
factors are strongly associated with IR [4].

Central obesity is a main characteristic of MS, and is directly 
related to an increase in IR, demonstrating that IR is also 
responsible for developing polycystic ovaries, although obesity 
is the main cause. Thus, the pathogenic determinants of PCOS 
include IR and beta-pancreatic cell dysfunction; therefore, 
women with this syndrome are at an increased risk of developing 
DM2 [10].

Obesity
Obesity is a prevalent characteristic in PCOS reaching about 30-
70% of these women [44,45]. There is variability in the prevalence 
of overweight in obese and PCOS women in populations 
from different countries. The highest prevalence of obesity is 
reported in studies conducted in the United States and Australia, 
with 61-76% of women with PCOS considered to be obese. 
Women with PCOS are more likely to have fat distribution in the 
upper body compared to control groups matched by weight. 
Increased abdominal or visceral adiposity is associated with 
higher IR, which may exacerbate reproductive and metabolic 
abnormalities in PCOS [46].

It is known that obesity is associated with PCOS, but its causative 
role in this condition still needs to be determined. Few studies 
report the association between BMI and menstrual irregularity, 
and randomized trials have been conducted on lifestyle 
interventions, but these suggest significant reproductive and 
metabolic benefits [46].

It should be noted that obesity is common in more than half of 
women with PCOS, where the central fat distribution (android 
obesity) aggravates the risks of DM2 and CVD. In addition, 
fatty tissue secretes bioactive cytokines and adipocytokines, 
including adiponectin, leptin, and resistin, following an 
association between the unregulated expression of leptin and 
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the onset of obesity-related pathologies, including SOP [47].

Obesity aggravates comorbidities of PCOS such as hypertension, 
DM2, hypercholesterolemia and CVD. Ovulation in PCOS leads to 
the secretion of estrogen, which is a risk factor for endometrial 
hyperplasia and carcinoma. In addition, PCOS reduces quality of 
life, causes depression, anxiety, obesity, infertility, and hirsutism. 
Depression is detected in 40% of women with PCOS, and the 
incidence of suicide is increased by up to 7 times in women with 
PCOS [48].

Therefore, weight control and diet are important components 
in the treatment of PCOS, where a reduction of weight by 
hypocaloric diet leads to an improvement in body composition, 
reducing fat mass, abdominal fat and waist circumference in 
women with PCOS who are overweight and obese [20].

The difficult condition in weight loss in women with PCOS is due 
both to the reduction observed in postprandial thermogenesis, 
which is also correlated with the degree of reduction in insulin 
sensitivity, or to specific dietary behaviors such as disorders 
and eating patterns (desires for hypercaloric foods) that are 
observed among overweight/obese women with PCOS. With 
this, the first-choice treatment for PCOS includes dietary 
and lifestyle interventions to promote healthy weight. In such 
cases, even modest body weight loss of 2 to 5% can restore 
ovulation, improve the reproductive hormone profile and achieve 

improvement in the insulin sensitivity of these women [49].

There is evidence that reducing body mass in women with 
PCOS is effective in improving insulin sensitivity, knowing that 
IR seems to play a key role in the pathophysiology of PCOS [50].

Dyslipidemia
The metabolic disorder in PCOS is recognized by IR and 
hyperinsulinemia, glucose intolerance and dyslipidemia, the 
latter being marked by an increase in low-density lipoprotein 
(LDL-cholesterol) and triglycerides, and a decrease in high-
density lipoproteins (HDL-cholesterol) [51].

Hyperinsulinemia decreases the expression of lipoprotein lipase 
(LPL), an enzyme responsible for lipolysis in skeletal muscle, 
but increases the expression of LPL in adipose tissue, in which 
the high activity of LPL in adipose tissue coupled with low LPL 
activity in muscle lipolysis in adipocytes results in high circulating 
concentrations of fatty acids that compromise insulin signaling 
and lipid oxidation in skeletal muscle. This reduced LPL activity 
and subsequently reduced lipid oxidation have been associated 
with weight gain in prospective studies. Therefore, reducing the 
use of lipids as an energy substrate has the potential to further 
increase metabolic dysfunction in PCOS [52].

Dyslipidemias are changes in lipoprotein metabolism (LP) 
also frequently associated with PCOS. Epidemiological 

Study n = Intervention
Durationofintervention/

observation

25OHD before 

treatment (ng/mL)

25OHD after 

treatment 

(ng/mL)

ReproductiveFunction Hyperandrogenism InsulinResistance Risk for CVD

Rashidi et 

al [21].
60

- 1000mg calcium + 400 UI of vitamin D/day;

- 1000mg calcium + 400 UI vitamin D + 1500mg metformin/

day; OR 1500mg metformin/day

3 months NA NA

Increase in the number of ovarian follicles;

Increase in pregnancy rates;

Menstrual regulation.

NA NA NA

Kotsa et al [22]. 15 1mg of 1-α-hydroxy vitamin D3/day 3 months 15.15 ± 1.84 28.62 ± 1.65 NA NA
Increase in 

insulinsecretion

Increase in HDL; Decrease 

in triglycerides

Selimoglu et 

al. [23].
11 Single dose of vitamin D3 3 weeks 16.9 ± 16 37.1±14.6 6womenbecamepregnant

Decrease in free testosterone and 

androstenedione.

Decrease in the 

insulin levels
NA

Wehr et al [24]. 46 20,000 UI de colecalciferol semanalmente 24 weeks 28 ± 11 52.4 ± 21.5

23 women with oligo or amenorrhea 

improved menstrual frequency;

4womenconceivedpregnancy

Decrease in free testosterone;

Increased SHBG

Decrease in 

glucose during 

fasting.

Decrease in triglycerides 

Increase in cholesterol 

and LDL

Firouzabadi et 

al [25].
100 1000 UI de vitamina D por mês 6months NA NA

Menstrual regularity achieved six months 

after the intervention
Improvementofhyperandrogenism NA NA

Pal et al [26]. 12 3533 UI de vitamina D por dia + 530 mg de cálcio 3months 26.17 ± 4.82 28.58 ± 6.30 Hormonal improvement NA NA NA

Raja-Kahn et 

al [27].

28 12000 UI de vitamina D3 por dia 12 weeks 19.95 ± 9.47 67.36 ± 28.62 NA NA Improvement in IR NA

Razavi et al 

[29].
60 200 UI de vitamina D por dia 8weeks 14.4 ± 2.9 19.7 ± 3.1 Hormonal improvement

Reduction in free testosterone; 

DHEAS decrease
NA NA

Fang et al [29]. 13 400-12000 UI of vitamin D per day + 1500 mg of metformin NA NA NA
Improvement in follicular development; 

Menstrual cycle regulation
NA NA NA

Table 1:   Effect of vitamin D supplementation in women with PCOS in different studies.

*NA (Not Applicable).
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studies report that high concentrations of serum cholesterol 
are positively related to coronary heart disease, whereas high 
concentrations of HDL have a protective action for CVD. Similar 
to hyperinsulinemia, these disorders of lipoprotein metabolism 
reveal an isolated relationship with the syndrome, and this 
relationship is more pronounced when concomitant with obesity 
[53]. Thus, PCOS becomes one of the most consistent factors 
predictors of HDL depletion [54].

Conclusion

The results of the present study show that vitamin D deficiency 
may be related to DM2, obesity, dyslipidemia, decreased 
gestational success, hirsutism and hyperandrogenism, and there 
is evidence of a beneficial effect of vitamin D supplementation 
on menstrual dysfunction. Therefore, there is a relationship 
between vitamin D and improvement in PCOS symptoms, 
since 25 (OH) D deficiency may play a role in exacerbating this 
syndrome. However, this literature review highlights the need 
for more prospective and interventional studies in humans that 
prove the effectiveness of adequate vitamin D status, both in 
PCOS prevention and treatment.
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