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Summary 

Polycystic ovary syndrome (PCOS) is commonly associated with a higher cardiometabolic 

risk. The relationship between steroid hormones and cardiometabolic profile in PCOS has 

been evaluated, but no single hormonal predictor of this association has been identified. 

Aim:  To determine the relationship between steroid hormones and cardiometabolic risk factors 

in PCOS women.  

Method: Study included 64 women diagnosed with PCOS. Fasting blood samples were 

analyzed for biochemical, metabolic parameters and sex steroid hormones.  

Results: PCOS women with BMI ˃ 27 had significantly higher serum free testosterone (FT), 

free androgen index (FAI), estrone (E1) (p= 0.014, p= 0.02, p= 0.01) than those with normal 

weight. In all subjects E1 positively correlated with BMI (p= 0.0067), serum insulin (p= 

0.0046), HOMA-IR (p=  0.0125) and negatively with HDL-cholesterol (p= 0.009). FAI 

positively correlated with serum cholesterol (p= 0.0457), triacylglycerols (TAG) (p= 0.0001), 

HOMA-IR (p= 0.037), and glycemia (p= 0.0001), negatively with HDL-cholesterol (p= 

0.029). In multiple linear regression model E1 most significantly predicted HOMA-IR,  

whereas FT/FAI predicted HDL-cholesterol and BMI. 

Conclusion: We conclude that PCOS women with marked overweight or obesity have higher 

FT, FAI and E1 as compared with nonobese PCOS subjects. E1 and FT may predict worse   

cardiometabolic profile in PCOS.  
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Introduction 

Polycystic ovary syndrome (PCOS) is a common endocrine disease with a wide phenotype 

variability affecting approximately 5-15% of reproductive-aged women (March et al. 2010). 

Based on Rotterdam criteria, it is defined by two of the following three features: chronic 

oligo/anovulation, hyperandrogenic state (clinical and/or biochemical) and polycystic ovarian 

morphology (PCOM) detected by ultrasound (Rotterdam ESHRE/ASRM. 2004). There is 

evidence that PCOS is commonly associated with metabolic syndrome (MS) or its components 

and increased prevalence of cardiometabolic risk factors has been consistently reported. 

Numerous studies demonstrated that PCOS women have higher prevalence of obesity, arterial 

hypertension, impaired glucose metabolism and dyslipidemia in comparison to controls 

(Alexander et al. 2009, Azziz et al. 2009). Data suggest 80-100% increased risk of MS in PCOS 

women according to diagnostic criteria (Yildiz et al. 2012). However, the  relationship between  

metabolic parameters and sex steroid hormone production is still not fully understood. It is well 

known, that dyslipidemia, insulin resistance or type 2 diabetes mellitus (T2DM) and obesity are 

more prevalent in PCOS women with clinical or biochemical hyperandrogenism (The 

Amsterdam ESHRE/ASRM. 2012, Sirman et al. 2014).   Changes in insulin pulsatility and 

insulin clearance,  as well as beta cell dysfunction in PCOS were demonstrated no only in obese 

but also in lean patients. (Grimmichova et al.2008, Torchen 2017).  In previous studies free 

testosterone (FT), free androgen index (FAI) and estrone (E1) significantly predicted PCOS in 

women of all ages, whereas androstenedione (A4) was associated with more severe phenotype 

in PCOS women (Stener-Victorin et al. 2010, Conway et al. 2014).   

Sex steroid hormones are recognized to play a crucial role in the development of cardiovascular 

diseases. The relationship between sex steroid hormones and cardiometabolic profile in the 

general population and PCOS women has also been evaluated, but no single and definitive 

humoral or endocrine marker either for PCOS or for its association with MS has been clearly 

identified until this time. Studies in both sexes have proposed that extremely low and also high 

androgen levels are associated with an increased cardiovascular disease (CVD) risk (Laughlin 

et al. 2010,  Soisson et al. 2013). PCOS is commonly presented with changes of several sex 

steroids and there is a raising question, which of these hormones are associated with CVD risk 

factors. Current data on association of various sexual steroids with body weight, glucose 

tolerance and lipid profile or prediction of cardiovascular risk by sexual steroid hormones are 

limited and controversial. We hypothesized that sex steroids with marked relationship to 



 

 
 

adipose tissue that are increased in PCOS women could predict worse cardiometabolic profile 

in these patients.  

The aim of the study was primarily to compare metabolic parameters and the levels of sex 

steroids between the group of non obese PCOS women and women with PCOS and marked 

overweight or obesity. The second aim of the study was to determine the relationship of wide 

spectrum of sex steroids to cardiometabolic risk in patients with PCOS.  

Subjects and methods 

Subjects 

The study included 64 Caucasian women diagnosed with PCOS. Mean age of the patients was 

28.9 ± 5 years (range 22 – 43, median 28 years). The PCOS diagnosis was based on the 

Rotterdam criteria. Clinical hyperandrogenism was defined as the presence of hirsutism 

(modified Ferriman-Galwey score > 6), acne or androgenic alopecia, biochemical 

hyperandrogenemia was postulated if serum FT levels reached 1,1 ng/ml or FAI higher than 

8%. Chronic anovulation was defined by menstrual cycle of less than 21 or more than 35 days, 

simoultaneously with progesterone levels 6 ng/ml and less on days 20.-23. of the menstrual 

cycle in two consecutive cycles. PCOM was defined as the presence of 12 or more ovarian 

follicles on ultrasound or ovarian volume larger than 10 ml.  

Exclusion criteria were congenital adrenal hyperplasia, Cushing´s syndrome, prolactinomas and 

androgen secreting tumors. All patients had normal thyroid, liver and kidney function and they 

did not take any medication that could influence the hypothalamic-pituitary-ovarian axis during 

the last six months.  

All subjects signed a written informed consent and the study was approved by the Ethical 

committee of the L.Pasteur University Hospital in Košice, Slovakia and fulfilled the ethical 

guidelines of the most recent declaration of Helsinki. 

All patients were divided according to body mass index (BMI) into two groups. The first group 

consisted of 34 patients with BMI <  27 kg/m2, the second  of  30 patients with BMI > 27 kg/m2.  

Methods 

Weight, height and waist circumference (WC) were measured in all subjects. Weight and height 

were used to calculate BMI, which was assessed by dividing weight by height squared (kg/m2). 

Fasting blood samples were collected at approximately 7.00 a.m. in an early follicular phase, 



 

 
 

i.e. between days 3-7 of the menstrual cycle, or whenever in those with amenorea. 

Anthropometric data were obtained in the same day. Blood samples were used to analyze serum 

glucose, insulin and lipid profile -total cholesterol (T-C), LDL-cholesterol (LDL-C), HDL-

cholesterol (HDL-C), triglycerides (TG).  

Circulating levels of follicle-stimulating hormone (FSH), luteinizing hormone (LH), sexual 

hormone binding protein (SHBG), total testosterone (TT), FT, dihydrotestosterone (DHT), 

dehydroepiandosterone sulfate (DHEAS), A4, E1 and estradiol (E2) were evaluated from the 

same fasting blood sample. FAI was calculated as TT x 100/SHBG. The HOMA-IR 

(homeostasis model assessment insulin resistance) was assessed by equation: HOMA-IR = 

(glucose x insulin) /22.5.  

Serum glucose and lipids were analyzed routineously using autoanalyser (Roche Diagnostics 

GmbH). Hormonal levels of SHBG, LH, FSH, DHEAS and E2 were determined using 

chemiluminiscent immunoassay- CLIA (analyzer ARCHITECT, module C, Abbott, USA). The 

analytical sensitivity of the ARCHITECT E2 assay is   < 10 pg/ml, the functional sensitivity is 

<  25 pg/ml.  The analytical sensitivity for DHEAS was calculated to be 1.8 ug/dl at a 95% level 

of confidence.  The specificity for DHEAS assay is designed to have < 10% cross-reactivity 

when tested with structurally similar compounds.  TT, FT and A4 were detected by radio-

imunoassay  using commercially available kits of DIA Source (Belgium).   

Analytes measured by ELISAs with catalog numbers were E1 (DE4174) and DHT (DE2330) 

from Demeditec diagnostics GmbH. The intra-assay and inter-assay precision CV% for human 

serum immunoassay were: for DHT (3.9-11.4) and (5.9-12.1), for E1 (6.5-9.5) and (12.8-14.8). 

The sensitivity was: for DHT 6 pg/mL and for E1 2.21 pg/mL. The cross-reactivity between all 

tested analytes was less than 0.01%. 

 

Statistical analysis 

SAS JMP version 13.0.0 (USA) software was used for statistical analysis. Data are presented 

as mean ± SD. For normally distributed variables Student´s T test was used to compare means 

between groups, whereas for non-normally distributed data the non-parametric Mann Whitney 

test was used. Linear regression analysis was used to assess correlations between variables. 

Values were considered statistically significant at p ≤ 0.05.  Multiple linear regression analysis 

was used with various metabolic parameters as dependent variables and age, BMI, steroid 



 

 
 

hormones as independent variables. The power of significance is expressed as Log Worth, 

which was calculated as follows:  -log10 (p-value), where the adjusted p-value is calculated in 

a complex manner that takes into account the number of different ways splits can occur. A value 

that exceeds 2 was considered statistically significant.   

 

Results 

Measured anthropometric data, biochemical and hormonal variables in the group of PCOS 

women and subgroups according to BMI are presented in the Table 1. 

As expected, PCOS women with BMI > 27 kg/m2 had significantly higher insulin levels and 

HOMA-IR, they also had tendency to a higher fasting glycemia level. This group of patients 

had higher serum T-C and LDL-C levels, slightly higher TG (borderline significance). PCOS 

women with BMI > 27 kg/m2 demonstrated significantly higher FT, FAI, E1 and lower SHBG 

levels. There was found a moderately higher serum DHT level with borderline significance (p 

= 0.06) in the group of PCOS women with higher BMI. There were no significant differences 

in ASD and DHEAS levels as well as TT levels between both groups (Table 1). 

There was positive correlation between BMI and E1 (p= 0.0067, r= 0.34) (Fig. 1), positive 

correlation between BMI and FT with borderline significance (p= 0.09, r= 0.22), BMI and FAI 

(p= 0.07, r= 0.26,), respectively (Fig. 2). FAI positively correlated with total cholesterol (p= 

0.0457, r= 0.3), TG (p= 0.0001, r= 0.53), HOMA-IR (p= 0.037, r= 0.36), serum insulin (p= 

0.0428, r= 0.35,) and glycemia (p= 0.0001, r= 0.6) and negatively correlated with HDL-C (p= 

0.029, r= - 0. 33), respectively (Fig. 2). In addition, we observed that serum E1 levels were in 

significant negative correlation with HDL-C (p= 0.0099, r= - 0.36) and in positive correlation 

with serum insulin level (p= 0.0046, r= 0.4) as well as HOMA-IR (p= 0.0125, r= 0.39) (Fig. 1). 

Other sex steroids, such as E2, TT, A4, DHEAS and DHT were not in significant relationship 

with metabolic parameters (BMI, waist circumference, glycemia, insulin, HOMA-IR, T-C, TG, 

LDL-C, HDL-C). 

In multiple linear regression analysis model estrone was the most significantly related to insulin 

resistance expressed as HOMA-IR (LW 2.913, p= 0.0012) even after adjustment for BMI (LW 

2.422, p= 0.00396). After adjustment for BMI, HDL-C was most significantly predicted by FT 

(LW 2,25, p= 0.05). Moreover, only FT significantly predicted BMI (LW 2.196, p= 0.006) 

among all steroid hormones.  



 

 
 

 

Discussion 

The primary aim of the study was to compare metabolic parameters and the levels of sex 

steroids between non obese PCOS women and those with marked overweight or obesity (BMI  

>27 kg/m2). The second aim was to determine relationship of steroid hormones to selected 

components of the MS using a multiple linear regression model. Decrease in HDL-C and 

increase in TG levels are well known lipid profile characteristics in PCOS women (Legro et al, 

2011, Scicchitano et al. 2012, Kim and Choi 2013). For this study HDL-C has been used as 

a predictor of CVD risk.    

As expected, PCOS women with BMI > 27 kg/m2 had significantly worse metabolic profile and 

higher levels of  FT, FAI and E1 in comparison to nonobese group. We also detected slightly 

higher DHT in obese group with borderline significance. There were no differences in the levels 

of TT, A4 and DHEAS between both groups. Numerous studies have demonstrated that PCOS 

women especially those with higher BMI are at increased cardiovascular risk and that metabolic 

abnormalities are more prevalent in obese PCOS women (Legro 2012, Daan et al, 2015, Layegh 

et al. 2016).  Results of the current study are in agreement with published data, showing higher 

CVD risk in obese PCOS patients and more severe hyperandrogenic state in PCOS women with 

higher BMI (Azziz et al. 2009).  

In general, many studies demonstrated higher serum levels of ovarian and adrenal androgens, 

estrogens, sex steroid precursors and glucuronidated androgen metabolites in PCOS women in 

comparison with non PCOS controls (Stener-Victorin et al. 2010, Nehir et al. 2016). In the  

japanese study, abnormal values of  FT, FAI and E1 were the most common laboratory findings 

among all sexual steroids (The Japanese Society 2007, Kubota 2013). In another study, serum 

E1 and FT were independently associated with PCOS. Combination of elevated E1 and FT was 

able to discriminate PCOS and non PCOS women with high sensitivity and specificity (Stener-

Victorin et al, 2010).  In the study of Pinola et al.,  FT, FAI and ASD were the best predictive 

factors for having PCOS (Pinola et al 2015).  

Unfortunately, there is not known, which steroid hormone is the main predictor of the worse 

metabolic profile in PCOS women. Although, some studies demonstrated more 

hyperandrogenic profile in obese PCOS women, we found the higher serum levels of FT, FAI 

and slightly higher DHT in obese PCOS women. Similarly to Layegh et al., we did not detect 

significant differences in TT and A4 levels between obese and non obese subjects (Layegh et 



 

 
 

al. 2016). In contrast with this study we did not find a difference in DHEAS levels between 

both groups according to BMI (Layegh et al. 2016). There was significant positive correlation 

between BMI and E1, borderline positive correlation between BMI and FT/FAI.  FAI positively 

correlated with T-C, TG, HOMA-IR and negatively with HDL-C. Similar findings were 

observed in some other studies (Ebrahimi-Mamaghani et al. 2015, Daan et al. 2015, Kische et 

al. 2016) showing that PCOS women with elevated FT levels have an adverse metabolic 

phenotype (Lerchbaum et al. 2014).   The same was demonstrated in FAI which correlated  

more tightly with degree of obesity than with PCOS itself (Torchen 2017).  

This study did not demonstrate a difference in serum DHEAS between obese and non obese 

PCOS women. We also did not find any relationship between DHEAS and metabolic 

parameters contrary to Moran et al. and  Layegh et al. (Layegh et al. 2016, Moran et al. 2015).   

Thus we did not confirm some previous data that DHEAS levels are related to a better metabolic 

profile in PCOS women (Dong et al. 2015, Guducu et al. 2015, Amato et al. 2015).  

Although few studies demonstrated enlargement of the adrenal gland and adrenal androgen 

excess in PCOS women (Azziz et al. 2013, Unlu et al. 2016), not all of them have found 

association of DHEAS with better metabolic profile. In particular, it can be explained by various 

cut off values for BMI in various studies and by heterogenity of patients in examined groups.  

Based on these data, DHEAS appears to be a protective against CVD risk in PCOS women, but 

it`s role in modulating CVD risk in PCOS women is still unknown (Godarzi et al. 2015, Alpanez 

et al. 2015).   

In this study we did not demonstrate any relationship between A4 and metabolic profile in 

PCOS. In one study, A4 was related to more severe phenotype of the PCOS, others  confirmed  

its association with better cardiometabolic profile (Moran et al. 2015, Georgopoulos et al. 

2014). Data from the literature are still poor and further studies are needed.  

There are only few studies assessing  the role of  DHT in cardiometabolic risk in PCOS women. 

In the previous study, DHT was significantly higher in PCOS group (Stener-Victorin et al. 

2010). Unfortunately, this study did not determine its relationship to BMI and CVD risks. In 

our study, DHT was slightly increased in PCOS patients with higher BMI with the borderline 

significance. This finding does not allow to postulate reliable conclusion and requires further 

observations.  

Aside from adrogens, endogenous estrogens have also been extensively studied as a potential 

predictor of CVD risk. In the study of Daan et al. adjustment of E2 attenuated association 



 

 
 

between FAI and CVD risk factors (Daan et al. 2015), however in another study E2/T ratio was 

significantly lower in PCOS subjects and negatively correlated with BMI (Chen et al. 2015).   

This study did not find any differences in E2 levels according to BMI. Simoultaneously, we did 

not find any correlation of  E2 with metabolic characteristics in PCOS women.  Whereas, 

Kische et al. found a positive correlation of E2 with BMI, others did not confirm this  

association (Kische et al. 2016).   

On the other hand, the levels of E1 are reported to be elevated in PCOS women and also in 

those with higher BMI.  Many similar studies did not determine serum estrone levels, which is 

the main advantage of this study. There is an evidence that E1 is also increased in obese women 

regardless on the presence of PCOS (Nehir-Aytan et al. 2015, Mather et al 2015). Previous 

study showed that incidence of T2D was directly associated with serum estrogens, especially 

E1 (Mather et al. 2015).  In  our cohort, E1 together with FT and FAI significantly correlated 

with  majority of metabolic parameters. No other steroids were found to be in relationship with 

cardiometabolic risk. In multiple regression analysis E1 predicted insulin resistence even after 

age and BMI adjustment, that is the main priority of the study.  Some studies have found that 

women with PCOS have increased total and also abdominal fat (Torchen 2017). Because E1 

mostly reflects fat amount, we suggest that its higher levels and association with 

cardiometabolic risk  are  done via fat mass which is the most important  source of E1 

production.  

One of the strengths of this study is that we measured a wide spectrum of sex steroids, more 

than were measured in previous studies. This study has also several limitations. Main limitation 

is the fact, that we did not measure sex steroids levels using mass spectrometry. However, the 

high sensitivity and specificity of laboratory assays alows to postulate serious results. The 

second limitation is a relatively small group of patients enrolled in the study.   

Despite limitations we can conclude that PCOS women with marked overweight and obesity 

have significantly worse cardiometabolic profile than those with BMI <  27 kg/m2.  PCOS group 

with higher BMI had significantly higher values of FT, FAI and E1, as well as slightly higher 

DHT. Among all sex steroid hormones, FT and E1 positively correlated with cardiometabolic 

risk characteristics, whereas other steroids were not in significant relationship to various 

components of metabolic syndrome.  Because majority of PCOS women especially those with 

overweight or obesity have increased cardiomatebolic risk and approximately 50% increase in 

cardiovascular disease deaths, all these women should be stratfied and followed up for risk 



 

 
 

factors.  The values of FT, FAI and E1 seem to be a suitable markers for follow-up strategy in 

these patients.  
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Figure and table legends 

Figure 1. Linear regression analysis models show significant positive correlations between E1 

and waist circumference (a), BMI (b), HOMA-IR (c) and negative correlation between E1 and 

HDL-C (d). 

Figure 2. Linear regression analysis models show negative correlation between FAI and HDL-

C (a) and positive correlations between FAI and glycemia (b), insuline (c) and HOMA-IR (d). 

Table 1. Antropometric, biochemical and hormonal variables in PCOS women divided 

according to BMI  

Abbreviations: BMI – body mass index, HOMA-IR – homeostatic model assessment insulin 

resistance, TG – triglycerides, HDL-C – high density lipoprotein cholesterol, LDL-C - low 

density lipoprotein cholesterol, FSH – follicle stimulating hormone, LH – luteinizing hormone, 

TT – total testosterone, FT-free testosterone, SHBG- sex hormone binding globulin, FAI – free 

androgen index, A4 – androstenedione, DHEAS – dehydroepiandrosterone sulphate, E2 – 

estradiol, E1 – estrone, DHT – dihydrotestosterone.   

 

 

 

 

 

 

 

 

 

 

 

 

 











Table 1 

 

Parameter 

PCOS 

all group 

(n= 64) 

PCOS 

BMI < 27kg/m2 

(n= 34) 

PCOS 

BMI > 27kg/m2 

(n=30) 

 

p value 

Age (years) 28.9 ± 5 27 ± 5 30.7 ± 5.2 0.011 

BMI (kg/m2) 27.7 ± 7 22.3 ± 2.3 34.2 ± 5.4 0.0000 

Waist (cm) 84 ± 18 72 ± 7 100 ± 15 0.0000 

Glycemia (mmol/l) 5.1 ± 1.5 4.7 ± 0.4 5.5 ± 2.2 0.0731 

Insulin (mIU/l) 14.4 ± 9.7 9.1 ± 5.1 21.5 ± 9 0.0000 

HOMA-IR 3.2 ± 2.5 1.9 ± 1.1 4.9 ± 2.7 0.00026 

Cholesterol (mmol/l) 4.9 ± 1.1 4.6 ± 1 5.3 ± 1.26 0.03 

TG (mmol/l) 2.1 ± 4.8 1.02 ± 0.5 3.3 ± 6.9 0.09 

HDL-C (mmol/l) 1.5 ± 0.4 1.7 ± 0.3 1.23 ± 0.3 0.0000 

LDL-C (mmol/l) 2.7 ± 0.8 2.5 ± 0.75 2.9 ± 0.77 0.03 

FSH (IU/l) 4.2 ± 1.6 4.5 ± 1.6 3.8 ± 1.4 0.11 

LH (IU/l) 8.6 ± 7.1 10.0 ± 8 7.0 ± 4.7 0.121 

TT (ng/ml) 1.1 ± 0.38 1.03 ± 0.35 1.1 ± 0.3 0.321 

FT (pg/ml) 4.3 ± 1.2 3.9 ± 1.1 4.7 ± 1.2 0.014 

SHBG (nmol/l) 58.7 ± 65 79.7 ± 80 36.7 ± 36.5 0.016 

FAI 11.3 ± 11.1 7.6 ± 7.8 14.8 ± 12.9 0.02 

A4 (ng/ml) 5.0 ± 1.4 4.8 ± 1.4 5.2 ± 1.5 0.42 

DHEAS (ug/100ml) 322 ± 164 306 ± 137 332 ± 194 0.619 

E2 (pg/ml) 64.5 ± 42.1 75.12 ± 43.7 58.5 ± 39.7 0.09 

E1 (pg/ml) 114.2 ± 129 78.3 ± 75 161 ± 165 0.01 

DHT (pg/ml) 683 ± 449 587 ± 267 808 ± 596 0.06 
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