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ABSTRACT

Objectives: Hyperandrogenism is a frequently recognized endocrine imbalance in which 

there is excessive production of androgens. The purpose of the study was to investigate the 

impact of vitamin D receptor (VDR) gene polymorphisms on chosen bone metabolism and 

biochemical parameters in women with hyperandrogenism.

Material and methods: Eighty young females with hyperandrogenism were enrolled in the 

study, in whom selected parameters of bone turnover, endocrine and metabolic parameters 

were determined. Two polymorphisms of the VDR gene were analyzed: rs731236 (TaqI) and 

rs1544410 (BsmI), using real-time polymerase chain reaction (PCR). Statistical tests were 

performed in this research with the program SPSS Statistics 17.0 for Windows.

Results: The rs731236 and rs1544410 polymorphisms of the VDR gene turned out to be 

statistically significantly related to the concentration of insulin determined in the 60 'glucose 

tolerance test. There was no relationship between the studied polymorphisms of the VDR gene

and the determined parameters of bone metabolism and other biochemical parameters.

Conclusions: The research presented that VDR gene variants may influence disturbances in 

carbohydrate metabolism in young women with hyperandrogenism.

Keywords: hyperandrogenism; VDR polymorphisms; bone metabolism; biomarkers, 

hormonal parameters

INTRODUCTION

Hyperandrogenism is characterized by excessive production of androgenic hormones 

in women and is their most common endocrine disorder, affects up to 10% of females of 

reproductive age [1]. In about 80% of cases, hyperandrogenism accompanies polycystic ovary

syndrome (PCOS). Other causes of excessive androgenization include non-classical 

congenital adrenal hyperplasia (NCAH), ovarian tumors, and menopause. Idiopathic 

hyperandrogenemia or idiopathic hirsutism can affect 3.9–15.8% of women [1–3]. In healthy 

women, androgens are produced in almost equal amounts by the ovaries and adrenal glands. 

Determining the origin of androgens in hyperandrogenism may be useful in understanding the

type and specificity of disorders accompanying hyperandrogenization. The ovaries are the 



main source of androgens in idiopathic hyperandrogenism and PCOS, and the adrenal glands 

in NCAH [4]. Hyperandrogenism in women is characterized by progressive defeminization 

and the appearance of androgenization symptoms such as seborrhea, acne, hirsutism, 

androgenic alopecia and metabolic changes [1, 5]. Hyperandrogenism in young females is 

associated with a wide variation in the degree of expression of individual symptoms, and the 

degree of their intensity and type do not indicate a specific cause. The symptoms of 

hyperandrogenization may also appear when the serum concentration of androgens is normal 

[6, 7].

The active form of vitamin D3 with hormonal properties is an important factor 

regulating the calcium-phosphate balance in the human body. However, the role of vitamin D3

is not limited to its influence on bone metabolism; it is also an important parameter 

influencing the hormonal balance, and its deficiency plays an important role in the 

pathogenesis of many endocrine and autoimmune diseases and cancers [8, 9]. It is also known

that vitamin D3 is important for fertility in both women and men by influencing the expression

of VDR receptors for vitamin D3 in such organs as ovaries, uterus, placenta, testes, pituitary 

and hypothalamus [9, 10]. It has been shown that low vitamin 25 (OH) D levels in women 

aged 35–51 may be associated with high levels of follicle stimulating hormone (FSH), which 

leads to lower estrogen levels [10]. The presence of VDR receptor polymorphisms is also 

associated with metabolic and endocrine disorders in PCOS and hyperandrogenism [11]. 

Vitamin D3 plays a role in the synthesis of sex hormones by affecting the expression and 

activity of enzymes involved in steroidogenesis, and its deficiency may contribute to the 

occurrence of endometriosis due to its immunomodulatory and anti-inflammatory properties. 

It has been shown that the active form of vitamin D3 — calcitriol — increases the production 

of progesterone by 13%, estradiol by 9%, and estrone by 21% [12]. Calcitriol may also affect 

the activity of aromatase catalyzing the conversion of androgens to estrogens [9].

The effect of vitamin D on various tissues is modulated by its receptor — VDR. By 

combining with the VDR receptor, vitamin D activates the transcription of genes dependent 

on it [11]. The vitamin D receptor gene is highly polymorphic. The BsmI polymorphism 

(rs1544410) seems to be related to metabolic and hormonal disorders in PCOS, but not all 

authors agree on this. However, it is believed that the presence of this polymorphism increases

the risk of PCOS as well as influences the level of vitamin D [11, 13, 14].

In the case of TaqI polymorphism of the VDR receptor (rs731236), most authors show 

its relationship with an increased risk of PCOS and significantly affect the levels of hormonal 



and metabolic parameters, as well as an increase in the prevalence of hirsutism and its 

severity in PCOS [13]. In numerous publications to date, the relationships between VDR 

polymorphisms and metabolic and hormonal parameters in PCOS have been analyzed [13]. 

There is no similar research on disorders in young women with idiopathic hyperandrogenism.

Hyperandrogenism is a complex disorder with a genetic basis involving natural and 

epigenetic variables. The explanation of the hereditary background aims to improve diagnosis 

and treatment options. The aim of this project was to analyze the relationship between the 

occurrence of rs731236 (TaqI) and rs1544410 (BsmI) polymorphisms and selected 

biochemical, hormonal and bone metabolism parameters in young females with 

hyperandrogenism.

MATERIAL AND METHODS

Patients

The research included 80 young females aged 18 to 35 years with hyperandrogenism 

examined in 2013 and 2015 in the Department of Endocrinology, Metabolic Diseases and 

Internal Medicine at the Pomeranian Medical University in Szczecin, Poland.

The following were the inclusion criteria for the study: Caucasian race, absence of 

menstruation for at least six months followed by at least three months of oligomenorrhea, 

clinical symptoms of masculinization: acne, seborrhea, hirsutism, without long-term 

medications, and without significant abnormalities on physical examination. The exclusion 

criteria were: PCOS, congenital adrenal hyperplasia or premature ovarian failure, low birth 

weight, prematurity, nutritional disorders, abnormal nutrition during childhood or 

adolescence, growth and weight gain diseases, intensive sport, metabolic diseases, chronic use

of stimulants or drugs that affect bone metabolism, and bone disease in the family. All patients

also had a concentration of androstenedione (a precursor of androgens), leptin and body mass 

index (BMI) above reference values. Patients with idiopathic hyperandrogenism (the presence

of clinical and biochemical hyperandrogenism in the absence of PCOS features), were 

included in the study [15, 16].

The severity of hirsutism was determined according to the Ferriman–Gallwey scale (≥ 

8 points). We selected two single nucleotide polymorphisms (SNPs): rs731236, rs1544410 on 

the basis of the following criteria: minor allele frequency > 0.2, functional relevance and 



importance, SNPs significantly associated with bone mineral density (BMD) in previous 

studies.

The research was approved by the Bioethics Committee of the Pomeranian Medical 

University, number KB-0012/115/15 of 16 November 2015. The study was performed in 

accord with the Helsinki Declaration (1975, corrected 2000).

Analysis of serum concentrations for selected factors

Each patient had fasting blood collection at 8 am and centrifuged. Immunoenzymatic 

tests (ELISA — DRG International, Inc.) were used to determine sRANKL (free and bound 

RANKL), osteoprotegerin (OPG) and 25-OH vitamin D total concentrations. Serum 

parathormone and calcitonin concentrations were measured with a chemiluminescent assay 

(Immulite 1000, Siemens). Electrochemiluminescent tests (Cobas, Roche Diagnostic) were 

used to determine luteinizing hormone (LH), folliculotropic hormone (FSH), 17-

hydroxyprogesterone, estradiol, prolactin (PRL), testosterone (T), androstenedione, 

dehydroepiandrosterone sulfate (DHEA-SO4), sex hormone binding globulin (SHBG), 

glucose and insulin. Free testosterone concentration was calculated from the free androgen 

index ((FAI = TT/SHBG × 100%). The analytical sensitivities of the assays were: calcitonin 

— 2.0 pg/mL, parathormone — 3.1 pg/mL, 25-OH vitamin D total — 5.6 nmol/L, sRANKL 

— 0.5 pmol/L, OPG — 0.14 pmol/L, leptin — 2.0 ng/mL. Tests were conducted according to 

the manufacturer’s instructions and subjected to quality control using the manufacturer’s two-

level control set. Samples were performed in duplicate. The microplate reader and microplate 

washer used for ELISA assays and the precision of the assays were checked using Pathozyme 

ELISA Sure kit (Omega Diagnostics, UK).

Bone mineral density (BMD) analysis

Bone mineral density (BMD) analysis was performed at the Department of 

Endocrinology, Metabolic Diseases and Internal Medicine at the Pomeranian Medical 

University in Szczecin, Poland. BMD was analyzed in the lumbar spine from L2 to L4 

vertebrae using Dual Energy X-ray Absorptiometry (DEXA) method with the LUNAR DPX 

100 (Lunar Corp., Madison, USA). The quantitative body mass composition (i.e. total 

body fat — BF), android, gynoid fat, visceral adipose tissue (VAT) and lean body mass 

were measured in all participants by DEXA using an automatic whole body scanning 

method. The original manufacturer’s software (Body Composition) was used to 

determine the individual areas of measurements (female, male and visceral region). All 



patients were imaged using the same DEXA Lunar device to minimize inter-device variability.

Quality assurance on this device was performed as recommended by the International Society 

for Clinical Densitometry (ISCD) [17.[

Analysis of the rs731236 and the rs1544410 polymorphisms of the VDR gene

Analysis of VDR gene polymorphisms was conducted in the Clinical Laboratory at the

Department of Endocrinology, Metabolic Diseases, and Internal Medicine at Pomeranian 

Medical University. Genomic DNA was isolated from peripheral blood using a QIAamp 

Blood Mini Kit (Qiagen GmbH, Hilden, Germany) according to the manufacturer’s 

procedure. VDR genetic variants: rs731236 (TaqI), rs1544410 (BsmI) were selected for the 

study according to the NCBI SNP database http://www.ncbi.nlm.nih.gov/SNP. Genotyping 

was conducted RT-PCR with TaqMan® SNP Genotyping Assays (Thermo Fisher Scientific, 

Waltham, USA) on a LightCycler 480 according manufacturer’s procedure: initial 

denaturation at 95°C for 10 min, followed by 40 cycles of 95°C for 15 s, 60°C for 1 min, 

40°C for 30 s (20 μL reaction mixture).

Statistical analysis

The results of the study were analyzed statistically using SPSS Statistics 17.0 for 

Windows. Hardy–Weinberg equilibrium of the polymorphisms was analyzed by the chi-

square test. We analyzed the frequency of the studied SNPs and the association with selected 

biochemical and clinical factors using one-way analysis of variance (ANOVA). Values with 

normal distribution were presented as means ± SEM (standard error of the mean).

RESULTS

We compared the distribution of genotypes frequencies for the rs731236 and 

rs1544410 polymorphisms of the VDR gene in women with hyperandrogenism. For the 

rs731236 polymorphism, the AG was more common (53.8%) compared to the AA (32.5%) 

and GG (13.8%) genotypes was observed. In patients with the VDR rs1544410 

polymorphism, a higher frequency of the CT genotype (52.5%) compared to CC (32.5%) and 

TT (15.0%) was observed (Tab. 1). 

Analysis of the VDR polymorphism rs731236 showed a higher concentration of 

insulin 60’ and insulin 120’ in women with the GG genotype (insulin 60’: GG — 172.10 ± 

36.29 mg/dL vs AA — 156.59 ± 16.48 mg/dL, AG — 102.74 ± 9.44 mg/dL, p = 0.008; insulin

http://www.ncbi.nlm.nih.gov/SNP


120’: GG — 119.65 ± 42.56 mg/dL vs AA — 100.79 ± 13.78 mg/dL, AG — 67.76 ± 7.94 

mg/dL, p = 0.063) (Tab. 4). Vitamin D and vitamin 25 (OH) D measurements showed a higher

concentration in women with the AA genotype (vitamin D: AA — 19.32 ± 3.58 ng/mL vs AG 

— 14.98 ± 1.68 ng/mL, GG — 8.06 ± 0.68 ng/mL, p = 0.081; vitamin 25 (OH) D: AA — 

23.82 ± 1.73 ng/mL vs AG — 21.56 ± 0.97 ng/mL, GG — 17.38 ± 2.39 ng/mL, p = 0.067) 

(Tab. 5).

Concentrations of the other parameters analyzed: estradiol, FEI (Free Estradiol Index),

prolactin, 17-OH-progesterone, LH, FSH, SHGB, testosterone, BAT, FAI, androstendione, 

DHEA-SO4, glucose 0’, glucose 60’, glucose 120’, insulin 0’, calcitonin, parathormone, 

OPG, sRANKL, BMD L1-L4, T-score, Z-score, BMD total, BMI, BMC, AG, VF and TBS in 

context of the of the rs731236 showed no significant associations.

Analysis of the second VDR polymorphism rs1544410 showed higher concentrations 

of insulin 60’ and insulin 120’ in women with the TT genotype (insulin 60’: TT — 172.10 ± 

36.29 mg/dL vs CC — 156.59 ± 16.48 mg/dL, CT — 102.74 ± 9.44 mg/dL, p = 0.008; insulin

120’: TT — 119.65 ± 42.56 mg/dL, CC — 100.79 ± 13.78 mg/dL, CT — 67.76 ± 7.94 mg/dL,

p = 0.063) (Tab. 4). The concentration of vitamin D was higher in women with the CC 

genotype (CC — 19.32 ± 3.58 ng/mL vs CT — 14.98 ± 1.68 ng/mL, TT — 8.06 ± 0.68 

ng/mL, p = 0.081) (Tab. 5).

Measurements of the other parameters analyzed: estradiol, FEI, prolactin, 17-OH-

progesterone LH, FSH, SHGB, testosterone, BAT, FAI, androstendione, DHEA-SO4, glucose 

0’, glucose 60’, glucose 120’, insulin 0’, calcitonin, parathyroid hormone, osteoprotegerin, 

sRANKL, BMD L1-L4, T-score, Z-score, BMD total, BMI, BMC, AG, VF and TBS in 

women with hyperandrogenism in relation to the VDR rs1544410 polymorphism distribution 

of genotypes did not show any significant differences.

Moreover, the statistical power for the two only statistically significant comparisons 

was 0.2396 for AA vs GG and 0.2592 for CC vs TT, respectively. These are preliminary 

results to be confirmed in a larger group. Nevertheless, the highly significant p value (p = 

0.008) for both comparisons indicates that such differences may exist.

DISCUSSION

The analysis of the VDR gene polymorphisms showed a relationship for the TaqI 

rs731236 and BsmI rs1544410 polymorphisms and the insulin concentration determined at 60



minutes (insulin 60') in the glucose tolerance test. In the case of the rs731236 VDR 

polymorphism, GG homozygotes showed a significantly higher concentration of 60' insulin 

compared to AA homozygotes and AG heterozygotes. For the rs1544410 VDR polymorphism, 

a significantly higher concentration of 60' insulin was observed in TT homozygotes compared 

to CC and CT genotypes. For both polymorphisms, a significant trend was observed in 

relation to the insulin concentration determined in the 120' glucose tolerance test (insulin 

120'). For the rs731236 VDR polymorphism, the 120' insulin concentration was higher for the 

GG genotype compared to the AA and AG genotypes. In the case of the rs1544410 VDR 

polymorphism, the 120' insulin concentration was higher for the TT genotype compared to the

CC and CT genotypes. In addition, the GG homozygotes of the rs731236 polymorphism 

occurred with a similar frequency to the TT homozygotes of the rs1544410 polymorphism, 

which may enhance carbohydrate disturbances in patients. In all the patients with 

hyperandrogenism, the 60' and 120' insulin concentration in the glucose tolerance test was 

above the reference range. In the literature, Xavier et al. [18] indicate that the rs731236 and 

rs1544410 polymorphisms of the VDR gene are related to PCOS, in which carbohydrate 

disorders are frequent. It has been shown that vitamin D deficiency may be related to insulin 

resistance. Insulin secretion by pancreatic beta cells is regulated by the concentration of 

calcium. Vitamin D, by regulating calcium concentration and polymorphisms of the VDR 

gene for vitamin D, may influence insulin secretion by pancreatic beta cells [8]. It has been 

shown that low vitamin D levels are also associated with type 2 diabetes in PCOS, although 

the mechanism is not fully known [19]. In a study on the Brazilian population, Rodrigues et 

al. [20] also observed an association of type 2 diabetes with low 25(OH)D levels. However, 

they did not observe an association between the frequency of the genotype or alleles of the 

rs1544410 and rs731236 polymorphisms, and type 2 diabetes. This study included 101 

patients of the Brazilian population with type 2 diabetes. However, many publications showed

an association between VDR polymorphisms and carbohydrate disorders [20]. Mayer et al. 

[21] indicate that low vitamin D levels are often associated with altered glucose metabolism. 

They observed a significant relationship between the level of 25(OH)D and fasting blood 

glucose and insulin sensitivity. They also described the relationship of low vitamin 25(OH)D 

level and decreased insulin resistance with the rs2228570 polymorphism of the VDR receptor.

Shaat et al. [22] demonstrated the relationship between the rs1544410 VDR polymorphism 

and the increase in insulin secretion in women after pregnancy complicated by gestational 

diabetes mellitus (GDM). In studies on 13-year-olds (72% of girls) living in tropical 

countries, Rahmadhani et al. [23] noticed a relationship between the rs1544410 VDR 



polymorphism and the risk of vitamin D deficiency, and that the AA genotype shows a 

significantly lower level of vitamin 25 (OH) D compared to other genotypes. This was also 

observed in our study, but it was not statistically significant. The AA genotype was associated 

with a higher risk of vitamin D deficiency and insulin resistance compared to the GG 

genotype. In the meta-analysis by Han et al. [24] presented the relationship between the 

rs1544410 VDR polymorphism and the metabolic syndrome (MetS) and the rs731236 VDR 

polymorphism with PCOS. In addition, they observed an association of BsmI and Taq1 

polymorphisms with diseases associated with insulin resistance in Caucasians with dark 

pigmentation. Many studies show that vitamin D deficiencies are higher in dark-pigmented 

Caucasians and Asians because of the lower ability to produce this vitamin in the skin. On the 

other hand, Apaydin et al. [25] studied BsmI and TaqI polymorphisms in pregnant Turkish 

women and found no relationship between them and gestational diabetes melitus. Thus, the 

results of studies on the effect of VDR polymorphisms on carbohydrate metabolism are not 

always unambiguous and not always easy to interpret, due to the multitude of factors affecting

glycemia and diseases dependent on insulin resistance. However, it is known that vitamin D, 

via the VDR receptor, plays a key role in the insulin metabolic pathway and insulin secretion 

both by controlling calcium levels and affecting pancreatic beta cells, and it also inhibits the 

immune response in type 2 diabetes [20, 25]. Therefore, it seems justified to focus research on

metabolic disorders also in young women with hyperandrogenism. Because their early 

diagnosis would enable the prevention of more serious disorders. As indicated by the 

previously cited publications, this is also important during pregnancy, which may be 

complicated by diabetes [22, 25]. The results of our research, although requiring confirmation

on a larger group of patients, seem to be consistent with the earlier observations of many 

authors and indicate a possible relationship between VDR polymorphisms and disturbances in

carbohydrate metabolism also in young women with hyperandrogenism. They open up a new 

aspect of interest in a group of women who have not been studied so often in this area. It is 

likely that vitamin D supplementation may increase insulin sensitivity in hyperandrogenemia 

and PCOS [26]. It is known that insulin resistance is common in PCOS, and that 

hyperandrogenism itself is associated with insulin resistance [27–29]. Insulin also enhances 

LH-stimulated androgen production. On the other hand, androgens may reduce insulin 

sensitivity [29]. Hyperinsulinemia and insulin resistance, as suggested by Talaei et al. [30], 

may be associated with the occurrence of hirsutism in patients with PCOS and idiopathic 

hirsutism. Vitamin D concentration is also associated with clinical hyperandrogenism in 

women [18]. A trend was observed for vitamin D concentration for both polymorphisms. For 



the rs731236 VDR polymorphism, this concentration was higher for the AA genotype 

compared to the AG and GG genotypes. For the rs1544410 VDR polymorphism, the vitamin 

D concentration was higher in carriers of the CC genotype compared to the CT and TT 

genotypes. For the rs731236 VDR polymorphism, a trend was also shown for the vitamin 25 

(OH) D concentration, which was higher in AA homozygotes compared to AG heterozygotes 

and GG homozygotes. In all the participants with hyperandrogenism, vitamin D concentration

was below the reference value range in deficit (< 20 ng/mL). These results may indicate a 

relationship of vitamin D concentration to the TaqI and BsmI polymorphisms of the VDR 

gene in young women with hyperandrogenism, but this requires further research. It has been 

proven in numerous studies that the effect of vitamin D is not limited only to the regulation of

mineral balance but is also of great importance for hormonal and carbohydrate metabolism. 

Vitamin D interacts through VDR receptors located in various tissues and organs involved in 

the regulation of calcium and carbohydrate metabolism and reproductive functions and 

modulates their functions. VDR gene polymorphisms have been identified as affecting 

androgen secretion disorders in PCOS [31]. Vitamin D is also of key importance in bone 

metabolism in PCOS patients [32]. However, the results regarding the relationship between 

VDR gene polymorphisms and the risk of PCOS are not clear [33]. Some authors confirm this

relationship [34], while others do not show it [31, 35, 36]. Vitamin D deficiency may also be 

associated with an increased risk of PCOS, and vitamin D alone may protect PCOS patients 

against osteoporosis [26]. No statistically significant relationship between the rs731236 and 

rs1544410 VDR gene polymorphisms and bone mineral density and other parameters of bone 

metabolism was found in the studies carried out in women with hyperandrogenism, similarly 

to the studies by Bander et al. [37] or Seremak-Mrozikiewicz et al. [38] for the TaqI 

polymorphism. This may be related to the relatively small group of women and their young 

age. Also, the results of a meta-analysis by Shen et al. [39] did not confirm the relationship 

between the VDR gene polymorphisms BsmI, TaqI as well as ApaI and FokI with the risk of 

fractures in postmenopausal women. On the other hand, Stathopolou et al. [40] did not 

observe an association of the BsmI and TaqI polymorphisms with BMD, osteoporosis, and the 

risk of osteoporotic fractures in Greek postmenopausal women. The results of many studies 

are often ambiguous because osteoporosis is a disorder with a complex etiopathogenesis and 

influenced by numerous factors, for example, the type of population studied, ethnic and 

geographical differences, as found in the meta-analysis of Zintzaras et al. [41]. However, 

many authors confirm the relationship of VDR gene polymorphisms with bone mineral 

density, for example Banjabi et al. [42], who showed a significantly higher risk of developing 



osteoporosis for TaqI polymorphism carriers. Similarly, Ahmad et al. [43] point to the TaqI 

polymorphism as an important risk factor for the development of osteoporosis and 

significantly associated with BMD in menopausal women. Douroudis et al. [44] indicate a 

significant correlation between VDR polymorphisms and lower bone mineral density in 

postmenopausal women.

In this project, no relationship between the rs731236 and rs1544410 polymorphisms of

the VDR gene was found with other determined biochemical and clinical parameters. On the 

other hand, Ranjzad et al. [45] demonstrated the association of VDR gene polymorphisms 

with the concentration of LH and SHBG in women with PCOS. Women with the GG variant 

of the VDR gene rs1544410 SNP had a lower level of SHBG in relation to the AA variant. In 

contrast, the GG genotype turned out to be a likely risk factor for PCOS because it was 

associated with an increase in bioavailable androgens in women with PCOS. In this study, a 

correlation between the CC genotype of the VDR gene rs731236 polymorphism and the LH 

concentration was also observed [45]. Earlier studies showed an association between insulin 

resistance and hyperandrogenism, and that PCOS was associated with a significant decrease 

in insulin sensitivity, independent of obesity. The influence of the active form of vitamin D —

calcitriol — on FSH secretion has also been suggested [42]. Jukic et al. [10] observed that a 

low concentration of vitamin 25 (OH) D leads to an increase in FSH secretion and a decrease 

in the concentration of estrogen in premenopausal women aged 30–49, and that the 

concentration of vitamin 25 (OH) D is positively correlated with the concentration of anti-

Müllerian hormone (AMH), which is an ovarian reserve marker.

This study was designed to determine the effects of VDR receptor variants on bone 

metabolism, metabolic and hormonal factors in young females with hyperandrogenizm. Our 

research also has limitations. The main potential limitation is a relatively small number of 

participants without a control group. More studies involving more women are needed as 

idiopathic hyperandrogenization is an increasingly common disorder contributing to 

metabolic and mineral imbalances and to social problems. There are few reports on this in the 

literature, as the focus of interest is hyperandrogenization associated with PCOS. This project 

is part of the search for the relationship between genetic conditions and the type of disorders 

observed, as well as the possibility of using molecular tests in the diagnosis and therapy of 

hyperandrogenism and coexisting disorders and their prevention.

CONCLUSIONS



The research presents that VDR gene polymorphisms may be related to disturbances in

carbohydrate metabolism in young women with hyperandrogenism. The rs731236 and 

rs1544410 polymorphisms of the VDR gene turned out to be statistically significantly related 

to the concentration of insulin determined in the 60 'glucose tolerance test. This may suggest 

the possibility of changes in carbohydrate metabolism, but more research is needed on a larger

group of patients. The relationship of these polymorphisms with the parameters of bone 

turnover and other biochemical and clinical parameters has not been demonstrated.
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Table 1. The frequency of alleles and genotypes of the VDR polymorphisms in women with hyperandrogenism

VDR TaqI rs731236 VDR BsmI rs1544410

Genotype
Observed value

n [%]

Expected value

[%]
Genotype

Observed value

n [%]
Expected value [%]

AA 26 (32.5) 35.3 CC 26 (32.5) 34.5

AG 43 (53.8) 48.2 CT 42 (52.5) 48.5

GG 11 (13.8) 16.5 TT 12 (15.0) 17.0

Total 80 (100) 100 Total 80 (100) 100

Allele Allele

A 95 (59.38) – C 94 (58.75) –

G 65 (40.62) – T 66 (41.25) –

Total 160 (100) – Total 160 (100) –



Table 2. Analysis of hormonal factors vs. VDR gene variants in women with hyperandrogenism

Parameter
VDR Taq I

rs731236
Mean ± SEM p value

VDR Bsm I

rs1544410
Mean ± SEM p value

Estradiol [pg/mL]

AA 50.11 ± 7.78 0.794 CC 50.11 ± 7.78 0.608

AG 53.43 ± 7.23 CT 51.79 ± 7.29

GG 59.57 ± 10.40 TT 63.02 ± 10.11

FEI [pmol/nmoL]

AA 7.30 ± 1.29 0.330 CC 7.30 ± 1.29 0.330

AG 5.96 ± 1.09 CT 5.96 ± 1.09

GG 9.06 ± 1.56 TT 9.06 ± 1.56

Prolactin [ng/mL]

AA 14.78 ± 1.91 0.290 CC 14.78 ± 1.91 0.290

AG 20.31 ± 3.09 CT 20.31 ± 3.09

GG 16.78 ± 2.20 TT 16.78 ± 2.20

17-OH-Progesterone 

[ng/mL]

AA 1.57 ± 0.45 0.481 CC 1.57 ± 0.45 0.529

AG 1.19 ± 0.11 CT 1.19 ± 0.11

GG 1.60 ± 0.32 TT 1.54 ± 0.29

LH [mIU/mL]

AA 9.79 ± 1.21 0.133 CC 9.79 ± 1.21 0.336

AG 12.18 ± 1.94 CT 11.86 ± 1.10

GG 5.97 ± 1.25 TT 7.51 ± 1.89

FSH [mIU/mL]

AA 5.60 ± 0.33 0.168 CC 5.60 ± 0.33 0.397

AG 12.02 ± 3.53 CT 10.47 ± 3.29

GG 5.54 ± 0.61 TT 10. 20 ± 4.69

FEI — Free Estradiol Index; FSH — Follicle Stimulating Hormone; LH — Luteinizing Hormone



Table 3. Analysis of hormonal factors vs VDR gene variants in women with hyperandrogenism

Parameter
VDR Taq I

rs731236
Mean±SEM p value

VDR Bsm I

rs1544410
Mean±SEM p value

Testosterone [ng/mL]

AA 0.54 ± 0.05 0.379 CC 0.54 ± 0.05 0.368

AG 0.46 ± 0.04 CT 0.46 ± 0.04

GG 0.45 ± 0.07 TT 0.44 ± 0.06

BAI [%]

AA 45.47 ± 2.89 0.182 CC 45.47 ± 2.89 0.182

AG 39.01 ± 2.44 CT 39.01 ± 2.44

GG 45.56 ± 4.65 TT 45.56 ± 4.65

FAI [%]

AA 1.94 ± 0.12 0.183 CC 1.94 ± 0.12 0.183

AG 1.66 ± 0.10 CT 1.66 ± 0.10

GG 1.94 ± 0.20 TT 1.94 ± 0.20

Androstendione [ng/mL]

AA 4.32 ± 0.37 0.574 CC 4.32 ± 0.37 0.574

AG 3.95 ± 0.36 CT 3.95 ± 0.36

GG 3.68 ± 0.25 TT 3.68 ± 0.25

DHEA-SO4 [μg/dL]

AA 271.77 ± 31.34 0.785 CC 271.77 ± 31.34 0.959

AG 252.86 ± 26.67 CT 260.63 ± 26.35

GG 284.13 ± 29.67 TT 261.46 ± 35.32

SHBG [nmol/L]

AA 35.49 ± 4.88 0.442 CC 35.49 ± 4.89 0.442

AG 48.18 ± 6.88 CT 48.18 ± 6.88

GG 41.99 ± 15.81 TT 41.99 ± 15.81

BAI — Body Adiposity Index; DHEA-SO4 — dehydroepiandrosterone sulfate; FAI — Free Androgen Index; 

SHGB — sex hormone binding globulin



Table 4. Analysis of clinical factors vs. VDR gene variants in women with hyperandrogenism

Parameter
VDR Taq I

rs731236
Mean ± SEM p value

VDR Bsm I

rs1544410
Mean ± SEM p value

Glucose 0' 

[mg/dL]

AA 90.64 ± 1.89 0.449 CC 90.64 ± 1.89 0.449

AG 89.88 ± 2.17 CT 89.88 ± 2.17

GG 96.89 ± 9.53 TT 96.89 ± 9.53

Glucose 60' 

[mg/dL]

AA 130.61 ± 6.44 0.843 CC 130.61 ± 6.44 0.843

AG 135.20 ± 5.41 CT 135.20 ± 5.41

GG 135.21 ± 9.80 TT 135.21 ± 9.80

Glucose 120' 

[mg/dL]

AA 109.31 ± 5.55 0.949 CC 109.31 ± 5.55 0.949

AG 107.16 ± 3.92 CT 107.16 ± 3.92

GG 109.13 ± 11.40 TT 109.13 ± 11.40

Insulin 0' 

[μIU/mL]

AA 22.49 ± 2.77 0.722 CC 22.49 ± 2.77 0.722

AG 24.55 ± 6.56 CT 24.55 ± 6.56

GG 31.48 ± 7.71 TT 31.48 ± 7.71

Insulin 60' 

[μIU/mL]

AA 156.59 ± 16.48 0.008 CC 156.59 ± 16.48 0.008

AG 102.74 ± 9.44 CT 102.74 ± 9.44

GG 172.10 ± 36.29 TT 172.10 ± 36.29

Insulin 120' 

[μIU/mL]

AA 100.79 ± 13.78 0.063 CC 100.79 ± 13.78 0.063

AG 67.76 ± 7.94 CT 67.76 ± 7.94

GG 119.65 ± 42.56 TT 119.65 ± 42.56

AG

AA 1.05 ± 0.06 0.855 CC 1.05 ± 0.06 0.655

AG 1.08 ± 0.05 CT 1.09 ± 0.05

GG 1.03 ± 0.07 TT 1.01 ± 0.07

VF

AA 969.80 ± 242.17 0.701 CC 969.80 ± 242.17 0.909

AG 843.70 ± 146.86 CT 872.12 ± 149.74

GG 1114.71 ± 347.58 TT 988.50 ± 326.40

,*p < 0.05 — comparison between genotypes and the parameters analyzed (one-way ANOVA test); values 

normally distributed are expressed as means ± SEM; AG — distribution of android and gynoid fat; VF — 

visceral fat indication

Table 5. Analysis of bone metabolism and clinical factors vs. VDR gene variants in women with 

hyperandrogenism

Parameter
VDR Taq I

rs731236
Mean±SEM p value

VDR

Bsm I

rs154441

0

Mean±SEM p value

Vitamin D [ng/mL] AA 19.32 ± 3.58 0.081 CC 19.32 ± 3.58 0.081



AG 14.98 ± 1.68 CT 14.98 ± 1.68

GG 8.06 ± 0.68 TT 8.06 ± 0.68

Vitamin 25 [OH] D 

[ng/mL]

AA 23.82 ± 1.73 0.067 CC 23.82 ± 1.73 0.153

AG 21.56 ± 0.97 CT 21.28 ± 0.95

GG 17.38 ± 2.39 TT 18.84 ± 2.61

Calcitonin [pg/mL]

AA 3.30 ± 2.13 0.563 CC 3.30 ±2.13 0.565

AG 1.73 ± 0.21 CT 1.64 ± 0.20

GG 1.47 ± 0.31 TT 1.82 ± 0.45

PTH [pg/mL]

AA 38.60 ± 3.96 0.875 CC 38.60 ± 3.96 0.822

AG 41.46 ± 3.64 CT 41.97 ± 3.69

GG 41.13 ± 6.62 TT 39.36 ± 6.29

OPG [pmol/L]

AA 3.40 ± 0.24 0.127 CC 3.4 ± 0.24 0.171

AG 3.57 ± 0.15 CT 3.57 ± 0.16

GG 4.37 ± 0.72 TT 4.27 ± 0.66

sRANKL [pmol/L]

AA 243.18 ± 48.12 0.603 CC 243.18 ± 48.12 0.641

AG 196.99 ± 23.21 CT 199.70 ± 23.64

GG 221.65 ± 37.99 TT 209.56 ± 36.42

BMI — body mass index; OPG — osteoprotegerin, PTH — parathyroid hormone



Table 6. Analysis of bone metabolism and clinical factors vs. VDR gene variants in women with 

hyperandrogenism

Parameter
VDR Taq I

rs731236
Mean ± SEM p value

VDR Bsm I

rs1544410
Mean ± SEM p value

BMD total

AA 1.18 ± 0.03 0.488 CC 1.18 ± 0.03 0.780

AG 1.19 ± 0.02 CT 1.19 ± 0.02

GG 1.23 ± 0.04 TT 1.21 ± 0.05

BMD L1-L4

AA 1.20 ± 0.03 0.622 CC 1.20 ± 0.03 0.465

AG 1.23 ± 0.02 CT 1.24 ± 0.02

GG 1.24 ± 0.07 TT 1.20 ± 0.07

T score

AA 0.12 ± 0.32 0.506 CC 0.12 ± 0.32 0.263

AG 0.59 ± 0.20 CT 0.69 ± 0.17

GG 0.53 ± 0.58 TT 0.18 ± 0.61

Z score

AA 0.16 ± 0.27 0.652 CC 0.16 ± 0.27 0.219

AG 0.32 ± 0.20 CT 0.40 ± 0.19

GG 0.11 ± 0.48 TT 0.39 ± 0.50

BMI

AA 30.84 ± 2.32 0.312 CC 30.84 ± 2.32 0.513

AG 27.93 ± 1.44 CT 28.18 ± 1.46

GG 32.54 ± 3.04 TT 30.99 ± 3.06

BMC [g]

AA 2338.44 ± 67.51 0.281 CC 2338.44 ± 67.51 0.341

AG 2446.16 ± 36.65 CT 2442.55 ± 37.69

GG 2361.57 ± 89.25 TT 2386.13 ± 81.10

TBS

AA 1.40 ± 0.03 0.327 CC 1.40 ± 0.03 0.452

AG 1.34 ± 0.03 CT 1.34 ± 0.03

GG 1.40 ± 0.06 TT 1.37 ± 0.06

BMC — bone mineral content; BMD L1-L4 — bone mineral density L1-L4; BMD total — bone mineral density

total; TBS — Trabecular Bone Score; T-score — the ratio of the bone mineral density (BMD) of the test person 

to the average bone density of the young person; Z score — bone mineral density index


