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A b s t r a c t

Introduction: There is increasing evidence that vitamin D affects insulin and 
glucose metabolism, and a low vitamin D status is suspected to be a risk 
factor for impaired glucose tolerance,  insulin resistance and so polycystic 
ovary syndrome (PCOS), but there is no evidence to suggest that there is a 
relationship between vitamin A, vitamin B12, vitamin C, folate, zinc (Zn) and 
PCOS in the literature. We aimed to investigate the levels of vitamins A, B12, 
C and D and zinc and the association between vitamins A, B12, C and D, folate 
and zinc level and hormonal-biochemical parameters in PCOS.
Material and methods: We recruited 65 women with PCOS and 67 healthy 
individuals. Correlations between clinical and metabolic parameters and vi-
tamins A, B12, C and D and zinc status were analyzed separately in patients
and controls.
Results: Women with PCOS showed a decreased serum level of vitamin A 
compared with the control group (p < 0.05), but they showed no differences 
in the levels of vitamin D, vitamin B12, vitamin C, folate or Zn (p > 0.05).
Conclusions: Our study found no differences in the absolute levels of serum 
vitamins B12, C, D, folate or Zn between PCOS patients and matched controls, 
but the vitamin A level was lower in PCOS patients. Prevalence of vitamins A, 
B12, C and D and Zn insufficiency was equally common among both patients 
and controls.

Key words: polycystic ovary syndrome, vitamin A, vitamin B12, vitamin C, 
vitamin D, folate, zinc.

Introduction

Polycystic ovary syndrome (PCOS) is a syndrome in which the etiol-
ogy is still unclear even today. This syndrome is considered to be pri-
marily a functional disorder of the ovary and many theories and mecha-
nisms have been put forward on its causes to date [1]. The most popular 
theory of the pathophysiology of PCOS is insulin resistance [2]. Great 
progress has been made in this regard by molecular and clinical stud-
ies, but some questions still need answers. If the underlying cause in 
the pathophysiology of PCOS is insulin resistance, what is the reason 
for this insulin resistance? Why can insulin resistance not be shown in 
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every case? Is there a preventive treatment? Oth-
er important factors are thought to play a role in 
the pathophysiology of PCOS besides insulin re-
sistance. These factors are closely related to insu-
lin, because even though insulin resistance can-
not be demonstrated in typical PCOS cases, the 
therapeutic use of insulin sensitizers (metformin, 
rosiglitazone) provides improvements in androgen 
levels and ovulation [3]. This is theoretically ex-
plained by a factor that causes insulin resistance 
but prevents compensatory hyperinsulinism. That 
is, the same reason has to play a role in both the 
synthesis phase and the effect phase of insulin. 
There is increasing evidence that vitamin D affects 
insulin and glucose metabolism, and a  low vita-
min D status is suspected to be a risk factor for 
impaired glucose tolerance and insulin resistance 
[4], but there is no evidence to suggest that there 
is a  relationship between vitamin A, vitamin B

12, 
vitamin C, folate, zinc (Zn) and PCOS in the liter-
ature. In the current study, we examined whether 
a low vitamin A, vitamin B

12, vitamin C, vitamin D,  
folate and zinc status can be observed in Turkish 
women with PCOS. In addition, we investigated 
the relationship between serum vitamin A, vi-
tamin B

12, vitamin C, vitamin D, folate and zinc 
concentration and metabolic or clinical profiles of 
PCOS.

Material and methods

This study was performed on 132 women,  
65 patients with PCOS and 67 healthy individu-
als, during 2015–2016. The study was planned as 
prospective, controlled and single centered and 
was approved by the ethics committee of our 
university. All women in the 16–44 age group (re-
productive age) were recruited from our clinic in 
Turkey. According to the revised Rotterdam diag-
nostic criteria, PCOS was defined by the presence 
of at least 2 out of the following 3 features: oli-
go-anovulation (menstrual cycle length > 45 days 
or less than 6 menstrual cycles a year), clinical or 
biochemical hyperandrogenism (Ferriman-Gall-
wey (FG) score > 8 or elevated serum testosterone 
levels), and polycystic ovaries on transvaginal ul-
trasonography (TVUSG) (enlarged ovaries with in-
creased stromal volume and more than 10 follicles 
which measure 2–8 mm in diameter and localize 
along the periphery of the ovary in a way to form 
‘a pearl necklace’ appearance). Thyroid functions, 
luteinizing hormone (LH), follicle-stimulating hor-
mone (FSH), estradiol (E2), prolactin, and total 
and free testosterone were assessed in patients 
with PCOS and control subjects, and those with 
thyroid diseases, hyperprolactinemia, Cushing’s 
disease, or congenital adrenal hyperplasia and 
those who were administered agents such as hor-
monal agents, ovulation-inducing agents, gluco-

corticoids, anti-androgens, or anti-hypertensives 
over the last 6 months prior to the study were 
excluded from the study. A  healthy woman was 
defined as a woman in reproductive age with reg-
ular cycles. They came to our clinic for an annual 
check-up. Women with congenital adrenal hyper-
plasia, hyperprolactinemia, hyperparathyroidism, 
and androgen secretory tumors were excluded us-
ing specific laboratory tests. Furthermore, women 
who used medications suspected to affect carbo-
hydrate metabolism or Zn/vitamin concentrations 
during 6 months prior to the study, who had a his-
tory of chronic disease or endocrinopathies, and 
who had a history of smoking or drug abuse were 
excluded. 

Clinical assessment

The hirsutism score was calculated according 
to the FG score system. Nine anatomic regions 
were assessed on a 4-point scale where 0 meant 
no growth of terminal hair and 4 meant maximum 
hair growth. Scores below 8 were regarded as nor-
mal and scores between 8 and 36 were regarded 
as pathological. Scores rose in parallel to the se-
verity of hirsutism [5]. In addition to family history 
of metabolic disorders, a detailed history including 
menstrual cycle pattern, temporal or situated in 
the temples of the head profile, severity of un-
wanted hair growth, and drug intake was taken 
at the time of enrollment. Clinical examination in-
cluded measurement of body weight (kg), height 
(cm) as well as FG scoring. FG scoring was done by 
a single observer, and scores above 8 were taken 
as significant. A single observer performed trans-
abdominal or transvaginal ultrasonography to 
reveal findings of polycystic ovarian morphology 
(presence of at least 10 follicles around the ovary 
that measure 2–8 mm in size, with increased ovar-
ian volume and/or echogenic ovarian stroma) [6].

Laboratory tests

Blood samples were taken from the patients at 
the early follicular phase (between the third and 
the fifth days of the spontaneous or gestagen-in-
duced menstrual cycle). Venous blood was taken 
from the forearm between 8.00 and 10.00 am af-
ter 8 h of fasting. Blood samples were immediate-
ly centrifuged, and sera were kept at –80°C until 
laboratory testing. 

Vitamin B12, vitamin D, folate, follicle-stimu-
lating hormone (FSH), luteinizing hormone (LH), 
estradiol 2 (E2), prolactin, total testosterone, and 
insulin levels were determined by electrochemi-
luminescence immunoassay using Acridinium Es-
ter technology (SIEMENS CENTAUR XP, USA). Free 
testosterone levels were determined by the ELISA 
method (DiaMetra, Milano Italy). Fasting glucose 
and Zn levels were determined spectrophotomet-
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rically (OLYMPUS AU 2700, USA). C-reactive pro-
tein (CRP) was measured by the nephelometric 
method (SIEMENS BN II, USA). Vitamin A, vitamin C  
and HbA

1c levels were measured by high perfor-
mance liquid chromatography (HPLC) (ADAMS 
ARKRAY A  10). The homeostasis model assess-
ment of insulin resistance (HOMA-IR) was used to 
evaluate insulin resistance, using the following for-
mula: HOMA-IR = (fasting plasma glucose (mg/dl)  
× insulin (U/ml)/405) [7]. Patients with HOMA-IR 
levels above 2.5 were considered to have insulin 
resistance (IR) [8].

Statistical analysis

Statistical Package for the Social Sciences (SPSS 
22.0) was used for data analyses. Data are ex-
pressed as mean and standard deviation. T test and 
nonparametric Mann-Whitney U test were used for 
comparison of clinical and biochemical data be-
tween the groups. Whether intra-group variables 
demonstrated a normal distribution or not was de-
termined by the Kolmogorov-Smirnov test. Spear-
man’s correlation and Pearson test analysis was 
used for investigation of correlations between the 
values. P-value < 0.05 was accepted as significant.

Table I. Clinical and biochemical features of PCOS patients and matched controls

Parameter PCOS (n = 65) Controls (n = 67)

Clinical:

Age [years] 24.06 ±6.12 25.34 ±5.82

BMI [kg/m2] 26.00 ±4.52 25.27 ±2.68

Hirsutism score (median [range]) 8.32 ±3.67 1.28 ±1.73

Biochemical: 

Total T [ng/ml] 0.65 ±0.15 0.40 ±0.29

Free T [pg/ml] 1.34 ±0.43 0.59 ±0.58

FSH [IU/l] 5.85 ±2.08 6.67 ±3.23

LH [IU/l] 9.84 ±6.18 8.00 ±7.14

E2 [pg/ml] 66.02 ±44.07 83.12 ±0.85

Glucose [mg/dl] 87 ±21.84 85 ±11.70

Insulin [µU/ml] 10.71 ±5.47 6.48 ±2.34

HOMA-IR 2.37 ±0.77 1.92 ±0.58

HbA1c (%) 5.64 ±1.05 5.09 ±0.76

CRP [mg/dl] 2.65 ±3.08 2.56 ±2.76

Sedimentation [mg/dl] 9.21 ±8.34 12.49 ±2.95

Zn [µg/dl] 95.45 ±10.94 89.22 ±9.83

Vitamin A (retinol) [µg/dl] 41.70 ±13.54 43.5 ±9.59

Vitamin C [mg/ml] 2.09 ±3.21 6.23 ±1.92

25-(OH) vitamin D3 [ng/ml] 18.36 ±17.69 21.84 ±19.34

Vitamin B12 [pg/ml] 314.61 ±92.95 300.23 ±87.06

Folate [ng/ml] 19.01 ±53.22 10.79 ±5.75

Prevalence of Zn insufficiency (< 70 µg/dl) 1 (1.54%) –

Prevalence of vit. A insufficiency (< 30 µg/dl) 12 (18.46%) 2 (2.98%)

Prevalence of vit. C insufficiency (< 0.5 mg/ml) 6 (9.23%) 10 (14.92%)

Prevalence of vit. D insufficiency (< 30 ng/ml) 49 (75.38%) 52 (77.61%)

Prevalence of vit. B12 insufficiency (< 211 pg/ml) 7 (10.76%) 9 (13.43%)

Prevalence of folate insufficiency (< 5 ng/ml) 5 (7.69%) 3 (4.48%)
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Table II. Correlation of Zn, vit. A, vit. B
12, vit. C, 25-(OH) vitamin D3, folate levels with clinical and biochemical pa-

rameters

Parameter PCOS Controls

r p r p

Zinc (Zn)

Clinical parameters:

Age [years] 0.048 0.705 0.059 0.633

BMI [kg/m2] 0.022 0.859 –0.088 0.479

Hirsutism score (median [range]) 0.088 0.486 –0.116 0.351

Biochemical parameters:

Total T [ng/ml] –0.118 0.348 –0.252 0.040

Free T [pg/ml] 0.138 0.273 –0.235 0.056

FSH [IU/l]) –0.029 0.821 0.078 0.528

LH [IU/l] 0.090 0.475 0.110 0.377

E2 [pg/ml] –0.042 0.739 0.032 0.799

Glucose [mg/dl] 0.241 0.054 –0.049 0.692

Insulin [µU/ml] 0.036 0.776 –0.253 0.039

HOMA-IR 0.129 0.304 –0.022 0.860

HbA1c (%) –0.042 0.740 –0.135 0.277

CRP [mg/dl] 0.154 0.220 –0.087 0.481

Sedimentation [mg/dl] 0.007 0.954 0.035 0.777

Vitamin A (retinol) [µg/dl] –0.095 0.451 0.327 0.007

Vitamin C [mg/ml]) 0.020 0.877 0.133 0.285

25-(OH) vitamin D3 [ng/ml] 0.125 0.323 –0.111 0.372

Vitamin B12 [pg/ml] –0.074 0.560 –0.102 0.411

Folate [ng/ml] 0.124 0.326 0.080 0.522

Vitamin A

Clinical parameters:

Age [years] –0.081 0.520 –0.155 0.211

BMI [kg/m2] –0.095 0.451 –0.148 0.231

Hirsutism score (median [range]) 0.104 0.410 –0.101 0.417

Biochemical parameters:

Total T [ng/ml] 0.065 0.609 0.000 0.997

Free T [pg/ml] –0.216 0.084 –0.132 0.286

FSH [IU/l] 0.002 0.988 –0.062 0.620

LH [IU/l] –0.106 0.400 0.012 0.921

E2 [pg/ml] 0.007 0.957 –0.050 0.687

Glucose [mg/dl] –0.243 0.051 –0.012 0.922

Insulin [µU/ml] –0.188 0.134 0.072 0.561

HOMA-IR –0.169 0.179 0.149 0.229

HbA1c (%) –0.119 0.344 0.038 0.758

CRP [mg/dl] 0.078 0.536 0.038 0.759

Sedimentation [mg/dl] –0.012 0.927 –0.134 0.280

Zn [µg/dl] –0.172 0.171 0.358 0.003

Vitamin C [mg/ml] 0.084 0.506 0.425 < 0.001

25-(OH) vitamin D3 [ng/ml] 0.060 0.636 –0.163 0.189

Vitamin B12 [pg/ml] 0.085 0.503 0.002 0.986

Folate [ng/ml] –0.065 0.607 0.153 0.217
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Table II. Cont.

Parameter PCOS Controls

r p r p

Vitamin B12

Clinical parameters:

Age [years] 0.111 0.378 –0.001 0.997

BMI [kg/m2] –0.147 0.243 –0.021 0.864

Hirsutism score (median [range]) –0.145 0.250 –0.017 0.894

Biochemical parameters:

Total T [ng/ml] 0.013 0.916 –0.033 0.788

Free T [pg/ml] –0.045 0.720 0.044 0.723

FSH [IU/l] 0.047 0.709 –0.097 0.436

LH [IU/l] 0.077 0.543 0.008 0.949

E2 [pg/ml] 0.049 0.696 0.090 0.470

Glucose [mg/dl] 0.104 0.409 0.143 0.249

Insulin [µU/ml] –0.180 0.151 0.132 0.286

HOMA-IR 0.050 0.694 0.108 0.385

HbA1c (%) –0.002 0.985 0.136 0.274

CRP [mg/dl] –0.129 0.307 –0.067 0.587

Sedimentation [mg/dl] –0.130 0.304 –0.066 0.598

Vitamin A (retinol) [µg/dl] 0.085 0.503 0.002 0.986

Vitamin C [mg/ml] –0.139 0.269 –0.185 0.134

25-(OH) vitamin D3 [ng/ml] –0.120 0.342 –0.157 0.204

Zn [µg/dl] 0.092 0.466 –0.019 0.881

Folate [ng/ml] 0.176 0.161 0.046 0.709

Vitamin C

Clinical parameters:

Age [years] –0.165 0.189 –0.225 0.068

BMI [kg/m2] 0.012 0.924 –0.267 0.029

Hirsutism score (median [range]) 0.190 0.130 –0.187 0.130

Biochemical parameters:

Total T [ng/ml] 0.066 0.604 0.081 0.513

Free T [pg/ml] 0.156 0.216 0.009 0.941

FSH [IU/l] –0.033 0.795 0.020 0.872

LH [IU/l] 0.078 0.536 0.029 0.817

E2 [pg/ml] –0.082 0.517 –0.132 0.288

Glucose [mg/dl] 0.126 0.318 –0.099 0.426

Insulin [µU/ml] 0.398 0.001 –0.017 0.890

HOMA-IR 0.314 0.011 –0.143 0.250

HbA1c (%) 0.206 0.099 0.043 0.727

CRP [mg/dl] 0.013 0.920 –0.088 0.481

Sedimentation [mg/dl] 0.083 0.510 –0.129 0.299

Vitamin A (retinol) [µg/dl] –0.132 0.296 0.252 0.040

Zn [µg/dl] 0.020 0.877 0.133 0.285

25-(OH) vitamin D3 [ng/ml] 0.052 0.682 –0.013 0.917

Vitamin B12 [pg/ml] –0.038 0.765 –0.192 0.120

Folate [ng/ml] –0.260 0.036 0.049 0.691
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Parameter PCOS Controls

r p r p

25-(OH) vitamin D3

Clinical parameters:

Age [years] 0.030 0.812 –0.446 < 0.001

BMI [kg/m2] 0.093 0.460 –0.197 0.110

Hirsutism score (median [range]) 0.103 0.413 0.009 0.939

Biochemical parameters:

Total T [ng/ml] 0.167 0.184 –0.019 0.879

Free T [pg/ml] 0.164 0.190 0.026 0.836

FSH [IU/l] –0.250 0.044 –0.125 0.315

LH [IU/l] –0.125 0.319 –0.158 0.201

E2 [pg/ml] 0.091 0.472 0.093 0.456

Glucose [mg/dl] –0.059 0.641 –0.070 0.574

Insulin [µU/ml] 0.107 0.394 –0.069 0.577

HOMA-IR 0.119 0.344 –0.176 0.154

HbA1c (%) 0.060 0.636 0.026 0.838

CRP [mg/dl] 0.045 0.719 –0.098 0.429

Sedimentation [mg/dl] 0.039 0.759 –0.038 0.758

Vitamin A (retinol) [µg/dl] 0.100 0.426 –0.168 0.173

Vitamin C [mg/ml] 0.052 0.682 –0.013 0.917

Zn [µg/dl] 0.125 0.323 –0.111 0.372

Vitamin B12 [pg/ml] –0.071 0.573 –0.186 0.132

Folate [ng/ml] –0.098 0.436 –0.009 0.939

Folate

Clinical parameters:

Age [years] 0.177 0.159 0.147 0.237

BMI [kg/m2] –0.084 0.506 0.079 0.526

Hirsutism score (median [range]) –0.265 0.033 0.027 0.830

Biochemical parameters:

Total T [ng/ml] –0.031 0.806 0.124 0.319

Free T [pg/ml] –0.083 0.510 0.044 0.721

FSH [IU/l] –0.169 0.177 –0.096 0.439

LH [IU/l] 0.033 0.791 –0.144 0.246

E2 [pg/ml] –0.120 0.341 0.000 0.997

Glucose [mg/dl] –0.114 0.364 –0.054 0.666

Insulin [µU/ml] –0.387 0.001 0.142 0.251

HOMA-IR –0.108 0.391 0.127 0.304

HbA1c (%) –0.289 0.020 0.001 0.992

CRP [mg/dl] –0.078 0.536 0.196 0.112

Sedimentation [mg/dl] –0.098 0.439 0.056 0.656

Vitamin A (retinol) [µg/dl] 0.028 0.822 0.250 0.041

Vitamin C [mg/ml] –0.260 0.036 0.049 0.691

25-(OH) vitamin D3 [ng/ml] –0.098 0.436 –0.009 0.939

Vitamin B12 [pg/ml] –0.070 0.580 –0.009 0.940

Zn [µg/dl] 0.124 0.326 0.080 0.522

Table II. Cont.
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Results

A total of 132 cases were evaluated: 65 in the 
patient group and 67 in the control group.

The metabolic and hormonal characteristics of 
women with PCOS and the control group are pre-
sented in Table I. The PCOS patients had higher 
hirsutism scores, and there were significant differ-
ences in the levels of fasting insulin and HOMA-IR 
between women with PCOS and the control group.

Women with PCOS showed decreased serum 
levels of vitamin A  compared with the control 
group, but they showed no differences in the lev-
els of 25-(OH)D3, vitamin B12, vitamin C, folate or 
Zn. The correlations between serum vitamin A, 
vitamin B12, vitamin C, vitamin D, folate, Zn and 
clinical or metabolic profiles in both PCOS patients 
and the control group are presented in Table II.

Discussion 

The PCOS is characterized by ovarian androgen 
excess and infertility. Recent experiments have 
suggested that several genes involved in retino-
ic acid synthesis may be differentially expressed 
in PCOS theca cells and may contribute to exces-
sive theca-derived androgen production. For this 
reason, it is very important to investigate expres-
sion levels of genes encoding proteins involved 
in this complex system. In a study by Wood et al. 
the expression of genes involved in retinoic acid 
biosynthesis was found to be increased in theca 
cells from women with PCOS [9]. All-trans retinoic 
acid (atRA) is a lipid that is essential for the nor-
mal function of somatic cells in male and female 
gonads. Studies have shown that the PCOS cas-
es have more atRA conversion in the theca cells. 
The overexpression of atRA synthase causes  
CYP11A1 and CYP17 gene expression in the theca 
cells. atRA also regulates cell division and differ-
entiation. For this reason, increased levels of atRA 
are also associated with arresting follicle growth 
[10]. In another study, it was reported that differ-
ential responses to retinol and retinoids in normal 
and PCOS theca suggest that altered retinoic acid 
synthesis and action may be involved in augment-
ed CYP17 gene expression and androgen pro-
duction in  PCOS [11]. Therefore we investigated 
whether vitamin A  (retinol) levels are related to 
PCOS. Our study found differences in the absolute 
level of serum vitamin A and prevalence of vita-
min A  insufficiency between women with PCOS 
and matched controls. Vitamin A  insufficiency 
was observed in 18.46% of the PCOS group and 
2.98% of the control group. On the other hand, we 
did not find any correlations between serum vita-
min A and hormonal or metabolic profiles in either 
PCOS patients or controls (Table II). 

It has been previously demonstrated that fo-
late and  vitamin  B

12 treatment improved insulin 

resistance in patients with metabolic syndrome 
[12]. Kaya et al. been reported that insulin resis-
tance, obesity, and elevated homocysteine were 
associated with lower serum vitamin B12 concen-
trations in PCOS patients [13]. Our study found no 
differences in the absolute level of serum vitamin 
B12 and folate between women with PCOS and 
matched controls, but we found negative correla-
tions between serum folate and fasting insulin, 
HbA1c, and vitamin C levels (Table II). Our findings 
suggest that the role of vitamin B12 and folate in 
the pathogenesis of PCOS is not yet clear.

Oxidative stress may play a role in the patho-
physiology of PCOS. Insulin resistance (IR) also can 
be found in young non-obese women with PCOS. 
Hyperglycemia may increase reactive oxygen spe-
cies production and decrease antioxidant levels 
[14]. The association of vitamin C, a well-known 
anti-oxidant, with PCOS has been shown in sev-
eral studies in the literature [14, 15]. Our study 
found no differences in the absolute level of se-
rum vitamin C between women with PCOS and 
matched controls, but we found negative correla-
tions between vitamin C levels and folate, fasting 
insulin and HOMA-IR (Table II).

Increasing evidence suggests that  vitamin D 
might have a  regulatory role in PCOS-associated 
symptoms, including ovulatory dysfunction, insu-
lin resistance and hyperandrogenism [16]. There-
fore, the search for an association between PCOS 
and vitamin D metabolism appears to be justified. 
Vitamin D level was found to be lower in PCOS 
patients than the control group in the majority of 
the studies [17, 18]. Our study found no difference 
in the absolute level of serum vitamin D between 
women with PCOS and matched controls (Table II).

Zn is an essential trace element and acts as 
a  catalytic, structural and regulatory ion. At the 
same time, Zn has a very important role in the syn-
thesis, storage and the potentialization of insulin, 
and it also plays a role as an antioxidant [19]. We 
assessed the association between zinc and PCOS 
in our study. There was no differences in the ab-
solute level of serum zinc between women with 
PCOS and matched controls (Table II).

In conclusion, the serum levels of vitamins A, 
B12, C, and D and Zn may change in patients with 
PCOS. The findings in this study should be inves-
tigated with further trials in order to obtain new 
insights into PCOS.
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